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1. Introduction 
 

The Italian territory occupies a strategic position in the Mediterranean area, which 

represents a crossroads between Northwestern Europe, Central Europe, Eastern Europe 

and North Africa. The tectonic and volcanic activity during the Quaternary produced a 

heterogeneous physiography, with the presence of several natural physical barriers, such 

as the Alps and Apennines chains. The mountain ranges represent the main ecological 

barriers, respectively towards continental Europe and along the peninsula, affecting the 

distribution of mammal fauna. Furthermore, the latitudinal extension of Italian territory 

causes a strong climatic gradient and produces regional differences in the climatic 

conditions, especially during the Glacial Stages (Sala et al., 1992; Gliozzi et al., 1997; 

Bedetti et al., 2001; Sala & Masini, 2007). During the late Quaternary, the faunal 

assemblages were characterized by a strong regionalism, related to the presence of 

different dispersal paths and local environmental conditions (Masini et al., 1991; Sala et al., 

1992, Gliozzi et al., 1997; Bedetti et al., 2001; Petronio et al., 2007; Sala & Masini, 2007).  

The Apulian region is located in the southern part of the Italian Peninsula, extending mainly 

along the latitudinal axis (130 km), and only 30 km along the longitudinal axis. Based on its 

peripheral position and physiography, some authors considered the occurrence in the 

Apulian peninsula of a refugium area during the Late Pleistocene, due to supposed archaic 

nature of the vertebrate fauna (Di Stefano et al., 1992). On the contrary, other authors 

suggested that these mammal faunal associations could be chronologically referred to the 

late Middle Pleistocene (Masini et al., 1991; Sala et al., 1992).  

Nowadays, there are only two fossiliferous sites attributed to Middle Pleistocene both from 

the Murge area (central part of the Apulia region): Contrada Monticelli (Mazza & Varola, 

1999; Mecozzi et al., 2017) and Grotta di Lamalunga (Tagliacozzo, 1995; Lari et al., 2015; 

Fiore et al, 2018). Many vertebrate assemblages from Late Pleistocene deposits of Apulia 

have been reported in previous researches; these sites are mainly represented by 

ossiferous breccias, karst infilling deposits and caves.  

The first includes fossil remains highly cemented with the matrix rock and their extraction or 

even their observations is often very difficult. However, the scattered outcrops of ossiferous 

breccias are characterized by the occurrence of the large mammals, such as Palaeoloxodon 

antiquus, Stephanorhinus hemitoechus and Hippopotamus amphibius, with a well-

documented presence of Dama dama, which have been referred to the early Late 

Pleistocene (MIS5c-5a) (MIS = Marine Oxygen Stage) (Di Stefano et al., 1992).  
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The second typology of deposit is represented by sub-vertical or funnel-shaped karst 

fissures, especially in the Salentine Peninsula (southern part of the region) where several 

quarries are open for the extraction of a Miocene calcarenite, known as Pietra Leccese. 

During the Middle-Late Pleistocene, the calcarenite was affected by an intense karst activity 

that formed an articulated fissured network (Selleri et al., 2003; Selleri, 2007). These karst 

fissures outcrop mainly in the fossiliferous area of Maglie (Lecce, Apulia) (locally known as 

“ventarole”) and are filled with red soil (so-called “terre rosse”) in the lower part, and 

brownish soil (so-called “terre brune”) in the upper (Di Stefano et al.,1992; Bologna et 

al.,1994; Pandolfi et al., 2017). The “ventarole” deposits are rich in vertebrate fossil remains, 

generally in a good state of preservation and articulated bones often occur (Bologna et 

al.,1994; Iurino et al., 2015). 

Due to the fragmentary stratigraphic and geomorphological evidence, the ossiferous 

breccias and the “ventarole” deposits are mainly dated biochronologically based on the large 

vertebrate faunal assemblages they contain (Di Stefano et al., 1992; Bologna et al., 1994).  

In this territory, especially in the Salentine Peninsula, many caves open into the step 

coastline or are submerged beneath the present sea level. Many of the caves contain 

remarkable archive of palaeontological, archaeological and palaeoclimatic data, thus 

testifying the human presence from the Middle Palaeolithic to Neolithic (e.g., Grotta del 

Cavallo, Grotta del Diavolo, Grotta di Santa Maria di Agnano). Among these, Grotta 

Romanelli is considered a key site for the Mediterranean Quaternary for its archaeological 

and palaeontological heritage, since the beginning of the XX century. Although the cave was 

discovered in 1874 by Botti, the excavation activity was performed for the first time by Stasi 

at the end of 1800s. Immediately, the specialists recognized the remarkable importance of 

the site as the first evidence of the Upper Palaeolithic in the Italian peninsula and the first 

record of the rock art in the Euro-Mediterranean area (Graziosi 1973; Sardella et al. 2018; 

Sigari 2018).  

The aim of this work is to carry out the palaeoenvironmental reconstruction of the continental 

ecosystem and to define the biochronological and palaeobiogeographical context of the 

mammal fauna from the Apulian Peninsula during the Middle-Late Pleistocene. 

The taxonomic and palaeobiological study will allow to determine the mammal 

assemblages, and to broaden the knowledges of dispersals and adaptations of the mammal 

taxa during the glacial/interglacial stages occurred in the Middle to Late Pleistocene.  
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To achieve the aims of this work, the following points have been carried out:  

- The study of new fossil materials of mammals coming from several Middle-Late 

Pleistocene fossiliferous sites of the Apulian region (e.g., Grotta Romanelli, Cava 

Spagnulo, San Sidero);  

- The revision of the fossil collections previously published, where often only the faunal 

lists were reported (e.g., Grotta Zinzulusa, Grotta dei Giganti); 

- The comparison of the composition of the mammal faunas from late Middle-Late 

Pleistocene fossiliferous sites of the Apulian region; 

- In order to test the variability in teeth size and/or proportions during the last 350 ky, 

statistical analyses on several mammal taxa were conducted. 
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2. State of art 
2.1 The Hisotrical background in the Apulian region  
The first research in the Apulian region, focused on the different aspects of geology, has 

been produced in the period spanning from the birth of Italy as modern nation (1861) to the 

end of World War I (1918). One of the fathers of Italian geology, G. Brocchi, was attracted 

by the geological features of the Salento peninsula (southern part of the region), reaching 

this territory during his travels through southern Italy in 1818. Costa, born in Alessano 

(Lecce), carrie out the first important studies on geology of Salento, focusing part of his work 

on the description of the fossil fauna content in the Pietra Leccese Formation. Other 

important Italian geologists repeatedly visited the Apulian region, among which Capellini, 

geology professor at Bologna Univerisity, who was the first to realize the “Carta Geologica 

d’Italia” (Geological Map of Italy). In particular, he described the fossil cetaceans from Pietra 

Leccese Formation. Also Bassani, geology professor at Naples University, provided some 

works about the ichthyofauna and cetaceans found in this formation. Instead, De Giorgi, 

instead, was the first to study the regional geological setting of the northern part of the 

region. Finally, the first geological sketch of whole region, with a first resume of the 

paleontological and archeological research of that time, was performed by Sacco during the 

1910s.   

Simultaneously, the terrestrial vertebrate fossils and Prehistory studies were much less 

frequent in Italy, albeit these disciplines were still far from common across Europe.  

The change started during the 1870s, when the first university chair in Prehistory was 

established, the first Prehistory and Ethnography National Museum was instituted and the 

“Bullettino di Paletnologia Italiana” was founded. Pigorini, Chierici and Strobel represent the 

“founding fathers” of this discipline, among the most important personalities of that time.  

Immediately, the Apulian Peninsula became a point of reference for the paleontological and 

archaeological studies. The knowledges regarding the Apulia increased thanks to the 

passion of some local scientists like Botti, De Giorgi and Guiscardi. Botti described 

Quaternary vertebrate remains found in caves, among which Grotta del Diavolo (Lecce), 

Grotta Romanelli and Grotta Zinzulusa (Lecce) (Botti, 1871, 1874), as well as the ichthyolite 

found in the Pietra Leccese Formation. Guiscardi (1873) reported the first description of the 

canid and hyena fossil material coming from the Grotta della Jena (Bari). Since other 

naturalist passionates for these matters conducted research in this territory, a number of 

massive fossil and archeological samples were collected. Unfortunately a lot of this material 

was lost during the last century, because at that time there were no Museum or Research 
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Centers where to preserve the collections. This material was published only in a few 

dissemination reports in local journals, where rarely the mammal faunal lists were rarely 

reported.  

However, the Salento immediately assumed a key role in the study of the prehistoric human, 

thanks to many and well-documented archaeological and palaeontological evidences. In 

fact, many of the Salentine caves contain remarkable archive of palaeontological, 

archaeological and palaeoclimatic data, thus testifying the human presence from the Middle 

Palaeolithic to Neolithic.  

The research activities in the Apulian region were stopped until the beginning of the 1950s, 

excepted for Grotta Romanelli, where A.C. Blanc carried out the excavations from 1915.  

Many caves and karst infilling deposits were discovered in 1950s-1960s by Anelli, A.C. 

Blanc, Borzatti von Lowestern, Cardini, Castiglioni, Cornaggia, Cigna, Cremonesi, Dantoni, 

De Lorentis, Lazzari, Malviglia, Mezzena, Orlandi, Palma di Cesnola, Ritrattore, Spennato, 

located in: Gargano Promontory: Grotta Paglicci; Murge: Grotta dei Ladroni, Grotta della 

Jena, Grotta della Masseria del Monte, Grotta delle Mura, Grotta Santa Croce; Salento: 

Grotta Cipolliane, Grotta dei Giganti, Grotta del Cavallo, Grotta dell’Alto, Grotta della 

Prazziche, Grotta delle Tre Porte, Grotta di Capelvenere, Grotta di Uluzzo C, Grotta Mario 

Bernardini, Grotta Montani, Grotta Zinzulusa, Melpignano, Riparo Marcello Zei, San Sidero 

and Serra Cicora A. 

The archaeological, paleontological and geological richness of the region favoured the 

institution of many regional nature parks to protect the territory and its heritage, especially 

in Salento (the Regional Nature Park Porto Selvaggio e Palude del Capitano, the Regional 

Nature Park Isola di Sant'Andrea e Litorale di Punta Pizzo,  the Litorale di Ugento Regional 

Nature Park, the Regional Nature Park Bosco e Paludi di Rauccio and the Otranto-Santa 

Maria di Leuca Coast and Tricase Woods regional nature park). 

In particular, with the aim of promoting the compilation of inventories of sites of geological 

interest (geosites), the Apulia region allocates economic support and provides for a number 

of measures for their valorization and protection, through the Regional Law n. 33/2009 

“Tutela e valorizzazione del patrimonio geologico e speleologico” (conservation and 

promotion of geological and speleological heritage) (Sansò et al. 2013, Margiotta and Sansò 

2014). Indeed, most of the geological heritage of the Salento is underexploited by the local 

tourism. According to Sansò et al (2013) and Margiotta & Sansò (2014) the identification of 

the geosites could be the basis for the building of a cultural attraction for promote the tourism 

in this region. 
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2.2 Chronological framework: state of art 
For a long time, the Apulian Peninsula has represented a key region for the study of the 

prehistoric human evolution and the climatic changes that took place during the Quaternary 

in the Mediterranean area.  

Few sites, chronologically referred to the Late Pleistocene, have a stratigraphical sequences 

long enough to record the changes in faunal composition, albeit many deposits include a 

rich lithic industry and fossil sample, and rarely volcanic and speleothem levels. 

Unfortunately, the scantiness of the fossil record and sedimentation discontinuities 

prevented the application of the concept of Assemblage Zone (Cenozone) (De Giuli et al., 

1986). Therefore, vertebrate paleontologists considered the terrestrial faunal associations 

as succession of bioevents, that constitutes the main tool to build the biochronological 

scheme (De Giuli et al., 1986; Sardella & Palombo, 2007). In order to define several 

successive bioevents and their correlations, the concept of first/last occurrence (LOD-FOD) 

and first/last appearance (LAD/FAD) was adopted (De Giuli et al., 1986; Sardella & 

Palombo, 2007). The dispersal of the terrestrial species is a diachronic event, hence the 

presence of a taxon in some deposits in distinct areas cannot support the isochronism 

hypothesis (De Giuli et al., 1986; Sardella & Palombo, 2007).  

Moreover, during the late Middle to Late Pleistocene, the mammal fauna of the Eurasian 

continent progressively acquired modern features, with extinctions that generally prevailed 

on the appearances of the new species (Alaberdi et al., 1997). In Italian peninsula, several 

distinct biogeographical areas related to the presence of different migration paths have been 

identified, linked to sea level-climatic phases and to local climatic and microclimatic factors 

(Bedetti et al., 2001). Based on the Faunal Units (F.U.) succession, the Italian large mammal 

biochronological scale was formalized for the first time by Azzaroli (1977) and over time this 

scheme was integrated with new fossiliferous localities supported by radiometric and 

palaeomagnetic dating (Gliozzi et al., 1997). The biochronological scale includes four 

biochrons: the Villafranchian (early-middle-late) (late Pliocene -  Early Pleistocene), 

Epivillafranchian (late Early Pleistocene), Galerian (early Middle Pleistocene) and Aurelian 

(late Middle Pleistocene – Late Pleistocene) (Gliozzi et al., 1997; Bellucci et al., 2014). 

The Aurelian Mammal Age was instituted for the first time by Gliozzi et al. (1997), including 

only the Torre in Pietra F.U. (MIS 11; 0.4 Ma) and Vitinia (MIS 7; 0.2 Ma). In the Aurelian 

faunal complex, it can witness a marked renewal of the vertebrate assemblage, with the 

extinction of several Galerian taxa, such as megaricene cervids, elaphine deer (Gliozzi et 

al., 1997). In Torre in Pietra F.U., the core of the modern mammal fauna living in the 
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Eurasian areas nowadays appeared for the first time, with the FOD of Canis lupus, Ursus 

spelaeus and Megaloceros giganteus (Gliozzi et al., 1997). The Vitinia F.U. was 

characterized by the FOD of the fallow deer Dama dama tiberina and the Regalia ass Equus 

hydruntinus (Gliozzi et al., 1997). Several hypotheses have been proposed by some authors 

for the late Aurelian mammal assemblages. Gliozzi et al. (1997) stated that during the Late 

Pleistocene the Italian Peninsula was characterized by profound climatic events and 

different microclimatic and environmental conditions strongly influenced both the Tyrrhenian 

and the Adriatic coasts. Therefore, defining the late Aurelian assemblages is complicated 

due to scattered disappearance of large and medium sized mammals and the diffusion of 

large cold adapted mammals in relation to climatic changes (Gliozzi et al., 1997). Palombo 

et al. (2004) carried out the stratigraphic reinterpretation of several outcrops in the urban 

area of Rome attributed to Vitinia F.U. (Sedia del Diavolo, Monte delle Gioie), where Dama 

dama tiberina occurred. In addition to the description of new outcrops and new radiometric 

dating, the authors suggested a revision of the biochronological scheme up to now adopted. 

In fact, the geological revision of Middle Pleistocene deposits of Sedia del Diavolo and 

Monte delle Gioie demonstrated that these deposits were correlated to Aurelian formation 

and were deposited in a time span between 355 and 285 kry. The comparative analysis of 

the faunal complexes ascribed to Torre in Pietra and Vitinia highlighted the strong affinity on 

a both taxonomical and structural point of view. The new acception of the Torre in Pietra 

F.U., occurred in the deposits of the Aurelia formation (Torre in Pietra, Polledrara di 

Cecanibbio, Castel di Guido, Malagrotta, Sedia del Diavolo, Monte delle Gioie and 

Quartaccio-Vitinia), which is characterized by the first occurrence of Canis lupus, Ursus 

spelaeus, Megaloceros giganteus and Dama dama tiberina. The typical association is 

represented by Palaeoloxodon antiquus, Bos primigenius, cervids, Equus ferus, 

Hippopotamus amphibius and one or two species belonging to the genus Stephanorhinus 

(Stephanorhinus hemitoechus and Stephanorhinus kirchbergensis) as well as medium sized 

or large canivores, such as Panthera spelaea (= Panthera leo spelaea). The first occurrence 

of E. hydruntinus and Mammuthus primigenius might be related to dispersal phases that 

took place during the climate cooling correlated with the isotope stages 8 and 6 respectively. 

Finally, Petronio et al. (2007) proposed a revision of the biochronological scheme, with the 

introduction of two new F.U.s, Melpignano and Ingarano. The first corresponded to the 

beginning of the last interglacial (early Late Pleistocene - MIS 5) and included the first 

occurrence of Cervus elaphus elaphus and Dama dama dama.  The Ingarano F.U. included 

some bioevents of the cold-adapted mammal occurred during the MIS 4-3, such as 
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Coelodonta antiquitatis, Mammuthus primigenius and Marmota marmota.  Nowadays, there 

is no arrangement largely accepted by scholars for the late Aurelian F.U., although the 

scheme proposed by Palombo et al. (2004) seems to be the most commonly used and 

widely accepted in the last decade. 

Unfortunately, paleontologists frequently study old collections the lack of stratigraphical data 

and/or radiometric age, with the additional difficulty to reconstruct the bioevents of mammals 

for the Italian biochronological scale.  

During the late Middle to Late Pleistocene, the deposits often show geomorphological (e.g., 

marine terraces), sedimentological and stratigraphical evidences that led to define the age 

for the infilling successions. Furthermore, many of these deposits include volcanic levels 

(e.g., tephra, pumice deposit) or speleothems (e.g., stalagmites, stalactites, flowstones), 

which can provide the absolute age (e.g., 230U/234Th, 40Ar/39Ar) if they are analyzed. In 

addition, in order to detail the chronology of the Late Pleistocene deposits, radiocarbon 

dating can also be carried out (limit at ca 55 kyr). 

Finally, these late Middle to Late Pleistocene sites, especially the cave deposits, include 

evidences of human presence, with lithic industry and fossils as well as mobiliary and rock 

art. The Apulian region is rich in Middle Palaeolithic and Neanderthal fossils, mainly referred 

to Mousterian chronocultural facies. Of considerable interest is the transition between Homo 

neanderthalensis and Homo sapiens, well-documented in Apulian Peninsula (e.g., Grotta 

del Cavallo, Grotta Uluzzo C, Grotta Mario Bernardini), whereas the typology of the artefacts 

allowed to institute the Uluzzian chronocultural facies (early Upper Palaeolithic). During the 

last 35 kyr, the human occupation in the region is testified by a rich record of both industry 

lithic attributed to Upper Palaeolithic and fossil remains.  

One of the major problems related to the study of Apulian Pleistocene is the lack of absolute 

chronological data, a slightly common matter in the Italian late Middle to Late Pleistocene 

record. In fact, few Apulian deposits are provided by a radiometric dating of fossils, 

speleothems and/or volcanic level. Nevertheless, over the years a number of studies have 

focused on the description of both of the mammal fossils and lithic complex to define a 

chronocultural and biochronological scale for the Apulian Pleistocene sites (Fig. 1).  
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Fig. 1 – Chronological framework of the Apulian Peninsula 

 
 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



10  

3. Geological setting 
The Apulian region is located in the southern part of the Italian Peninsula, extending mainly 

along the latitudinal axis (130 km), and only 30 km along the longitudinal axis. The geology 

of the region is characterized by the outcropping of authocthonous carbonate platform 

developed on top of the Apulian swell throughout the Mesozoic (Fig. 2). In the eastern side 

of region, Gargano promontory and Adriatic Sea, occurs the slope to basin transition (De 

Dominicis & Mazzoldi, 1987; Masse & Luperto Sinni, 1987).  

The Apulian region represents the foreland of both the Apenninic and Dinaric orogens active 

during the Neogene. This foreland, weakly deformed, consists of an emerged area (the 

Gargano Promontory, Murge and Salento areas) and of a submerged area in the Adriatic 

Sea and in the Ionian Sea (Auroux et al., 1985).  The Apulian foreland shows a classic 

succession of Permo-Triassic red beds (fluvial deltaic terrigenous facies, i.e. Verrucano), 

evaporites (Burano Anidrite, about 1 km thick), and well-bedded Jurassic-Cretaceous 

carbonates of generally restricted platform or back reef facies 3-5 km thick (D'Argenio, 

1974). Thin and discontinuous Tertiary deposits overlook the Jurassic-Cretaceous 

carbonates. The Tertiary deposit are represented by organogenic and/or calcarenitic facies 

of Paleocene-Oligocene age and by thin carbonate-terrigenous deposits of Neogene and 

Quaternary age. 

 
Fig -2 Schematic geological map of the Apulia; Gargano promontory, Murge and Salento represent the third 

structural highs of the Apulian foreland (modified by Pieri et al., 1997).   
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The Apulia corresponds to the most uplifted portion of a wide antiform structure WNW-ESE 

trending and segmented by several, parallel normal faults and related transfer zones.  

The antiform shows down faulted blocks both toward the Bradanic trough to the west and 

toward the Adriatic. Transfer faults striking oblique or perpendicular to the main WNW 

trending normal faults segmented the Apulia in three main blocks with different degree of 

uplift (from the highest Gargano Murge, and to the lowland of Salento toward the southeast).  

During the Plio-Pleistocene age, the 3 to 6 km thick sands and shales filled the Apenninic 

foradeep in both Bradanic trough and Adriatic areas. Starting from the Middle Pleistocene, 

the Apulia foreland, in front of the southern Apennines, began to uplift, in contrast with the 

northern foreland in the central Adriatic where subsidence continued regularly.  

The schematic geological setting of the Gargano promontory, most uplifted block of the 

Apulian foreland (1050m above the sea level), includes late Pliocene-Pleistocene deposits 

which discordantly overlap the Mesozoic carbonate platform sequences (D 'Alessandro et 

al., 1979). These deposits, few tens of meters thick, occur at 200-250 m above sea level.  

The Murge represents the elongated antiform characterizing the strike of Apulia. This region, 

elongated N W-SE, is the largest uplifted area of the Apenninic foreland. The Cretaceuos 

carbonate platform sequences (Bari and Altamura Formations) are discordantly cover by 

few meters thick of late Pliocene-Early Pleistocene calcarenites (Gravina Calcarenite). The 

contact between Cretaceuos carbonate and late Pliocene-Early Pleistocene calcarenites 

occurs in several localities up to 400 m above sea level.  

The Salentine peninsula represents the southern Apennine foreland of the Apulia carbonate 

platform. It is mainly composed of Jurassic-Cretaceous limestones and dolostones (Altmura 

Formation) (Ciaranfi et al., 1988). These deposits are capped by Neogene (Castro 

limestone, Porto Badisco calcarenite, Miocene calcarenite, Andrano calcarenite) to 

Quaternary (Leuca Formation, Uggiano Formation, Gravinia calcarenite, Subappennine 

clays) sediments stretching between the Adriatic and Ionian Seas.  

Generally, in Apulian regions there is the predominance of outcrops of calcareous rocks, 

therefore the morphology of the territory is mainly characterized by karstic landforms.  

The last phase of development of karst features started in the Middle Pleistocene with the 

tectonic uplift of the Puglia region (Doglioni et al. 1994; Santaloia et al. 2016). In particular, 

these karstic processes have given rise to many caves, located along the coastline from 

Polignano (Bari) and Capo di Santa Maria di Leuca (Lecce). In addition, in the inland of the 

region the calcareous rocks were affected by an intense karst activity that formed an 

articulated fissured network during the Middle-Late Pleistocene, especially in the Salento 
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Peninsula (Selleri et al., 2003; Selleri, 2007). Indeed, the Miocene calcarenite, known as 

Pietra Leccese, had also undergone intense karst processes. These sub-vertically or funnel-

shaped karst fissures, locally so-called “ventarole”, were filled with red soils, so-called “terre 

rosse”, in the lower part, and brown soils, so-called “terre brune”, in the upper (Di Stefano 

et al.,1992; Bologna et al.,1994). 

Finally, the coastal landscape of the Apulian region is generally characterized by some 

marine terraces produced by glacio-eustatic sea level changes that occurred since the 

Middle Pleistocene. Some of these are overlain by a thin sedimentary deposit composed of 

calcareous sandstones, that frequently contain Persististrombus latus (=Strombus 

bubonius). The presence of this taxon associated with other mollusc species constituts the 

so-called Senegalese Faunal Complex, marking Mediterranean seawater warming during 

Middle to Late Pleistocene interglacial episodes. 

Along the Adriatic shore of the Salentine Peninsula (between Otranto and Leuca), the 

coastal slope is characterized by five abrasion platforms at about 50-60, 40, 15-20 and 8-

10 m asl, respectively (Mastronuzzi et al. 2007). The geomorphological study of stable areas 

of the Mediterranean Sea is of considerable interest to investigate the Quaternary sea level 

changes. Recently, a large database of the morphometric measurements and height 

elevation of fossil tidal notch across the Mediterranean as well as a summary of the 

chronological information used to their correlation has been performed (Antonioli et al. 

2018). In particular, two fossil tidal notch located in the Adriatic coast of the Salentine 

Peninsula, Grotta Romanelli (9.25 m ± 0.135 asl) and Grotta delle Striare (8,21 m ± 0.275 

asl), have been chronologically referred to MIS 13-11 and 5.5 respectively (Antonioli et al. 

2018). 
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4. Fossiliferous sites 
 
Many vertebrate assemblages have been discovered during 1900s, which have been mainly 

chronologically referred to Late Pleistocene (Middle-Late Palaeolithic) (Fig. 3). Most of these 

deposits testimonies the presence of the prehistoric human, both Homo neanderthalensis 

and Homo sapiens, with bone and lithic tools, mobiliary and parietal art and fossils. The 

human presence, well-documented in cave deposits, prevents to consider the associated 

paleontological data as reliable tool to reconstruct the palaeoecosystem of the region.  
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Fig. 3 -  Location of Apulia (grey area) along the Italian Peninsula. The Gargano, Murge and Salento area are 

indicated. Gargano: 1 – Ingarano; 2 – Vieste; 3 – Grotta Paglicci, Grotta B di Spagnoli; Murge: 4 – Grotta Santa 

Croce; 5 – Grotta Masseria del Monte; 6 – Grotta dei Ladroni; 7 – Grotta di Lamalunga; 8 – Grotta delle Mura; 

Grotta Migliorini; 9 – Grotta della Jena; Contrada Monticelli; 10 – Grotta Santa Maria d’Agnano - esterno; 

Grotta Sant’Angelo; 11– Tana delle Iene; 12 – Grotta Laceduzza; 13 – Riparo l’Oscurosciuto; 14 – 

Castellaneta; 15 – Cava Spagnulo; 16 – Avetrana; 17 – Cardamone; 18 – Sternatia; 19 – Grotta di 
Capelvenere; Grotta del Cavallo; Grotta dell’alto; Grotta Mario Bernardini; Grotta Uluzzo; Grotta Uluzzo C; 

Riparto Marcello Zei; Serra Cicora A; 20 – Fondo Cattìe; Melpignano; San Sidero; 21 – Grotta del Sarcofago 

– Grotta dei cervi; 22 – Grotta delle Veneri; 23 – Grotta delle Striare; Grotta Romanelli; Grotta Zinzulusa; 24 – 

Fondo Focone; Sant’Ermete; 25 – Grotta Montani; 26 – Grotta delle Prazziche; Grotta delle Cipolliane C; 

Gagliano del Capo; 27 – Grotta dei Giganti; Grotta del Diavolo; Grotta delle Tre Porte (Reference in the Tab.1).  

 

In addition, the human exploitation of mammals makes a high fragmentation of the fossil 

remains and often the determination of taxa takes place based on isolated teeth, especially 

for the small-sized species. Indeed, the prehistoric human mainly hunted the large- and 

middle-sized ungulate, especially bovids, cervids and equids. The megaherbivores were 

also exploited, albeit rhino, elephant and hippo were documented with isolated teeth and 

highly fragmented postcranial remains. Prehistoric human exploited carnivorans for a wide 

range of purposes, not only for food and fur, but also for bone artefact industry and symbolic 

and ornamental purposes. Despite this, the fossil remains of carnivorans are scarce, 

especiallyr the large-sized taxa, such as leopard, lion and bear. 

The calcareous nature of the rocks outcropping in the region favoured intense karst 

processes activity, which developed sub-vertically or funnel-shaped karst fissure, sinkhole 

and grave. Often, these karst structure were quickly filled, representing a natural trap where 

fossil remains occur. These deposits are rich in fossil remains of vertebrate, generally in a 

good state of preservation and often recovered in anatomic connection. Despite the filling 

of these deposits is casual, the mammal faunal association widely reflects the 

palaeoenvironmental and paleoecological conditions of the area. Unfortunately, due to the 

fragmentary stratigraphic and geomorphological evidence, the fossil remains are mainly 

dated biochronologically based on the large vertebrate faunal assemblages they contain. 

According to the geological setting, the Apulian fossiliferous sites can be subdivided in three 

main regions: the Gargano, Murge and Salento (Fig. 3) (Tab. 1).  
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Region Site Reference  

Gargano 

Ingarano Capasso et al., 1992; Petronio et al., 1996; Bedetti & Pavia, 2007; this work 
Vieste Di Stefano & Di Canzio, 2005 
Grotta Paglicci Palma di Cesnola, 1974; 1993; Boscato 1994; 2001 
Grotta B di Spagnoli Sala, 1978; Guerri et al., 2017 

Murge 

Grotta Santa Croce Cardini, 1955; Segre & Cardini, 1985; Ranaldo et a., 2017; this work  
Grotta della Masseria del Monte Anelli, 1959 
Grotta dei Ladroni Cardini, 1948; Ritrattore, 1958; Biddittu, 1985; this work 
Grotta di Lamalunga Tagliacozzo, 1995; Lari et al., 2015 
Grotta delle Mura Anelli, 1957; Castiglioni & Palma di Cesnola, 1967; Bon & Boscato, 1993 
Grotta della Jena Guiscardi, 1975; Anelli, 1956; 1960; this work 
Grotta L. Migliorini Guerri (1980a, b, c, 1982-83; 1987) 
Contrada Monticelli Luperto Sinni & Colucci, 1985; Mazza & Varola, 1999; Mecozzi et al., 2017; this work 
Grotta Santa Maria d'Agnano - esterno Renaut-Miskovsky et al., 2011; Baills, 2015; Coppola et al., 2017; this work 
Grotta Sant'Angelo Cassoli & Tagliacozzo, 2001; Casavola, 2005 
Tana delle Iene Giaccio & Coppola, 2002; Conti et al., 2010; 2012 
Grotta Laceduzza Donadeo, et al., 1973; Coppola, 2005; this work 
Riparo l'Oscurosciuto Boscato & Crezzini, 2012; Spagnola et al., 2016 
Castellaneta De giorgi, 1877; This work 
Cava Spagnulo Tramonti, 1974; Mecozzi et al., 2018; this work 

Salento 

Avetrana Petronio et al., 2008; Pandolfi et al., 2013; Mecozzi & Bartolini Lucenti, 2018; this work 
Cardamone Botti, 1990; Rustioni et al., 2003; this work 
Sternatia Rustioni et al., 1994 
Grotta del Cavallo Palma di Cesnola, 1963; Sarti et al., 1998; 2002; Zanchetta et al., 2018 
Grotta dell'alto Borzatti von Löwestern, 1966; Borzatti von Löwestern & Magaldi, 1967 
Grotta di Capelvenere Borzatti von Löwestern, 1961; Giusti, 1979; 1980 
Grotta Martio Bernardini Borzatti von Löwestern, 1979; Carmigiani & Romagnoli, 2017 
Grotta Uluzzo C Borzatti von Löwestern, 1963; 1964; 1966; Borzatti von Löwestern & Magaldi, 1969 
Riparto Marcello Zei  Dantoni & Nardi, 1981 
Serra Cicora A Spennato, 1981; Campetti, 1986 
Fondo Cattìe Cremonesi et al., 1980; Corridi, 1987; 1989; Borognini Tarli, 1989 
Melpignano De Lorentis, 1957; Cardini, 1958; Bologna et al., 1994; Pandolfi et al., 2017; this work 
San Sidero Cardini, 1958; De Giuli, 1980; 1983; this work 
Grotta del Sarcofago Di Stefano et al., 1992; this work 
Grotta dei Cervi Graziosi, 1980; Graziosi et al., 1980; Guerri, 1986; Groth et al., 2001 
Grotta delle Veneri Cremonesi 1966; Cremonesi, 1970; Mallegni et al., 2000; Astuti & Grifoni Cremonesi, 2012 
Grotta delle Striare Cigna & Orlandi, 1954; Orlandi & Cigna, 1955; 1956; this work 
Grotta Romanelli Blanc, 1920; 1928; Piperno, 1974; Sardella et al., 2018; this work 
Grotta Zinzulusa Botti, 1874; Blanc & Cardini, 1958; Lazzari, 1958; this work 
Fondo Focone Cardini, 1963; Cancellieri, 2017; this work 
Sant'Ermete Cremonesi 1980a; Ingravallo, 1997 
Grotta Montani Cremonesi, 1980b; Sorrentino, 1980 
Grotta delle Prazziche Borzatti von Löwestern, 1965; 1966; 1969 
Grotta delle Cipolliane C Palma di Cesnola, 1962; Sammarco & Parise, 2005 
Gagliano del Capo this work 
Grotta dei Giganti Blanc, 1958; Blanc et al., 1958; this work 

Grotta del Diavolo Botti, 1871; Matronuzzi et al., 2007; this work 
Gortta delle Tre Porte Blanc, 1958; Blanc et al., 1958; this work 

 
Tab. 1 – Late Pleistocene sites from the Apulia divided in three regions: Gargano, Murge and Salento. 
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4.1 Studied fossiliferous sites 
 
4.1.1 Gargano 
 
Ingarano 
 
The fossiliferous deposit of Ingarano is located in the north-western area of the Gargano 

promontory (at elevation 270 m s.l.m.) in an abandoned cave along the Gargano railway, 

nearby Apricena (Foggia, South Italy) (Fig.3). The Ingarano deposit was interpreted as 

karstic filling succession within the Jurassic-Cretaceous limestone of the “Calcare di 

Sannicandro” Formation (Capasso & Barbato, 1992; Petronio et al., 1996; Sardella & 

Petronio, 1998; Bedetti & Pavia, 2007). The quarry activity exposed the whole stratigraphic 

sequence, including five different layers, referable to the late Aurelian (Fig. 4) (Petronio et 

al., 1996; Sardella & Petronio, 1998; Bedetti & Pavia, 2007). The first level of the succession 

(A), overlapping the Mesozoic limestone, is a speleothem from a few centimeters up to over 

one meter thick. This level is locally encrusted by phospatic encrustations (level B) 

interpreted as the guano decomposition of the bird colony (Petronio & Sardella, 1998). This 

level is rich in middle- and small-sized vertebrate remains. A matrix-supported conglomerate 

level (C) (small size pebbles) with silty reddish matrix overlies the lower part of the 

succession. A discontinuity surface marks the transition to clast-supported breccia (average 

size clasts: 5 cm to 15 cm), from 2 m to 4 m thick (level D). The succession is capped by 

matrix-supported breccia (average size clasts: 5 cm to 15 cm) (level E).  

 

 
Fig. 4 – Ingarano deposit. a: schematic log of the succession (see the text for the description); b: the infillng 
succession; c: detail of the volcanic layer.  
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At the base of this level, a tephra was discovered during the geological surveys carried out 

in the 2018. Unfortunately, the bad state of preservation of the volcanic material prevented 

the analysis and its chronological definition (Giaccio pers. comm.) (Fig. 4c).  

During the 1990s, the quarry activities exposed the surface (a talus) at the bottom of the 

succession, composed by sandy clay in doubtful stratigraphic correlation with the infilling 

succession (Petronio et al., 1996).  This level was subsequently redefined as layer B by 

Petronio & Sardella (1998). The talus is rich in vertebrate remains, including Panthera 

spelaea, Hippopotamus amphibius, Coelodonta antiquitatis, Stephanorhinus hemitoechus 

and Palaeoloxodon antiquus. No fossil remains of these taxa have been recovered from the 

levels B-E.  

Petronio et al. (1996) dated the speleothem with the 238U/234Th method (Tab. 2). The results 

indicate that growth of the speleothem started during the Middle Pleistocene (before of 

361.000 BP). Instead, the phosphatic material from layer B provided an age of 40.000 ± 

2000 years BP (Petronio et al., 2006) (Tab. 2).   

Recently, six fossil remains were dated with radiocarbon method. Albeit they contained 

collagen, the dating failed (Calcagnile pers. comm.).  

 

Sample Uppm Thppm 234U/238U 230Th/234U 226Ra/238U Age  

ING-1 0.172 ± 0.002 < 0.005 1.015 ± 0.020 0.969 ± 0.018 n.d. 361.000 + 110-34 

ING-2 2.768 ± 0.038 0.055 ± 0.005 1.122 ± 0.022 0,417 ± 0.010 n.d. 58.000 ± 2000 

ING-3 2.487 ± 0.074 0.060 ± 0.006 n.d. n.d. 0.604 ± 0.025 100.000 ± 7000 

ING-4 6.759 ± 0.170 0.175 ± 0.010 n.d. n.d. 0.310 ± 0.010 40.000 ± 2000 

 
Tab. 2 – Absolute age from the speleothem samples (modified by Petronio et al., 1996). 

 

Concerning the genesis of the site, it is difficult to classify the deposit as karst infilling due 

to the presence of the speleothems. Indeed, the speleothem is deposited in the cave, with 

humid climatic condition and percolation of water. The formation of the speleothems is the 

result of the different characteristics of the fluids that deposited (e.g. flow regime, 

evaporation, rate of CO2 degassing, water chemistry etc.). Unfortunately, there is no 

documentation of the quarry activities at the time of the discovery of the site, therefore the 

genesis of the deposit remains an open question.  

Few artefacts were discovered in the upper part of the stratigraphy sequence. The flakes, 

blades, scrapers and a Levallois point have been recovered (Petronio et al., 1996). The flint 

represents the raw material. The typological analysis allowed to refer the tools to Mousterian 

facies (Petronio et al., 1996).  
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A number of studies focused on the description of the rich vertebrate fauna of Ingarano site 

(Capasso Barbato et al., 1992; Petronio et al., 1996; Petronio and Sardella, 1998; Curcio et 

al., 2005; Bedetti & Pavia, 2007; Iurino, 2014; Iurino et al., 2015b), including 41 species, 

listed below: Amphibians: Rana sp.; Reptiles: Lacerta sp.; Birds: Circus aeroginosus, Aquila 

chrysaëtos, Falco cherrug, Falco columbarius, Alectoris graeca, Perdix perdix, Columba 

livia, Nyctea scandiaca, Pyrrhocorax graculus, Pyrrhocorax sp., Corvus corone, Corvus 

corax; Mammals: Erinaceus europaeus, Myotis blythi, Oryctolagus cuniculus, Lepus 

europaeus, Arvicolidae indet., Microtus sp., Microtus ex gr. arvalis/agrestis, Terricola savii, 

Apodemus sylvaticus, Eliomys quercinus, Canis lupus, Vulpes vulpes, Ursus arctos, 

Mustela nivalis, Martes sp., Meles meles, Gulo gulo, Crocuta crocuta, Felis sp., Lynx lynx, 

Panthera pardus, Equus hydruntinus, Cervus elaphus, Dama dama, Capreolus capreolus, 

Rupicapra sp., Bos primigenius. In these previous works, the Ingarano succession (level B-

E) was deposited in a short time-span chronologically referred to MIS 3 (Bedetti and Pavia, 

2007). 

The fossil collection was discovered in the 1990s by a research team of the Earth Sciences 

Department of Sapienza University of Rome during some geo-paleontological surveys. The 

studied fossil material of mammals is housed in the PaleoFactory laboratory of Earth 

Sciences Department of Sapienza University of Rome, excepted the skull MGPUTV135415 

stored in the Paleontological Museum of the Turin University. 

The fossil remains are marked with different alphanumeric codes; FG indicate the remains 

coming from the first geo-paleontological surveys (1989-90); specimens without field 

labels/numbers are indicated with IN-, ING-, INGND- and M-, coming from successive geo-

paleontological surveys (Tab. 3). 

 

Label Number 
FG- 801 
IN- 563 
ING- 213 
INGND- 1339 
M-  805 
Total 3721 

 
Tab. 3 – Number of studied fossil remains from Ingarano subdivided for labels. 

 

The fossil sample is in a good state of preservation and several specimens were recovered 

in partial anatomical connection. An exceptional case of conservation is represented by an 

endocast of lynx, that preserves the cephalic anatomical traits (e.g., nasal choanes). 
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The specimens from the level B are strongly encrusted by phosphathic material, while those 

from the level C-E are encrusted by hard brown-reddish calcareous material. Several bones 

coming from the upper part of the stratigraphy sequence (level D-E) show evidence of 

surface abrasions, fluitation or weathering, such as exfoliation or micro-fractures. 

The remains show any sign of bite marks or human butchering and exploiting activity. 

From 3721 fossils, it was possible to taxonomically assess 2988 elements (Tab. 4-5). 
 

 
Tab.  4 – Fossil remains of herbivore taxa studied from Ingarano 

 

The Ingarano faunal assemblage is dominated by carnivorans (2304 remains; 77,1%), 

especially for Vulpes vulpes (55,5%) and Lynx pardinus (14,1%). In particular, the lynx 

remains represent the largest sample known in literature for this specie in the European 

fossil record, including a complete skull, a complete cranium, two almost complete craniums 

and a lot of complete hemimandibles. Of a considerable importance is the presence of the 

wolverine (G. gulo) and dhole (C. alpinus). The last species was never reported in the 

Ingarano faunal list.  

                             Specie                      
Anatomic portion

Palaeoloxodon 

antiquus

Stephanorhinus 

hemitoechus

Coelodonta 

antiquitatis

Equus 

hydruntinus

Hippopothamus 

sp.
Bos 

primigenius

Capra 

ibex

Rubicapra 

rubicapra

Capreolus 

capreolus

Dama 

dama

Cervus 

elaphus

Oryctolagus 

cuniculus

Lepus 

europaeus
Total 

Antler 4

Cranium 2 1 1 6 6 2 1

Upper tooth 7 4 1 8 5 45 20

Mandible 1 1 5 2 5 13 23 3

Lower tooth 2 6 1 1 7 4 59 18

Molars 7

Scapula 3 7 2 1

Humerus 1 2 2 1 1 6 8 2 22

Radius 2 1 1 1 9 2 1

Ulna 1 1 1 6 7 5

Metacarpal 3 2 15 12 5

Carpal 1 8 2 6 3

Vertebra 4 2 7

Rib

Pelvis 4 6

Femur 1 1 2 21 3 6

Patella 1

Tibia 1 1 12 3 8

Malleolar bone 1

Metatarsal 1 2 2 16 2 17

Talus 1 2 4 12

Calcaneous 1 1 1 8 3

Tarsal 4 5

I Phalange 8 1 4 29 8 15

II Phalange 2 1 4 3 7 3

III Phalange 1 8

Total 9 6 37 26 1 8 1 28 10 50 301 114 93 605
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Among the herbivores taxa (20,2%), the most represented species is the red deer (C. 

elaphus) (10,1%). Unfortunately, the straight-tusked elephant (P. antiquus), the hippo (H. 

amphibius), the narrow-nosed rhino (Stephanorhinus hemitoechus) and the wolly rhino 

(Coelodonta antiquitatis) was found exclusively from the talus.  

 

                                         Specie                           
Anatomic portion 

Ursus 
arctos 

Canis 
lupus 

Cuon 
alpinus 

Vulpes 
vulpes 

Felis 
silvestris 

Lynx 
pardinus 

Panthera 
pardus 

Panthera 
spelaea 

Crocuta 
spelaea 

Gulo 
gulo 

Mustela 
sp. 

Martes 
sp. Total 

Cranium 
4 8  71 1 23     1   

Upper tooth 
4 17 1 113 1 13   1     

Mandible 
1 10  109 1 34 1   1 7   

Lower tooth 
2 8  93 2 2 1  3     

Scapula 
 1  31 2 12        

Humerus 
 3  83 3 27 1    4   

Radius 
1 2  81  17        

Ulna 
 3  56  15   2     

Metacarpal 
 27  164 1 58 5  2     

Carpal 
 1  5          

Vertebra 
 1  278  20        

Rib 
   49       1   

Pelvis 
 1  36  13   1   1  

Femur 
 2  44 1 21     2   

Patella 
   1  2        

Tibia 
 5  53 1 14  1      

Metatarsal 
 18  150 2 42 14  1     

Talus 
 4  15  7        

Calcaneous 
 2  42  9        

Tarsal 
 2  7  1        

I Phalange 
1 7  132 5 75 10       

II Phalange 
 2  24  9 3       

III Phalange 
   23  7 2       

Total  13 124 1 1660 20 421 37 1 10 1 15 1 2304 

 
Tab. 5 - Fossil remains of carnivorans studied  from Ingarano 
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4.1.2 Murge 
 

Grotta Santa Croce 

The Grotta Santa Croce site, located near the small village of Bisceglie (Bari, northern 

Apulia) was discovered by F.S. Majellaro in the 1937 (Segre & Cassoli, 1987). The cave 

open at 120 m s.l.m. in the Cretaceous limestone (Calcari di Bari Formation) and is long 

about 130 m. In the preliminary fieldwork, the presence of the Middle Palaeolithic and 

Neolitich was reported (Cardini, 1955; Segre & Cassoli, 1987). The first systematic 

excavations were carried out by Italian Institute of Human Palaeontology (IsIPU) during the 

1950s, under the direction of L. Cardini, P.F. (Segre & Cassoli, 1987; Mallegni et al., 1987; 

Boscato et al., 2006). The infilling deposit continues at outside of the cave, so-called talus 

and long about 40 m, reaching the bed of the small stream so-called Lama di Santa Croce. 

Unfortunately, the talus suffered several human activities for agricultural works, which 

prevented its complete study and excavation.  

The stratigraphic sequence includes several layers from the bottom to up (Fig. 5): 

H: conglomerate matrix-supported  

G: Stalagmitic level 

F: reddish clay with scarce calcareous pebbles 

E: Stalagmitic level 

D: brownish sand, with scarce calcareous pebbles 

C: brown-pinkish sand  

B: brown-greyish sand  

A: reworked brownish sand  

The cave morphology testifies the karst processes took place from early Middle Pleistocene 

onwards in the region. The first level (H) was interpreted as a barren fluvial gravel, 

representing the alluvial infilling of this karst morphology considered in relation to a phase 

of eustatic transgression (Segre & Cassoli, 1987; Mallegni et al., 1987).  

The artefacts referred to Mousterian facies and a fragment of femur attributed to Homo 

neanderthalensis as well as the fossil remains of vertebrate and hearts were recovered from 

the level E. In the upper part of the succession (level A) ceramics attributed to Neolithic and 

fossil remains of vertebrate referred to domestic fauna were discovered (Segre & Cassoli, 

1987).  

In the 1997, after decades of the inactivity, the researcher of the Siena University (P. 

Boscato, P. Gambassini and A. Ronchitelli), in collaboration with the Soprintendeza 

Archeologia, Belle Arti e Paesaggio della Puglia started the new activity fieldwork (Boscato 
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et al., 2006; Arrighi et al., 2009; Randaldo et al., 2017). The trench in the cave exposed by 

Cardini was strongly damaged by both natural factors (e.g., burrow of European badger) 

and illegal excavations (Ranaldo et al., 2017). Therefore, the new excavations focused on 

the talus (trench H of Cardini). Ranaldo et al. (2017) also reported that the vault of the cave 

undergone to several collapses, thus suggesting that the talus was supposed to be near the 

entrance.  

 

 

Fig. 5 –  Grotta Santa croce site.  a) Long section of the site; b) stratigraphy of the excavation on the talus; c) 
schematic stratigraphic section of the trench H « Cardini » (modified by Arrighi et al., 2009). 

 

The level B contained scarce tools referred to Gravettian (Late Palaeolithic), and it was 

dated with radiocarbon method to 24.900 ± 150 BP (cal. 29.986 ± 299 BP) (Arrighi et al., 

2009; Ranaldo et al., 2017). Instead, the level C include scarce artefacts referred to 

Aurignacian and tools referable to Mousterian of doubtful stratigraphic provenance. The 

radiocarbon dating, 31.500 ± 400 BP (cal. 35.480 ± 537 BP), seems to confirm its attribution 

to Upper Palaeolithic (Arrighi et al., 2009; Ranaldo et al., 2017).  

Albeit there are no results for the sample dated with radiocarbon method coming from the 

levels H and D, these were referred to MIS 5 and MIS 4 respectively (Arrighi et al., 2009; 

Ranaldo et al., 2017).  
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The list of mammals recovered from the level D was reported by Segre & Cassoli (1987), 

including: E. caballus (=E. ferus), Rhinoceos mercki (S. kirkbergensis), C. elaphus, 

U. spelaeus, C. crocuta, Leo spelaeus (P. spelaea), C. lupus, V. vulpes and B. primigenius.  

Recently, new material also was discovered from this level and the fossil remains were 

referred to two mammalian species, E. ferus and B. primigenius (Boscato et al., 2006).  

In this work, the fossil remains coming from the level D were studied. The sample was 

recovered by Cardini, and nowadays the material is housed in IsIPU with the progressive 

catalogued number ISIPUGS-. The studied material is in poor state of preservation, partially 

enveloped by a reddish thin limestone crust and highly fragmented. Therefore, even if the 

fossil sample includes more than 400 specimens, only 17 remains have been identified and 

attributed to five mammalian species. E. ferus and B. primigenius are represented only from 

upper and lower isolated teeth. Instead, a right and left fourth metacarpal testify the 

presence of Panthera spelaea. Unfortunately, the presences of red deer and red fox are 

represented by few specimens of doubtful stratigraphical provenance.  

 

Grotta dei Ladroni alla Ripagnola 

During the survey carried out near the village of Polignano a Mare (Bari) several caves 

located along the coast have been discovered. Among these, the Grotta dei Ladroni, open 

at 3 m s.l.m into the calcareous Cretaceous (Calcari di Bari Formation), was reported for the 

first time (Cardini, 1948). The parietal and vault of the cave show litodomi holes up to 5 m 

s.l.m., testifying the oscillations of the level sea in the Mediterranean during the late 

Quaternary.  

The sedimentary succession includes three levels from the bottom to up (Fig. 6):  

- 3: conglomerate matrix –supported; the matrix is a reddish sand; 0,50 m thick 

- 4: reddish clay with scarce fragment of speleothem; 0,80 m thick  

- 5: reddish sand; 1 m thick. 

In Fig. 6, the number 1 indicates the calcareous Cretaceous, whereas the 2 the litodomi 

holes. Biddittu (1985) reported the mammal faunal list: B. primigenius, C. elaphus, D. dama, 

C. lupus, Felis sp., L. lynx, L. europaeus, V. vulpes, U. cfr. arctos, Equus sp., C. aureus, O. 

cuniculus and Dicerorhinus mercki (S. kirkbergensis). Several artefacts were also 

discovered from the deposit, which were referred to Mousterian facies. The raw material is 

represented by calcareous and flinty limestone (Biddittu, 1985).  
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The studied material here described for the first time is stored at the IsIPU, with the 

progressive catalogued number ISIPUGL-.  The sample consists of 135 fossil remains 

identified at specific level.  

a      b  

 Fig. 6 – Grotta dei Ladroni: a) planimetry of the cave (modified by Orofino, 1980); b) stratigraphic sequence 

of the cave. See the text for the description (modified by Biddittu, 1985) 

 

The study of the material allowed to update the mammal faunal list. Among the herbivores, 

the rhino sample was referred to S. hemitoechus. Instead, no remains were attribute to 

equids. All herbivores were represented by few and isolated specimens, excepted for the 

wild rabbit (Tab. 6).  
 

                              Species                                                                                                                                           
Anatomical portion 

Stephanorhinus 
hemitoechus 

Bos 
primigenius 

Dama 
dama 

Cervus 
elaphus 

Lepus 
europaeus 

Oryctolagus 
cuniculus Total 

Antler   1     
Cranium      1  

Isolated upper tooth 1 3 1 2  17  

Emimandible      1  

Isolated lower tooth 1 3  7  14  

Humerus     1   
Ulna      1  

Metacarpal      4  

Femur      1  

Tibia      3  

Metatarsal      3  

Calcaneous      7  

I phalange      4  
Total 2 6 2  9 1  56 76 

 

Tab. 6 – Fossil remains of herbivore taxa studied from Grotta dei Ladroni 
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The carnivore guild included ursid, hyaenid, canid and felid taxa. Most of the sample was 

referred to Grey wolf (Tab. 7). The dental morphology of the ursid material allowed to refer 

it to U. arctos. Instead, an isolated metacarpal testified the presence of the cave lion.  

 

                           Species                                                                                                                                        
Anatomical portion 

Ursus 
arctos 

Canis 
lupus 

Vulpes 
vulpes 

Felis 
silvestris 

Lynx 
pardinus 

Panthera 
spelaea 

Crocuta 
crocuta Total 

Isolated upper tooth 1 3 1      
Isolated lower tooth 1 7  2 3  2  

Humerus   1      
Radius  2   1    
Metacarpal  1    1   
Tibia   1      
Metatarsal  2 1      
Calcaneous  3  1     
I phalange  6 5 12     
II phalange  2       
Total 2 26 9 15 4 1 2 59 

 
Tab. 7 - Fossil remains of carnivorans studied  from Grotta dei Ladroni 

 

Grotta della Jena  

In the Apulia region, many identified and explored natural caves of remarkable importance 

to study the active karst systems and the evolution of the mammal fauna during the late 

Quaternary have been discovered during the last century (Campanella et al., 2005; 

Montenegro et al., 2005; Campanella et al., 2008; Montenegro & Parise, 2012; Parise & 

Montenegro, 2012). In particular, in the territory of Castellana-Grotte (SE Murge, Apulia) 

there are some of the most significant karst systems of the region. Among these, the Pozzo 

Cucù system, discovered in late 1980 during the foundation works for a building at the 

northern outskirts of town, is one of the longest cave system of the Apulia (1 km of 

development) (Montenegro et al., 2005; Montenegro & Parise, 2012; Parise & Montenegro, 

2012).  

In 1995, the cave was declared a Site of Interest for the European Community (SIC, site 

code IT9120010) (Montenegro & Parise, 2012). Most of these karst systems includes 

paleontological material, often found in anatomic connection. This is the case of the 

complete skeleton of the wild cat, found nearby the southern wall in the first sector of the 

cave (Montenegro et al., 2005; Montenegro & Parise, 2012).  
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Discovered in the 1872, Grotta Jena has an historical importance, since it represents the 

first cave in Apulia open to public.  The cave belongs to karst system of Pozzo Cucù and it 

is located to 2 kms from the village of Castellanta (Bari).  

 

 

 
Fig. 7 –  Artwork of the skul of C. crocuta from Grotta della Jena (modified by Guiscardi, 1875) 

 

 
Fig. 9 –  Artwork of the skull of C. lupus from Grotta della Jena (modified by Guiscardi, 1875) 
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The first paleontological study was realized by Guiscardi (1875), who described a skull of 

hyena strongly encrusted with a hard and reddish calcareous matrix (Fig. 7) and several 

remains referred to the Grey wolf, among which a splancnocranium and a mandible (Fig. 8).  

The deposit immediately attracted the attention of several local important personalities. After 

50 years of inactivity, Anelli (1956; 1960) carried out new excavation campaigns in the 1955. 

New fossil material was recovered during these fieldworks and new mammalian taxa were 

identified (Anelli, 1956). In particular, C. elaphus, D. dama, C. capreolus, V. vulpes and C. 

ibex was reported for the first time. The last activity fieldwork was conducted by Cantelli in 

the 1959 (Cantelli, 1983). During these excavations new material was found, but only a new 

species was identified, M. meles (Cantelli, 1983).  

 

 
Fig. 9 – Grotta della Jena: a) planimetry of the cave with the localization of the excavations of the 1959; b) 

stratigraphical section from frontal view; c) stratigraphical section from lateral view (modified by Cantelli, 

1983). 
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The sedimentary succession of Grotta della Jena consists of three different levels  

(Fig. 9). The first is a grey-yellowish clay, including fossil remains of vertebrate. The 

underlies level is the well-developed speleothem outcropping constantly in all the cave. The 

third is a reddish clay, often strongly cemented in a calcareous matrix.  

The study of the fossil material in the previous works show no human exploited activity, bite 

marks or Rodent gnaw mark, artefacts or hearts remains.  

The sample described in this work is stored in two different Italian museums. In the 

Paleontological Museum of Naples is housed the collection of Guiscardi, coming from the 

reddish clay, as well as the second collection recovered during the last century from the 

grey-yellowish clay. Fossil material from the upper part of the succession is also stored at 

the Speleological Museum Franco Anelli (Castellana Grotte, Bari) (Tab.8).  

 

Level Reddish clay Grey-yellowish clay 

Collection Guiscardi Collection Castellana Museum Naples Museum 

                                       Species                              
Anatomical portion 

Crocuta 
crocuta 

Canis 
lupus 

Bos 
primigenius 

Equus 
ferus 

Cervus 
elaphus 

Sus 
scrofa 

Equus 
hydruntinus 

Bos 
primigenius 

Skull 1        
Cranium  2   2    
Upper isolated tooth 2    2    
Hemimandible 1 1 1      
Lower isolated tooth   3 1  1   
Atlas  1       
Vertebrae thoracic  1     4  

Vertebae cervical  2     6  

Vertebra lumbar  1      1 

Scapula  1 1      
Humerus   2    1 1 

Radius  1     1  

Ulna  2       
Metacarpal 2 4 2      
Carpal  1       
Pelvi 3 3     1  

Femur  1       
Tibia  2      1 

Metatarsal  6 2      
Calcaneous  2       
Astragalus   3      
I Phalange  4       
II Phalange  1       
Total 9 36 14 1 4 1 13 3 

Tab. 8 – Studied fossil remains from Grotta della Jena 
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In this work, from the reddish clay only the material collected by Guiscardi has been studied 

(Tab. 8). The sample of Grey wolf includes a splancnocranium, a complete mandible and 

several complete postcranial elements (e.g., femur). Instead, the spotted hyena is mainly 

documented by a partial skull in a poor state of preservation. In the upper part, only herbivore 

taxa have been identified.  

 

Contrada Monticelli  

The site of Contrada Monticelli is located about 5 km south-east of Putignano (Bari) near 

the crossroad between the Strada Statale 172 Putignano-Alberobello and the Strada 

Comunale Monticelli. In the late 1970s, the excavation for building a house exposed a 

deposit bearing abundant fossil vertebrate bones. The works were followed by E. Luperto 

Sinni, who guided the rescue of the materials. The fossiliferous deposit consisted by the 

filling of a karst cavity (locally known as “grave”) formed into a Cretaceous calcarenite 

(Altamura limestones Formation). Unfortunately, the deposit at Contrada Monticelli does not 

exist anymore, and a more accurate dating of the site and/or taphonomic information is 

therefore impossible. 

The deposit was about 11 m thick, consisting of reddish sands and some interbedded 

cinerite levels (Luperto Sinni & Colucci, 1985). Unfortunately, the fossil remains were in a 

poor state of preservation. Luperto Sinni & Colucci (1985) suggested that such a condition 

could have been related to a prolonged transport of bones prior to final deposition. 

The faunal assemblage includes Palaeoloxodon antiquus, Stephanorhinus 

hundsheimensis, bovids, equids, cervids and the canid cranium referred to Canis 

mosbachensis (Mazza & Varola, 1999; Mecozzi et al., 2017). Rhinoceros is the best 

represented taxon (a cranium, a mandible, and some limb bones) and the only one that up 

to now has been studied in detail (Mazza & Varola, 1999). The co-occurrence of the Straight-

tusked elephant and the Hundsheim rhinoceros suggests that this assemblage can be 

referred to the Galerian Mammal Age (Middle Pleistocene). Furthermore, the fossil remains 

of Mosbach wolf represent the southernmost appearance of this taxon in Italian fossil record.  

The material from Contrada Monticelli is stored at the Dipartimento di Scienze della Terra e 

Geoambientali, Università di Bari (Italy). The sample includes 50 specimens, among which 

33 were attributed at specific level. The most represented species is S. hundsheimensis, 

followed by the straight-tusked elephant (Tab. 9). This studied allowed to update the faunal 

list and identify some new species, listed below: E. ferus, B. primigenius, Dama cf. roberti 

and O. cuniculus.   
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Of considerable importance is the presence of D. cf. roberti, representing the southernmost 

occurrence in the European fossil record.  

 
                            Specie             
Anatomical portion 

Palaeoloxodon 
antiquus 

Stephanorhinus 
hundsheimensis 

Equus 
ferus 

Bos 
primigenius 

Dama cf. 
roberti 

Oryctolagus 
cuniculus 

Canis 
mosbachensis Total  

Corn    1     

Tusk 3        

Cranium  1  2 6  1  

Upper tooth         

Mandible  5  5 5 1   

Lower tooth    1     

Molars 4        

Vertebra 5 5       

Rib 4        

Scapula  4       

Humerus  3  2 2    

Radius    1     

Ulna 1 1  1     

Metacarpal 1 4       

Pelvis  2       

Femur 1 5  1   2  

Tibia 1 2 1      

Metatarsal  1 1      

Astragalus    1     

I Phalange    1     

Total  20 33 2 16 13 1 3 88 

Tab. 9 – Fossil remains studied from Contrada Monticelli 

 

Santa Maria di Agnano 

The Grotta di Santa Maria di Agnano (Bari, Apulia) was discovered during the 1960s by the 

Associazione Studi e Ricerche (Studies and Research Association). The systematic 

excavation campaigns of the deposit, started in 1991, continues today. In the long and well 

preserved sedimentary succession, several funerary complexes referred to Late Palaeolithic 

have been discovered during 1991 especially the burials Ostuni 1 and Ostuni 2 (Coppola, 

1992; Vacca et al.,1992; Vacca & Coppola, 1993; Coppola, 2012; Nava et al., 2017). Ostuni 

1 was discovered in an excellent state of preservation with a rich decoration consisting of 

hundreds of perforated shells around her wrists and covering her head (Vacca & Coppola, 

1993). Inside the pelvic region of Ostuni 1, was also found an almost complete fetus in an 

excellent state of preservation, which made Ostuni 1 an unicum in the European fossil 

record. Radiocarbon date for the tibia of Ostuni 1 is 27810-27430 cal BP (Fu et al., 2016). 
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The Ostuni 2 was discovered in strongly embedded in a breccia with reddish-calcareous 

matrix. Radiocarbon dating for the femur of Ostuni 2 is 29310-28640 cal BP (Fu et al., 2016). 

The findings of the human burials made the Grotta di Santa Maria di Agnano a key-site to 

comprehension of the prehistoric human activity and its dispersal in Europe during the last 

30.000 years. In the stratigraphy succession, the human presence extended from the 

Mousterian to Neolithic time (Coppola, 2012; Coppola et al., 2017). Since 2007, the 

excavation campaigns have also been focused outside the cave and fossil remains and 

artefacts referred to Late Paleolithic have been recovered (Baills, 2015; 2016; Coppola et 

al., 2017). To date, the stratigraphy succession of Santa Maria d’Agnano – esterno (SMA-

esterno) consists to nine layers, providing the human presence from Aurignacian to final 

Epigravettian facies.  

The Grotta di Santa Maria di Agnano is located to north-western margin of Risieddi 

promontory, at about 175 m a.s.l. The Murge’s cliffs are composed by two Cretaceous 

formation: the Ostuni and Altamura limestone formation. The cave of Santa Maria di Agnano 

opened at the contact between these different Cretaceous formations (Coppola, 2012; 

Parise, 2012; Parise & Pepe, 2016).  

The excavation area of SMA-esterno deposit is located in the outside part of the cave, close 

to the present entrance, affecting a surface of 21m2. To date, the stratigraphy sequence 

includes at least nine layers (Fig. 10). 

The bottom of the succession shows a brownish clay, about 30 cm thick (US 10, Unit 

Stratigraphic), including a fossil bones of mammals and Aurignacian artefacts. The US 9 is 

chaotic boulder deposit (average size of clasts: 70 cm to 150 cm) with a brownish clay matrix 

(40 cm thick). This layer was dated at 25221 – 24549 Cal Bp with 14C method. The US 9 is 

covered by a brownish silty clay sediment, 10 cm thick (US 8) and it was dated at 26339 – 

25779 Cal Bp with 14C method. The US 7 (10 cm thick) is brownish clay with a few thin 

intercalated beds of tephra. This layer is covered by a reddish-brown clay containing few 

pebbles (average size: 2 cm to 8 cm) (US 6B) (15 cm thick). From the US8, US 7 and US6B 

were discovered fossil bones of mammals and artefacts referred to Gravettian facies. The 

US 6A is a reddish clay deposit including many pebbles (average size: 2 cm to 8 cm) (15 

cm thick). This layer was dated at 18013 – 17587 Cal Bp with 14C method. This part of 

succession is covered chaotic boulder deposit (average size of clasts: 100 cm to 150 cm) 

with a brownish clay matrix (US 5) (50 cm thick). The reddish-grey clay deposit overlies the 

US 5 (US 4C) (50 cm thick) and it was dated at 16745 – 16401 Cal Bp with 14C method. This 

layer is covered by a lenticular and patchy reddish clay (US 4B) (10 cm thick). 



32  

 A reddish-grey clay deposit cap the studied succession (US 4A) (50 cm thick). The top of 

the US 4A was dated at 9692 – 9298 Cal Bp with 14C method. From the US 6B, US 4C, US 

4B and US 4A were recovered fossil bones of mammals and artefacts referred to 

Epigravettian facies.  

The fossil remains here described for the first time were discovered during different 

excavation campaign in 2011, 2015 and 2016. The fossil remains are stored in the Museum 

of Preclassical culture of the southern Murge (Brindisi, Apulia), catalogued with the 

progressive number SMA-E\2011-, whereas specimens coming from 2015-2016 

excavations are indicated with squared (B-D/1-3), cut-off (16-21) and progressive number. 

 

 
Fig. 10 - Stratigraphy of the Santa Maria d’Agnano –esterno (SMA-esterno). See the text for the description.  
 

From 2013 fossils from US8 of SMA-esterno, it was possible to taxonomically assess 752 

elements (Tab.11). The largest part of the collection is highly fragmented and few specimens 

were found in anatomical connection. The sample is in good state of preservation, showing 

a slight brownish thin limestone crust. Many indeterminate elements belonged to long bone 

shaft fragments of large size (bovids and equids) and medium size (cervids) ungulate. Most 

of the bones shows no any evidence of surface abrasions, fluitation or weathering, such as 

exfoliation or micro-fractures, excluding the long transport prior of a final deposition.  

The faunal assemblage from US 8 of SMA-esterno is dominated by Equus ferus (58,1 %) 

(Tab. 10). The aurochs is well represented, whereas the megaherbivores are absent. The 

carnivores are very poor in the studied sample (1,0%). In particular, the leopard is 

represented only by two juvenile specimens.  
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                                 Specie                      
Anatomical portion 

Sus 
scrofa 

Equus 
ferus 

Cervus 
elaphus 

Capra 
ibex 

Bos 
primigenius 

Meles 
meles 

Canis 
lupus 

Panthera 
pardus 

Lepus 
europaeus Total  

Cranium 1 10   1 1 1   
 

Upper tooth 1 59 1  4   
 

 
 

Mandible 2 35 1 1 6 1 1 2 1 
 

Lower tooth 1 67 2 2 15   
 

  
Tooh 

 11   1   
 

  
Scapula 

 8   4      
Humerus 2 39 5 1 36      
Radius 

 12 4  9      
Ulna 

  4  5      
Metacarpal 

 4 1  3      
Carpal 1 5 1  1      

Vertebra 
  4  4      

Rib 
 24         

Pelvis 
 9   8    1  

Femur 
 30 3  16      

Patella 
          

Tibia 1 42 11  44      
Malleolar bone 

          
Metatarsal 1 6 3  5      
Metapodial 1 12 2  4  1    

Talus 
          

Calcaneous 
      1    

Tarsal 
 11 1  1    1  

Sesamoid 
 1         

I Phalange 3 5 3        
II Phalange 

 3   7      
III Phalange 

 3   1      
Long bones  41 20  45      

Total  14 437 66 4 220 2 4 2 3 752 

 
Tab. 10 – Mammal remains from the US8 of SMA-esterno 

 

Grotta Laceduzza 

Grotta Laceduzza is located on the Adriatic coast of the Apulian Peninsula, about 154 m 

a.s.l. (5º10’29’’E, 40º37’21’’N, Southern Italy). The fossiliferous site was discovered by 

Gruppo Speleologico Salentino “P. De Lorentis” (Lecce, Apulia) in 1970. The Grotta 

Laceduzza stratigraphic section includes several levels from bottom to up: bed rock level 

(Cretaceous Limestone), interbedded reddish sand and gravel levels, volcanoclastic level 

and interbedded brownish sand and gravel levels (Fig. 11) (Donadeo et al. 1973; Coppola 

2005).  
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Fig. 11 – Grotta Laceduzza: a – longitudinal section; b – planimetry; c – stratigraphic sequence (modified by 

Donadeo et al. 1973) 
 

Ceramics, Mesolithic artefacts, cranial and postcranial human and mammal fossil remains 

have been recovered from the upper part testifying the human frequentation of the cave 

during the Eneolithic stage (Coppola 2005). In the lower deposits, bone and lithic tools, 

fossils and coprolites were discovered (Coppola 2005, 2012). The study of bone and lithic 

artefacts allowed to refer these deposits to the end stage of the Middle Palaeolithic and the 

early Late Palaeolithic (Spera 2012).  

The fossil materials here described for the first time are housed in the “Museo di Civiltà 

Preclassiche della Murgia meridionale” (Ostuni, Apulia), with a progressive catalogue 

number from LCD-1 to LCD-152. These materials were recovered by a research team of the 

“Dipartimento di Scienze della Terra e Geombientali” of the University of Bari in 2008 and 

the sample is in a good state of preservation. The remains were not found in anatomical 

connection, were often encrusted with reddish sand and show no cut marks, bite marks or 

rodent gnaw marks.  

At present, the mammalian assemblage of the lower deposit of Grotta Laceduzza includes 

several species (Tab. 11-12). In the lower deposit, the presence of Homo neanderthalensis 

is testified by several craniodental remains and long bones. The faunal assemblage from 

Grotta Laceduzza is dominated by ibex and wild horse (Tab. 11). Of considerable interest is 

the sample of M. meles, which includes a complete cranium, hemimandibles and several 

postcranial remains well preserved (Tab. 12). Furthermore, several coprolites have been 

attributed to the spotted hyena. 
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                                  Species             
Anatomical portion Equus ferus Equus 

hydruntinus Sus scrofa Bos 
primigenius Capra ibex Capreolus 

capreolus 
Hystrix 

vinogradovi 
Lepus 

europaeus Total 

Cranium     1     

Upper tooth 12   3 6 1    

Lower tooth 12  4 7 4  1   

Molars 1         

Vertebra     1     

Humerus     1  2 2  

Metacarpal 1 1   1     

Carpal     1     

Femur        1  

Tibia  1  1 1  1 1  

Metatarsal     2 2    

Calcaneous     7   6  

Astragalus        1  

I Phalange     3     

III phalange     2     

Total  26 2 4 11 30 3 4 11 91 

 
Tab. 11 - Fossil remains of herbivores studied from Grotta Laceduzza 

 
                            Species             
Anatomical portion Canis lupus Vulpes vulpes Felis silvestris Meles meles Total 

Cranium    1  

Upper tooth 1 2 1 4  

Mandible 1 5  9  

Lower tooth  1 1 6  

Humerus    1  

Ulna    6  

Metacarpal 2 4    

Femur 1   2  

I Phalange 1 1    

III phalange 1     

Total  7 13 2 29 51 

 
Tab. 12 - Fossil remains of carnivores stuied from Grotta Laceduzza 
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Castellaneta 

The Castellaneta deposit is a karst infilling into the Pleistocene Calcarenite (Monte 

Castiglione Formation) (De Giorgi, 1877). The fossil material was recovered during the 

geological survey in the area by De Giorgi (1877). Albeit the author delegated the study of 

the fossil remains to Botti, the site and mammal discovered in this fissure were never 

described.  

The fossils from Castellaneta is stored at Commercial Technical Institute “Galilei-Costa” 

(Lecce), with progressive number ITCGC-CA-. The studied sample includes 127 remains 

attributed to six mammalian species (Tab.13).  

 
                              Specie             
Anatomical portion 

Equus 
ferus 

Bos 
primigenius 

Cervus 
elaphus Capra ibex Canis 

lupus 
Vulpes 
vulpes Total  

Corn  1 
 

    

Upper tooth 28 22 2  3 1  

Mandible 1 3  1 2   

Lower tooth 28 17 1  5   

Metatarsal  2      

Metapodial  1      

Calcaneous  1      

Astragalus  2 2     

I Falange 1       

III Phalange  3      

Total  58 52 5 1 10 1 127 

 
Tab. 13 – Fossil remains studied from Castellaneta 

 
Cava Spagnulo  
 

In 1974, speleologists of the “Gruppo Speleologico Salentino” discovered the site of Cava 

Spagnulo, previously known as Cava del Piano. The site is located north-west of Pizzuto 

hill, in an abandoned quarry on the “Strada Provinciale 73”, about 1,5 km from the town of 

Grottaglie (Taranto, Apulia). The Pleistocene deposit of Cava Spagnulo are at 190 m a.s.l.  

The outcrop, 20 m long and about 6 m thick, is exposed on a cliff of an old quarry opened 

in the Cretaceous limestone that constitutes the local geological bedrock. The sedimentary 

succession (Fig.12) includes both marine and continental fossiliferous facies, which suggest 

relative sea-level changes during sedimentation (Mecozzi et al., 2018).  
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Fig. 12 – Stratigraphic log of Cava Spagnulo succession 

 

The succession starts with a conglomerate layer, 40 cm thick (unit A), made up of calcareous 

cobbles (average size: 15 cm). This conglomerate grades into a chaotic boulder deposit, 

whose thickness ranges between 100 and 250 cm (unit B), made up of calcareous boulders 

(average size of clasts: 20 cm to 30 cm). This part of the succession is covered by a 

discontinuous marine layer, 0-50 cm thick (unit C), lenticular and patchy, that contains a set 

of marine fauna belonging to Echinoidea, Gastropoda, Bivalvia (Pectinidae), Haex-anauplia 

(Balanidae), Anthozoa, Foraminifera, and is marked by the presence of numerous 

specimens of Cladocora caespitosa.  

The marine deposits are covered locally by cross-laminated sands (Unit D), from 20 to 25 

cm thick. A thin speleothem (Unit E), from 5 to 30 cm thick, overlies Unit D.  

The subsequent part of the exposed succession is made up of reddish continental deposits, 

represented, from the base upwards, by:  

- clast-supported breccia (from 150 to 250 cm thick) (Unit F)  

- matrix-supported breccia with vertebrate remains and lithic industry (from 70 to 120 cm 

thick) (Unit G)  

- reddish clay (from 80 to 100 cm thick) (Unit H).  
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The site was characterized by the presence of large mammal fossil bones associated with 

lithic industry of the Middle Palaeolithic (Tramonti, 1974). Tramonti (1974) claimed the 

presence of several mammal taxa, including proboscidean, which he referred to Elephas sp. 

No figures of the fossils or of the lithic tools were provided.  

The fossil remains described in this work were discovered during two different field surveys, 

in 1974 and 1996, in the quarries of Grottaglie area. The first collection was recovered by 

A. Tramonti, and nowadays the fossil materials are housed in the Technical Institute 

Commercial Galilei-Costa (Lecce), with the progressive catalogue number Cdp76-n. The 

second field survey was realized by a research team of the Department of Earth Science 

and Geoenvironmental, Univerisity of Bari, and the fossil remains were stored in the 

Museum of Preclassical culture of the southern Murge (Ostuni, Brindisi), catalogued with 

the progressive number Cdp96-n. According to original information about previous field 

activities, all the fossil materials were collected in deposits corresponding to the Unit G of 

the succession described in this work.  

The studied materials are in poor state of preservation. Most of them is partially enveloped 

by a reddish thin limestone crust and in some specimens with evidence of surface abrasions. 

The bones, which are represented only by adult specimens, were found fragmented and 

disarticulated. The two collections include 300 fossil remains; 54 of them have been 

identified and attributed to 6 different mammalian species; 248 are fragmented and not 

diagnostic, most of them is long bone shaft fragments. Bite marks, rodent gnaw marks and 

clear evidence of human butchering and exploiting activity have not been recognized on the 

osteological materials.  

At present, the studied faunal assemblage includes Bos primigenius, Cervus elaphus, 

medium-sized Equus ferus, relatively medium-sized Canis lupus, Vulpes vulpes and 

Oryctolagus cuniculus (Tab. 14). In the level G, some artefacts typologically referable to the 

Mousterian facies was also recovered (Mecozzi et al., 2018) 

Tramonti (1974) claimed the occurrence of proboscideans (Elephas sp.) from Cava 

Spagnulo, but no fossil material has been found in the studied paleontological collections, 

to confirm this presence. The occurrence of Palaeoloxodon or Mammuthus could be of great 

biochronological value, being related to different paleoenvironmental scenarios and 

chronology (see Braun & Palombo, 2012 for the discussion).  
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                                 Specie                      
Anatomical portion 

Equus 
ferus 

Bos 
primigenius 

Vulpes 
vulpes 

Cervus 
elaphus 

Canis 
lupus 

Oryctolagus 
cuniculus Total  

Cranium 1   1    
Upper tooth 3 1  2    

Mandible 1 3  3 1   
Lower tooth 13 1  1 1   

Molars 1 1      
Scapula 

    1   
Humerus 

   1    
Radius 

   1    
Ulna 

  3     
Metacarpal 

    1   
Vertebra 

 2      
Tibia 

  1 1  1  
Metatarsal 

    1   
Metapodial 1    1   
Calcaneous 

   1    
Tarsal 

 1      
I Phalange 

   1 1   
III Phalange 

 1      
Total  20 10 4 12 7 1 54 

Tab. 14 – Fossil remains studied from Cava Spagnulo 
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4.1.3 Salento 
 
Avetrana 

A rich mammal assemblage was discovered at Avetrana (Taranto) in 2003 (Bedetti et al., 

2004a). The site is located in an abandoned quarry, and it consists of a fossiliferous karst 

filled deposit within the Early Pleistocene limestone known as “Calcareniti di Gravina”.  

Stratigraphically, the deposits of Avetrana, 4,5 – 5,5 thick, have been divided into nine beds 

and two pockets (Sardella et al., 2005; Petronio et al., 2008; see Fig. 13).  

The pockets are filled with a yellow sandy clay, capped by collapsed boulders. The first 

laminated level is the bed 1, about 30 cm thick, composed by clayey sand with scarce altered 

calcareous pebbles and bones. At the basis, there is a continuous level of calcareous 

pebbles. The bed 2 is a sandy clay about 20 cm thick. This level is covered by a clayey sand 

with rare calcareous pebbles (bed 3), about 20 cm thick. The bed 4, separated from the bed 

3 by an erosional surface, is a sandy clay level, about 20 cm thick, rich in calcareous 

pebbles. The bed 4 is overlapped by a clayey sand with rare calcareous pebbles, about 140 

cm thick (bed 5). The bed 6 is a sand with abundant calcareous pebbles, about 20 cm thick.  

 
Fig. 13 - Photographic and schematic representation of the stratigraphic section of the Avetrana deposit 

modified by Sardella et al. (2005). 
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The faunal assemblage recovered from the deposits has been studied in a number of papers 

(Bedetti et al., 2004a; Sardella et al., 2005; Petronio et al., 2008, Bertè & Pandolfi, 2014; 

Mecozzi & Bartolini Lucenti, 2018; Salari et al., 2019), which includes numerous bird and 

mammalian taxa, such as: Erinaceus europaeus, Microtus (Terricola) savii, Hystrix 

vinogradovi, Lepus cfr. europaeus, Oryctolagus cuniculus, Canis, Vulpes vulpes, Meles 

meles, Mustela putorius, Crocuta crocuta, Lynx lynx, Felis silvestris, Panthera spelaea, 

Stephanorhinus hemitoechus, Hippopotamus amphibius, Sus scrofa, Dama dama, Cervus 

elaphus, Megaloceros sp., Capreolus capreolus and Bos primigenius (Tab. 15). Some lithic 

artefacts were also recovered from this layer and their study is still in progress (Pandolfi et 

al., 2013). 

The bed 7, about 40 cm thick, is composed by clay and large calcareous boulders. The bed 

8 is about 75 cm thick and consists of clay-sandy with calcareous pebbles. The Avetrana 

succession is capped by a clay level about 70 cm thick (bed 9).   

 

                            Level                          
Species 2 3 4 5 6 7 8 

Stephanorhinus hemitoechus X    X  X 

Sus scrofa X   X X  X 

Hipppopothamus amphibius X   X X   

Bos primigenius X X X X X X X 

Capreolus capreolus 
   X    

Dama dama X X X X X X X 

Cervus elaphus X X X X X X X 

Megaloceros sp. 
     X  

Canis lupus X X X X X X X 

Vulpes vulpes X X X X X X X 

Felis silvestris  
      X 

Lynx lynx X   X   X 

Panthera spelaea 
      X 

Crocuta crocuta X   X  X X 

Meles meles X X  X   X 

Mustela putorius 
      X 

Hystrix vinogradovi X      X 

Lepus sp.  X X X    X 

Oryctolagus cuniculus X X   X X X X 

 
Tab. 15 – Mammal list of Avetrana deposit from previous research (Sardella et al., 2005; Petronio et al., 

2008; Pandolfi et al., 2013) 
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The studied material is temporarily stored at the Earth Science University Museum of 

Sapienza, Università di Roma (MUST).  

During the various excavation campaigns, the collected materials were marked with several 

acronyms (A8-; Ave8; Ave-07-; A8C-); specimens without field labels/numbers are indicated 

with “AND-”. The sample includes 2546 remains attribute at taxonomical level. Part of the 

collection was surrendered to “Soprintendenza Archeologica, Belle Arti e Paesaggio, 

Brindisi, Lecce e Taranto”, including mainly fragmented and not diagnostic bone and 

vertebra, ribs and pelvis. The studied material is poorly preserved and few remains are 

partially embedded in reddish-brown limestone concretions, especially from the bed 8. The 

fossils are often fragmented and rarely found in anatomic connection, suggesting a 

prolonged transport prior to the final deposition. Although few lithic artefacts were found in 

the sedimentary succession, the studied material reveal no traces or fractures attributable 

to human activity as well as rodent gnaw marks or bite marks. Unfortunately, large part of 

fossil sample (1781) lack of field labels/number, therefore many stratigraphical data were 

lost (Tab. 16).  

 
Tab. 16 – Mammal remains from the sedimentary succession of Avetrana. Fossils without field 

labels/number are indicated by 2-8.  

 

Species 2 3 4 5 6 7 8 2	-	8
Stephanorhinus	hemitoechus 1 1 2 1 10 15
Sus	scrofa 3 1 2 24 40 70
Bos	primigenius 35 43 2 84 75 91 198 991 1519
Cervus	elaphus 5 6 17 22 8 47 243 348
Dama	dama 8 4 17 10 12 43 246 340
Canis	lupus 1 1 6 43 187 238
Vulpes	vulpes 2 37 39
Crocuta	crocuta 31 31
Felis	silvestris	 1 1
Lynx	pardinus 2 2
Panthera	pardus 5 5
Panthera	spelaea 3 3
Meles	meles 11 11
Mustela	putorius 1 1
Hystrix	vinogradovi 2 2 4

2627
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No remains were attributed to two cervidae taxa reported in previous research, Capreolus 

capreolus and Megaloceros sp. (Tab. 16). Furthermore, few fossils were referred for the first 

time to leopard. Whilst, the lynx sample was attributed to Lynx pardinus.  

However, the previous research reported the presence of some species from bed 2 to bed 

8, such as wild boar, red fox, spotted hyaena, Pardel lynx, Eurasian badger and vinogradovi 

hystrix. Whilst, the cave lion, wild cat and European polecat was reported only from the bed 

8. Most of the studied sample is referred to aurochs (69% of the herbivorous taxa; 60% of 

the sample attributed to taxonomical level), followed by cervids (D. dama and C. elaphus) 

(Tab.17).  

 
Tab. 17 - Fossil remains of herbivore taxa studied from Avetrana 

                               Specie                      
Anatomic portion

Stephanorhinus 
hemitoechus

Sus 
scrofa

Bos 
primigenius

Dama 
dama

Cervus 
elpahus

Hystrix 
vinogradovi Total

Antler 10 21

Corn 1

Cranium 2 3 12 3

Upper tooth 12 201 46 67 2

Mandible 5 21 14 8

Lower tooth 4 11 256 61 46

Scapula 9 4 2

Humerus 4 6 6 8

Radius 1 38 5 10

Ulna 1 7 1

Metacarpal 1 75 24 9

Carpal 2 2 151 4 6

Vertebra 11 1 5

Femur 3 12 2 10

Patella 10 4 1

Tibia 1 28 13 10

Malleolar bone 11 2 3

Metatarsal 3 78 23 20

Metapodial 6 21 6 15

Talus 3 43 14 17

Calcaneous 1 3 30 6 12

Tarsal 2 44 5 11

Sesamoid 83 3 6

I Phalange 2 5 150 29 48 2

II Phalange 2 7 153 34 10

III Phalange 2 69 12

Total 15 70 1511 340 349 4 2204
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Megaherbivores are scarce and no hippo remain was found. Indeed, the second phalange 

attributed to H. amphibius figured (Fig. 5) in Petronio et al. (2008), on the basis of 

morphology and biometry has been here attributed to Stephanorhinus hemitoechus.    

Of considerable interest is the presence of the vinogradovi hystrix, very poor in the European 

fossil record.  

Among the carnivorans, the Grey wolf is most represented species (77% of the carnivorans, 

9,5 % of the mammal sample attributed to taxonomical level), recovered mainly from the 

bed 8 (Tab.18). In this level, the carnivoran guild is well-documented by the presence of red 

fox, spotted Hyaena, wild cat, Pardel lynx, cave lion, Eurasian badger and European polecat.  

In addition, an isolated coprolite referred to Canis lupus was collected from the level 8.  

 
Tab. 18 - Fossil remains of carnivorans studied from Avetrana 

 

 

 

 

 

                                  Specie                      
Anatomic portion

Canis 
lupus

Vulpes 
vulpes

Crcocuta 
crocuta

Felis 
silvestris

Lynx 
pardinus

Panthera 
prdus

Panthera 
spelaea

Meles 
meles

Mustela 
putorius

Cranium 3 3

Upper tooth 37 9 6 1 1

Mandible 34 5 1

Lower tooth 49 6 7 1 2 5

Tooth 11

Scapula 1

Humerus 7 4 1 1

Radius 6 2 1 1

Ulna 5 3 1 1 1

Metacarpal 5 1

Vertebra 3 1

Femur 2 4

Tibia 9 3 2

Metatarsal 6 1

Metapodial 11

Tarsal 1

Talus 5 3

Calcaneous 7 1 1

I Phalange 29 4 6

II Phalange 5 4

III Phalange 2

Total 238 40 31 1 2 5 3 11 1
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Cardamone 

The Late Pleistocene Cardamone site (Lecce) was discovered during the 1872 by De Giorgi 

(Botti 1890). The deposit was located in a region where several quarries are opened for the 

extraction of a Plio-Pleistocene calcarenite. The fossil sample was recovered during the 

spring of the 1872, then the extractive activity of the cave continued until the deposit is 

destroyed. Unfortunately, there are no photo and/or drawn of the deposit and its stratigraphy.  

However, the Cardamone site was an infilling deposit in the Plio-Pleistocene calcarenite, 

which was affected by intense karst activity (Fig. 14). The karst system of Cardamone 

included a funnel-shaped within about 2,6 m, filled by a reddish clay. Above, the deposit 

splits into a three elongated flue-shaped vertical structures to depths of about 15,4 m (Botti, 

1890), filled by a yellowish sand, rich in a vertebrate fossil remains. The underlying level is 

a thin stalagmite layer. These three karstic “pits” confluence in a karst cavity of oval-shaped 

with about 9 m of diameter (Botti, 1890).  

The cavity was partly infilled by yellow-greyish sand, with conglomerate pebbles of 0,05 m 

middle size and marine malacofauna remains, about 1,7 m thick.  

 

 
Fig. 14 – Stratigraphic log of Cardamone  

 

A

B

C

D
Calcarenite

Stalagmite 

Malacofauna

Matrix supported conglomerate

Reddish clay

Vertebrate remains

1 m
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The mammal assemblage from Cardamone was described for the first time by Botti (1890).  

Recently, the fossil material has been revised by Rustioni et al. (2003). Based on the 

presence of the wholly rhino and the wholly mammoth, which are considered as the main 

representatives of the “Mammuthus-Coelodonta Faunal Complex”, the association was 

chronologically attributed to climax of the Late Glacial Maximum (22-18 kyr).  

The fossil collection of Cardamone has been dispersed in several Museum and Institutions: 

Commercial Technical Institute “Galilei-Costa” (Lecce), Museo Civico di Paleontologia e 

Paletnologia di Maglie (Lecce), Palentology Museum of the System Museum of Florence 

University (Firenze), Italian Institute of Human Palaeontology (IsIPU), an isolated 

Mammuthus primigenius tooth is at the Museo di Paleontologia G. Capellini (Bologna). 

The mammal fossil remians described in this work are housed in the Commercial Technical 

Institute “Galilei-Costa” (Lecce), representing the main collection with 1886 specimens 

(Rustioni et al. 2003), and in the Palentology Museum of the System Museum of Florence 

University, with catalogue number IGF- (161 specimen). 
 

Species 

Rustioni et 
al. (2003) ITC "Galilei-Costa" Paleontology 

Museum of Florence 

Total 
remains C UT Ma LT Mo P Total UT LT P Total 

Mammuthus primigenius 97 2  3  5       
Coelodonta antiquitatis 93 2 4 1 2  53      
Equus ferus 542 15 36 13 9    16 33 84  

Bos prigeminius 321 2 83 4 112  43    27  

Capra ibex          1   
Cervus elaphus 28            
Canis lupus 103 48 15 35 25  275      
Vulpes vulpes 436 87 6 125 9        
Crocuta spelaea 28 2 7 2 5  14      
Mustelidae 1            
Erinaceus europaeus 43            
Lepus europaeus  73            
Oryctolagus cuniculus 5            
Total 1770 158 151 183 182 5 385 1064 16 34 111 161 

 

Tab. 19 – Fossil remains from Cardamone from previous research (modified from Rustioni et al., 2003) and 

studied collections. Abbrevations: C – cranium; UT – upper tooth; Ma – mandible; LT – lower tooth; - Mo – 

molar; P – postcranial.  
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In this work, only the craniodental remains of the mammalian taxa were studied, excepted 

for the wolly rhino, the aurochs, the Grey wolf and the spotted hyaena (Tab. 19). In the 

collection stored at Florence Univerisity, a lower molar has been referred to Capra ibex. This 

species was never reported in the previous research. Furthermore, the sample of Canis 

lupus is largest than that reported by Rustioni et al. (2003). Finally, E. ferus is the most 

represented species in the faunal assemblage, followed by Vulpes vulpes and Bos 

primigenius.  

 

Grotta di Capelvenere 

Grotta di Capelvenere, located near the town of Santa Caterina (Lecce), is opened in a in a 

Cretaceous limestone (Calcari di Melissano Formation) at 20 m a.s.l. and about 100 m from 

the current seashore. The cave, discovery in 1960, was only partially excavated in 1971, 

1974 and 1975 (Borzatti von Löwenstern, 1961; Giusti 1979, 1980). Outside the cave, a 

near conglomerate deposit at about 8 m a.s.l. has been referred to Tyrrhenian beach  

(MIS 5e) (Patriarchi, 1980) (Fig. 15). 

 

 
Fig. 15 – Longitudinal section of Grotta Capelvenere and outside deposit (modified from Petrarchi, 1980) 
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The stratigraphic sequence can be divided into two main complexes separated from a 

speleothem (LS): the upper part consists of a brownish soil including domestic fauna, 

ceramics and artefacts referred to Iron age (SP) (Borzatti von Löwenstern, 1961). 

In the lower part (levels 10-1) were found vertebrate fossils and artefacts referred to 

Mousterian facies (Giusti 1979, 1980; Patriarchi, 1980) (Fig. 16). The first level of the 

succession, level 10, is a yellow-reddish cobbles level (size clast of 100-150 cm) in a silty 

sand matrix, about 60 cm thick. The level 9 (about 105 cm thick) is brownish cobbles level 

(size clast of 100-130 cm) in a silty sand matrix, with hearths and iron-manganese nodules. 

This level is covered by brownish matrix supported breccia (level 8), with hearts and scarce 

presence iron-manganese nodules, about 70 cm thick.  

 

 
Fig. 16 – Stratigraphic sequence of Grotta di Capelvenere (modified from Petrarchi, 1980) 

 

The overlapped level is a brownish matrix supported breccia (level 7), with hearts and scarce 

presence iron-manganese nodules, about 55 cm thick. The level 6 is a brownish silty sand 

level, with scarce pebbles and iron-manganese nodules.  

This level covered by a brownish silty sand level (5), about 30 cm thick. The level 4 (30 cm 

thick) is a brownish silty sand level. This level is covered by a brownish silty sand level (3), 

with local calcite crust, about 25 cm thick. The level 2 (35 cm thick) is a brownish sand, with 

local calcite crust. The sequence is capped by a reddish sand (level 1), 30 cm thick.  
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Giusti (1980) redefined the stratigraphic sequence of the lower part of the deposit, dividing 

the ten Mousterian level into sixteen levels named with the letters: 10 (R), 9 (Q-P), 8 (O-N), 

7 (M-L), 6 (I-H), 5 (G-F), 4 (E), 3 (D-C), 2 (B-A), 1 (SRC). Nevertheless, the bags where the 

fossils are stored are marked with numbers (levels 10-1). Therefore, the first stratigraphical 

description has been followed (Giusti, 1979; Petrarchi, 1980) 

The fossil remains of vertebrate were studied by Giusti (1979, 1980), who especially 

identified a rich sample of Aves and small mammals (Tab. 20). The mammal remains of 

Grotta di Capelvenere are stored at Paleontology Museum of System Museum of Florence 

University, with catalogue number (GCV-). The faunal assemblage is dominated by equids 

(E. ferus and E. hydruntinus), followed by C. elaphus (Tab. 22). The carnivoran guild is well 

represented, although each species is poorly documented (Tab. 21). The presence of the 

spotted hyena is testified by the coprolites found in the levels 7, 5, 3 and 2.  

  
                            Level                          
Species 10 9 8 7 6 5 4 3 2 1 

Stephanorhinus cfr. kirchbergensis      X     

Equus ferus X X  X X X X X X  

Equus hydruntinus X X X X X X X X  X 

Equus spex X X X X X X X X   

Sus scrofa 
       X X  

Bos primigenius X X X X X X  X   

Capreolus capreolus 
     X   X  

Dama dama 
          

Cervus elaphus X X X X X X X X X X 

Ursus spelaeus 
     X X    

Canis lupus 
 X X X X X X X X X 

Vulpes vulpes 
   X  X   X X 

Felis silvestris  
        X X 

Lynx lynx 
 X X      X  

Panthera pardus 
    X      

Panthera spelaea 
    X      

Lutra lutra 
     X     

Oryctolagus cuniculus X X X X X X X X X X 

 
Tab. 20 – Mammalian species reported by Giusti (1979,1980). 
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                            Level                          
Species 10 9 8 7 6 5 4 3 2 1 Total 

Equus ferus 4 6  8 32 1 10 7 11  78 

Equus hydruntinus 9 33 15 6 19 7 5 3 3  100 

Sus scrofa 
        1  1 

Bos primigenius 
 2  1 2 9  2 1  17 

Dama cf. clactoniana  
    2 1    5 8 

Cervus elaphus 1  5 7 13 17 6 3  1 53 

Canis lupus 
 2  2 2 1     7 

Vulpes vulpes 
   1  4    8 13 

Felis silvestris  
         10 10 

Lynx cf. pardinus 
  1      1 1 3 

Panthera pardus 
    2      2 

Panthera spelaea 
    1 1     2 

Total 14 43 21 25 73 41 21 15 17 25 294 

 
Tab. 21 – Mammalian species studied from Grotta di Capelvenere 

 

Grotta Mario Bernardini  

Grotta Mario Bernardini (also known as Grotta di Santa Margherita), located along the Ionian 

coast near the town of Santa Caterina (Lecce), was discovered in the 1961 (Borzatti von 

Löwenstern, 1970, 1971). The cave opened into the Cretaceous limestone (Calcari di 

Melissano Formation) near the top of the plateau called Serra Cicora (Borzatti von 

Löwenstern, 1970, 1971) at about 40 m a.s.l. (from catastral tab PU_970). The infilling 

deposit has been divided into four main archeological levels: D, C, B and A, excepted for 

the top of the sequence, where ceramic and artefacts were referred to Iron and Bronze age 

(Borzatti von Löwenstern, 1970, 1971; Carmigiani & Romagnoli, 2017) (Fig. 17). 

From the levels D and B4-1 and AIX-V, artefacts referred to Mousterian facies have been 

found, whereas those from the levels AIV-AI have been attributed to Uluzzian (Borzatti von 

Löwenstern, 1970, 1971; Carmigiani & Romagnoli, 2017). The volcanic material recovered 

in the level B3 (initially indicated as α) has been correlated with that found in the level G of 

the Grotta del Cavallo, dated approssimatively to 109100 ± 900 ka (Sarti et al., 2002; 

Spinapolice, 2008; Douka & Spinapolice, 2012; Spinapolice, 2018; Zanchetta et al., 2018). 

Instead, , the volcanic material from the level AIII (initially indicated as β) has been correlated 

with that found at the top of the level F of the Grotta del Cavallo, dated approssimatively to 

45.700 ± 1.000 ka (Sarti et al., 2002; Spinapolice, 2008; Douka & Spinapolice, 2012; 

Spinapolice, 2018; Zanchetta et al., 2018).  
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Fig. 17 – Stratigraphic sequence of Grotta Mario Bernardini (modified from Borzatti von Löwenstern, 1970). 

The roman number indicate the subdivision followed in this work.  

 

However, considered the stratigraphic constrains from both chrono-cultural facies and 

correlation of the volcanic levels, the deposit has been divided in six main units (indicate 

with roman number) (Fig. 17).  

The vertebrate fauna has never been studied in detail, nevertheless a preliminary mammal 

list was described by Borzatti von Löwenstern (1970, 1971). The mammal remains of Grotta 

Mario Bernardini are stored at Paleontology Museum of System Museum of Florence 

University, with catalogue number (GMB-). The faunal assemblage of Units IV-III is 

dominated by cervids (C. elaphus and D. dama), whereas in the Unit II the most abundant 

species is E. ferus (Tab. 22). The carnivorans are very scarce, with few remains of C. lupus, 

V. vulpes and C. crocuta. The last species is also documented by a coprolite recovered in 

the units VI.  
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                            Level                          
Species VI IV III II Total 

Stephanorhinus sp. 1    1 

Equus ferus 43 1 5 26 75 

Equus hydruntinus 7 1   8 

Hippopothamus sp. 1    1 

Sus scrofa  1 4  5 

Bos primigenius 25 4 21 1 51 

Capra ibex  2   2 

Dama dama 11 11 10 5 37 

Cervus elaphus 45 7 16 1 69 

Crocuta crocuta 1    1 

Canis lupus 2    2 

Vulpes vulpes 2  3 2 7 

Lynx sp. 1    1 

Total 139 27 59 35 260 
 

Tab. 22 – Fossil remains studied from Grotta Mario Bernardini 

 

Grotta Uluzzo C 

The cave, opened into the Creataceous limestone (Calcari di Melissano Formation) at 15 m 

a.s.l., is located in the Uluzzo Bay, near the town of Nardò (Lecce). The deposit and its 

stratigraphic sequence were described by Borzatti von Löwestern (1965b, 1966a) and 

Borzatti von Löwestern & Magaldi (1969) (Fig. 18). The bottom of the deposit consists of a 

white calcareous sand matrix conglomerate (level L) (40 cm thick). This level is covered by 

a massive conglomerate level (I) (50 cm thick). The level H is a reddish matrix supported 

breccia (20 cm thick). The bottom of this level, indicated as H’ (10 cm thick), is a brownish 

sandy silt, rich in fragment of pumice and volcanic glass.  

The bottom of the sequence, a conglomerate level (L), has been referred to the Tyrrhenian 

beach (MIS 5.5) (Spinapolice, 2008; Douka & Spinapolice, 2012; Spinapolice, 2018). 

The overlapped level (G) is a brownish sandy clay (85 cm thick), where some hearts were 

found. The bottom of level G consists of a greyish volcanic sand. The level F (50 cm thick) 

is a brown matrix supported breccia characterized at the top by thin yellowish sand. This 

level is covered by brown-reddish silty sand with scarce clasts (E) (10 cm thick), which is 

purplish clay at the top. The level D (10 cm thick) is a brown matrix supported breccia and 

its bottom includes green volcanic sand. The overlapped level is a matrix supported breccia 

(level C) (18 cm thick). The level B (45 cm thick) is a reddish sand and the bottom consists 

of a grey volcanic sand. The succession is capped by a brown soil (level A) (17 cm thick).  
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The correlation of the volcanic material described in the Grotta Uluzzo C with that found in 

the near site, named Grotta del Cavallo, could provide chronological constrains. The green 

volcanic sand of the level D can be correlated with the tephra found at the top of the level F 

of Grotta del Cavallo, dated at 45.700 ± 1.000 ka (Zanchetta et al., 2018). Instead, the level 

B can be correlated with the Ignimbrite Campana (CI) identified at the bottom of the level C 

of Grotta del Cavallo, dated at 39.850 ± 0.140 ka (Zanchetta et al., 2018). The presence of 

a reworked tephra in the level H’ could represent a marker for the lower deposit, although 

was never studied in detail. Indeed, the lower tephra identified at Grotta del Cavallo, from 

the level G, has been referred to X-6 tephra, dated 109100 ± 900 ka (Zanchetta et al., 2018). 

 

 
Fig. 18 – Stratigraphic sequence of Grotta Uluzzo C (modified from Borzatti von Löwestern 1965b, 1966; 

Borzatti von Löwestern & Magaldi, 1969) 
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Based on the chronocultural facies and chronological constrains, the succession can be 

divided in main units: IV – levels L-H (Mousterian); III – (levels G-E) (Mousterian); - II – levels 

D-C (Uluzzian); I – level A (final Epigravettian). The mammal fauna has never studied in 

detail, although a preliminary assemblage has been listed by Borzatti von Löwestern (1965b, 

1966a).  

The mammal remains of Grotta Uluzzo C are stored at Paleontology Museum of System 

Museum of Florence University, with catalogue number (GUC-). The faunal assemblage 

from the Units IV and II is poor represented and dominated by the Equids in the Unit IV and 

cervids in the unit II (Tab. 23). In the Unit III, the most represented species is B. primigenius, 

whereas the presence of E. ferus and cervids (C. elaphus and D. dama) is well documented. 

There are only few remains attributed to wild boar (S. scrofa) from the unit III. The 

carnivorans are represented by few specimens, excepted for Vulpes vulpes. Furthermore, 

the presence of the spotted hyena is documented by coprolites found only in the unit III (24 

remains).  
 

                            Level                          
Species IV III II Total 

Equus ferus 19 68  87 

Equus hydruntinus 11 8 1 20 

Sus scrofa  8  8 

Bos primigenius 7 128 3 138 

Capreolus capreolus  6 1 7 

Dama dama  48 36 84 

Cervus elaphus 2 59 29 90 

Crocuta crocuta  1  1 

Canis lupus  1  1 

Vulpes vulpes 4 40 1 45 

Felis silvestris  2  2 

Lynx sp.  1   

Meles meles  1  1 

Total 43 370 71 484 
 

Tab. 23 – Mammalian species studied from Grotta Uluzzo C  
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“Ventarole” 

The fossiliferous area of Maglie is located in a region where several quarries are open for 

the extraction of a Miocene calcarenite, known as Pietra Leccese. During the Middle-Late 

Pleistocene, the calcarenite was affected by an intense karst activity that formed an 

articulated fissured network (Selleri et al., 2003; Selleri, 2007). These sub-vertically or 

funnel-shaped karst fissures, locally so-called “ventarole”, were filled with red soils, so-called 

“terre rosse”, in the lower part, and brown soils, so-called “terre brune”, in the upper (Di 

Stefano et al.,1992; Bologna et al.,1994; Pandolfi et al.,2017b). The “ventarole” clay-sands 

sediment do not have characteristics elements allowing to define a stratigraphical 

succession, and the chronological definition can be drawn from correlations with the other 

faunal assemblage located in the nearby areas which have more precise chronological 

attribution (Bologna et al.,1994).   

In 1941, the “ventarole” was discovered by G. Mirigliano and the first report of the vertebrate 

fauna was reported (Mirigliano, 1941). Since then, however, this area has been investigated 

in detail by several scientists. In the late 1950s, the Italian Human Palaeontology Institute 

(IsIPU) led the palaeontological researches in Maglie area directed by D. de Lorentiis (de 

Lorentiis, 1957; Cardini, 1958b). In the early 1980s, further researches have been directed 

by C. De Giuli (De Giuli, 1980; 1983). Since 1990, the investigations in the fossiliferous area 

of Maglie were conducted by a research team of the Department of Earth Science of the 

Sapienza, Univerisity of Rome (Bologna & Petronio, 1994; Bologna et al., 1994; Pandolfi & 

Petronio, 2011; Iurino, 2013; Iurino, 2015; Pandolfi et al., 2017b).  

Albeit a number of studies focused on the description of the vertebrate fauna discovered 

from the Maglie area, the geological framework and the exactly stratigraphical and 

geographical provenance of the vertebrate fossil remains is unclear.  

The vertebrate association recovered from the “terre rosse” of the Melpignano and San 

Sidero sites has long been considered coeval by different author, chronologically referred to 

the earliest Late Pleistocene (MIS 5c-5a) (Mirigliano, 1941; De Giuli, 1983; Bologna et al., 

1994). Instead, those recovered from the “terre brune” has been referred to end of Late 

Pleistocene – earliest Holocene (Pandolfi et al., 2017b).  
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Melpignano 

The Middle Pleistocene-Early Holocene Melpignano site is located along the provincial road 

(SP36) between the small town of Melpignano and Cursi (Lecce, Apulia) (Fig. 19-20). The 

first description of the faunal association was reported by Mirgliano (1941) (Tab.20). Further 

research was carried out by IsIPU, headed by Cardini (1958b), from the “ventarole” of “Cava 

Motta” (Tab. 20). In 1990s, the mammal assemblage coming from the “ventarole” of “Cava 

Nuzzo” (Melpignano) was reported (Bologna et al., 1994) (Tab.24). In last decades, the 

Mirigliano’ palaeontological collection was described by Barbera et al. (2006) (Tab. 24).  

The studied material is stored at several Museum and Institutions: the Mirigliano collection, 

including 148 specimens, is stored at the Palaeontology Museum of Naples University 

Federico II, with catalogue number M- (Tab. 25); the fossils from “Cava Nuzzo”, including 

132 remains, is housed at the PaleoFactory laboratory, Department of Earth Science, 

Sapienza University of Rome, with catalogue number Cur- (Tab. 25); new material from “ 

“Cava della Terra” (M05-; 80 specimens) and “Cava Bianco” (MPND-; MPSD-; 1032 

specimens) is stored at the PaleoFactory laboratory, Department of Earth Science, 

Sapienza University of Rome (Tab. 25); few new specimens (n= 3) from Melpignano are 

stored at the Technical Commercial Institute Galieli-Costa (ITCGC-) (Lecce, Apulia).  

 

 
Fig. 19 – Ventarole from Melpignano filled by “Terre Brune” 
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Fig. 20 – Ventarole from Melpignano filled by “Terre Rosse” 

 

From 2611 fossils of Melpignano, it was possible to taxonomically assess 2121 elements. 

Many indeterminate elements belonged to long bone shaft fragments of large size (bovids 

and equids) and medium size ungulate (cervids). The material is in a good state of 

preservation, rarely enwrapped by a reddish thin limestone crust. The remains were often 

found in partial anatomical connection. Most of the studied sample was referred to juvenile 

individuals, such as tooth and disarticulated long bones (Melpignano = 16,1 %).   

Most of the bones shows no evidence of surface abrasions or fluitation, except for few 

specimens which occur clear signs of weathering, such as exfoliation or micro-fractures, 

excluding the long transport prior of a final deposition. In addition, many fossil specimens 

show traces of manganese.  The fossil materials show no any signs of bite marks or human 

butchering and exploiting activity, excepted for a fragment of the left tibia (MPND556), a 

fragment of the right tibia (MPND557) and a right calcaneous (MPND464) referred to Bos 

primigenius showing a clear signs of bite marks. Therefore, it is possible to suggest that 

carnivorans or humans play no role in the accumulation of fossil remains. 

 

 
 



58  

                                    Author       
Species 

Mirigliano 
(1941)  

Barbera et 
al. (2006) 

Cava Motta 
(Cardini, 
1958b) 

Cava Nuzzo.     
(Bologna et al., 

1994) 

Cava Donno           
(Pandolfi et al., 2017b) 

Palaeoloxodon antiquus X X X X  

Stephanorhinus kirchbergensis X X 
 

  

Stephanorhinus sp.  
  

X  

Equus ferus X X X X X 

Equus hydruntinus  X 
 

X  

Sus scrofa X X 
 

X  

Hippopothamus amphibius X X X   

Ovis sp. X X 
 

  

Bos primigenius X X X X  

Bison priscus  
  

X  

Capra ibex  
  

 x 

Cervus elaphus X X X X  

Dama dama  
 

X X  

Capreolus capreolus  
  

X  

Mustela putorious X X 
 

  

Meles meles  
  

X  

Canis lupus X 
 

X X X 

Canis sp. X X 
 

  

Vulpes Vulpes  X X X X  

Crocuta sp.  
 

X   

Crocuta crocuta  
  

X  

Lynx lynx  
  

X  

Lepus europaeus X 
 

X X  

Lepus corsicanus  
  

 X 

Oryctolagus cuniculus X     X X 

Tab. 24 – Late Pleistocene mammalian species recorded from the “Ventarole” of Mepignano in previous 

researches 
 

The faunal assemblage from Melpignano is dominated by cervids (Melpignano = 33.0%) 

and the European rabbit Oryctolagus cuniculus (Linnaeus, 1758) (Melpignano = 41,3%).  

The bovids and equids are well represented, whereas the elephants, rhinos and hippos are 

very poor. Among the carnivorans, the most abundant species is the wolf, whereas the 

mustelids are represented only by few specimens 

The rich mammal fossil collections discovered from the “ventarole” in the Maglie area have 

been dispersed to different museums and institutions from the early stages of the 

excavations, making a strong difficult to assess and study the materials. Most of the studied 

fossil samples was discovered from the 1940s to the end of the 1990s by several research 

team and stored in several Paleontological Museums and University laboratories.  
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The review of the first paleontological sample, Mirigliano collection, coming from Melpignano 

highlights that part of the material was lost and several species are no longer represented, 

such as Lepus sp., Oryctolagus cuniculus, Ovis sp. and Cervus elaphus. In particular, red 

deer (C. elaphus) was the most represented species reported by Mirigliano (1941)  

(Tab. 25), with 35 fossil remains (32%). Recently, the Mirigliano’ collection was revised by 

Barbera et al. (2006) (Tab.25). The authors reported most of the sample described by 

Mirigliano (1941), including the red deer fossils. However, also partial of the sample of 

narrow-nosed rhino (Stephanorhinus hemitoechus), hippo (Hippopothamus amphibius), 

polecat (Mustela putorius) and Grey wolf (Canis lupus) was lost.  

In this work, also a small part of Cardini collection stored at the IsIPU was restudied after 

about 50 years. Nevertheless, the material coming from “Cava Motta” of Melpignano as well 

as most of sample coming from “Sant’Isidoro” of San Sidero is stored at Paleontolgy 

Museum of Maglie (Lecce) and unfortunately was impossible to study them.  

Cardini (1958) reported a preliminary analysis of the vertebrate fossil materials recovered 

from these deposits, where the most common taxa were the fallow deer, aurochs and wild 

horse (Tab. 25). 

In 1990s, the faunal remains coming from “Cava Nuzzo” of the Melpignano were studied in 

detail (Bologna, 1992; Bologna et al., 1994) (Tab. 24), especially few postcranial remains of 

bovid have been referred to Bison priscus (Bologna & Petronio, 1994).  

The presence of Coun alpinus was reported by Petrucci et al. (2012), on the basis of the 

material housed at the Museo Civico di Palentologia e Paleoetnologia di Maglie (Lecce).  

In last decades, new fossil materials were discovered from “Cava della Terra” and “Cava 

Bianco” of Melpignano. The new data of the fossil materials allow to update the faunal list 

of the mammals coming from Melpignano (Tab. 25). In particular, the occurrence of 

Megaloceros giganteus from Melpignano is reported for the first time (Tab. 25). Furthermore, 

the study of the material allows to refer the rhino and lynx remains, previously attributed to 

Stephanorhinus kirchbergensis and Lynx lynx, to S. hemitoechus and Lynx pardinus 

respectively (Tab.26).  
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                               Collection       
Species 

Coll. Mirigliano Cava Nuzzo Cava della Terra Cava Bianco 
Juvanile 

  
Adult 

  
Total 

  Paleontology Museum 
of Naples PaleoFactory PaleoFactory PaleoFactory 

Palaeoloxodon antiquus 4 3  14 4 17 21 

Stephanorhinus hemitoechus 1   29 8 22 31 

Equus mosbachensis 106 6  59 16 155 171 

Equus hydruntinus 6   31 10 27 37 

Sus scrofa 3 7  44 18 36 54 

Hippopotamus sp. 1   5 3 3 6 

Bos primigenius 24 9 4 210 82 166 248 

Megaloceros giganteus   1 5 2 4 6 

Cervus elaphus X 38 18 169 46 179 225 

Dama clactoniana  68 26 938 109 923 1032 

Dama dama X       

Capreolus capreolus  6 21 31 10 48 58 

Mustela putorius 1     1 1 

Meles meles  2  2  4 4 

Canis lupus 2 11  117 7 123 130 

Vulpes Vulpes  1 2  18 4 17 21 

Crocuta spelaea  5  68 1 72 73 

Lynx pardinus  1  2  3 3 

Lepus europaeus  15  204 27 192 219 

Oryctolagus cuniculus X  2 16 1625 302 1341 1643 

Totale 149 175 86 3571 649 3333 3983 

Tab. 25 -  Fossil remains of mammal studied from Melpignano. X = species reported by Mirgiliano (1941).  

 

San Sidero 

The Middle-Late Pleistocene San Sidero site (Lecce, Apulia) is located along the state road 

(SS16) between Corigliano d’Otranto (Lecce, Apulia) and Maglie (Fig. 22-23). The first 

description of the faunal assemblage was pointed out by Cardini (1958b) from the” 

Venterole” of the “Sant’Isidoro” (synonym of San Sidero) (Tab. 26). A detail study of the 

faunal assemblage from SS3 ventarola of Cava L of San Sidero was reported by De Giuli 

(1980; 1983) (Tab. 26). Finally, the mammals from the SS6 of Cava L were described by 

Turbanti (1975). A preliminary research on new fossil remains from Cava L of the San Sidero 

was carried out by Bedetti et al. (2004b) (Tab. 26).  

Recently, Pandolfi et al. (2017b) described the faunal assemblage recovered from the “terre 

brune” of “Cava Donno” (Corigliano d’Otranto) (Tab.24). In addition, new taxa were reported 
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from the faunal association of the San Sidero, such as Cuon alpinus (Petrucci et al., 2012; 

Iurino, 2013) and Meles meles (Iurino, 2015). 

 
Fig. 21 – Ventarole from San Sidero filled by “Terre Brune” 

 
Fig. 22 – Ventarole from San Sidero filled by “Terre Rosse” 

 

The studied material is stored at several Museum and Institutions: the fossil material of 

Cardini’s collection (31 remains) from Cava E of San Sidero is housed at the Human Italian 

Palaeontology Institute (IsIPU), with catalogue number IsIPU-SS-, whereas the part of the 

sample studied from De Giuli and Turbanti (235 specimens) is stored at the Paleontology 

Museum of System Museum of Florence University with catalogue number IGF- (Tab. 27). 

New material from Cava L of San Sidero (SSND-, SS-, 202 remains) is stored at the 

PaleoFactory laboratory, Department of Earth Science, Sapienza University of Rome  

and at the Palaeontology Museum of University of Turin (PU-, 1473 remains) (Tab. 27). 
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Species \ Localites 
San Sidero C1 
(Cardini, 1958; 

Muci, 1998) 

San Sidero E 
(Cardini, 1958; 

Muci, 1998) 

SS3                 
(De Giuli, 

1983) 

Cava L                  
(Bedetti et al., 

2004) 
SS6 

(Turbanti,1982) 

Palaeoloxodon antiquus X  X   

Stephanorhinus kirchbergensis X   
 

 

Stephanorhinus hemitoechus    X  

Stephanorhinus sp.   X  X 
Equus ferus X X X X X 
Equus hydruntinus  X X X  

Sus scrofa X X  X  

Sus sp.   X   

Bos primigenius X X X X  

Bison priscus    X  

Cervus elaphus  X X X  

Cervus sp. X X    

Dama dama X X X X  

Capreolus capreolus    X  

Meles meles  X  X  

Canis lupus X X X X  

Canis aureus X     

Vulpes Vulpes  X X X X  

Crocuta crocuta   X X  

Hyaena sp.  X    

Ursus sp. cfr. U. spelaeus   X   

Felis silvestris     X  

Lynx lynx    X  

Panthera pardus X X  X  

Panthera sp. cfr. P. leo   X   

Lepus europaeus X X    

Lepus corsicanus    X  

Oryctolagus cuniculus X X X X   

Tab. 26 - Late Pleistocene mammalian species recorded from the “Ventarole” of San Sidero in previous 

researches 

 

From 1973 fossil remains of San Sidero, only 1704 were identifiable to taxonomical level. 

Many indeterminate elements belonged to long bone shaft fragments of large size (bovids 

and equids) and medium size ungulate (cervids). The material is in a good state of 

preservation, rarely enwrapped by a reddish thin limestone crust. The remains were often 

found in partial anatomical connection. Most of the studied sample was referred to juvenile 

individuals, such as teeth and disarticulated long bones (San Sidero = 12,9 %).  

Only the right radius of a young individual of Stephnorhinus hemitoechus (SSND147 

specimen) from Cava L (Paleofactory collection) occurs Rodent gnaw marks. Therefore, it 
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is possible to suggest that carnivorans or humans play no role in the accumulation of fossil 

remains at San Sidero sites.  

 
Tab. 27 – Fossil remains of mammals studied from San Sidero. Abbreviations: J – juvenile; A – Adult; 

T – total. 

 

The faunal assemblage from San Sidero is dominated by cervids (San Sidero = 60,3 %). 

The bovids and equids are well represented, whereas the elephants, rhinos and hippos are 

very poor. Among the carnivorans, the most abundant species is the wolf, whereas the 

mustelids are represented only by few specimens. 

At the first 1980s, the researches in the paleontological area of Maglie were conducted by 

De Giuli (1980; 1983) (Tab. 26). The faunal association from San Sidero described by the 

last author was dominated by red deer, with wild horse, aurochs and wolf well represented. 

Starting from the 2000s, new fossil material was discovered from the Cava L of San Sidero, 

which was partly described by Bedetti et al. (2004b). The collection was dominated by 

cervids, with bovids and carnivores well represented. The new data of the fossil materials 

allow to update the faunal list of the mammals coming from San Sidero (Tab. 27).  

Fissure 1 Fissure 2

IsIPU
Palentology  
Museum of 
Florence 

Palentology  
Museum of 
Florence 

Paleofactory
Paleontogy 
Museum of 

Turin

Paleontogy 
Museum of 

Turin

Stephanorhinus hemitoechus 1 5 10 4 14
Stephanorhinus sp. 8 8 8
Equus mosbachensis 168 37 24 181 205
Equus hydruntinus 7 18 9 9 18
Sus scrofa 6 2 2 6 8
Hipppopotamus sp. 1 1 1
Bos primigenius 1 14 4 2 4 17 21
Cervus elaphus 23 2 3 22 25
Dama clactoniana 52 14 38 52
Dama dama 59 278 593 128 802 930
Capreolus capreolus 2 2 2
Meles meles 1 1 2 2
Canis lupus 25 42 38 2 103 105
Cuon alpinus 2 2 2
Vulpes Vulpes 6 2 4 3 9 12
Crocuta crocuta 1 9 4 1 15 15
Panthera pardus 7 6 13 13
Lynx pardinus 1 6 9 2 1 17 18
Felis silvestris 8 8 8
Lepus europaeus 9 3 12 12
Oryctolagus cuniculus 21 11 146 56 10 224 234
Totale 31 176 59 230 512 696 220 1485 1705

J A T
                         Localites        
Species

Cava E SS6 SS7 Cava L
Cava L 
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Grotta del Sarcofago 

The site was discovered during the geo-paleontological survey carried out of the team of the 

Earth Science Department of Sapienza Rome University in the 1990s (Di Stefano et al., 

1992) (Fig. 23). The cave, opened in the Cretaceous limestone (Calcari di Castro 

Formation), is located near the little town of the Porto Badisco (Lecce), facing the Adriatic 

Sea.  

 
Fig. 23 – Grotta del Sarcofago 

 

Intense wheatering processes, mainly represented by the wave, contributed to collapse of 

the vault of the cave and erosion of the sedimentary succession. Few of the deposit is still 

preserved and scattered outcrops in the site, making difficult understand its stratigraphical 

relationship. Moreover, the infilling deposit consist of several levels from the bottom to up: 

- conglomerate, thick about 0,70 m, including fossil remains (a);  

- thin speleothem, few centimetres thick (a2); 

- matrix supported breccia with reddish clay matrix and pebbles from 0,05 m to 0,15 m, about 

2 m thick (b);  

 - speleothem, 0,40 m thick (c);  

- clast supported breccia with reddish clay matrix and pebbles from 0,05 m to 0,5 m, about 

1 m thick (d);  

- thin speleothem, few centimetres thick (d2). 
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Fig. 24 – Palaeoloxodon antiquus from the Grotta del Sarcofago 

 

The fossil remains are strongly cemented, often incorporated in the breccia, therefore their 

extraction or even their observation is often difficult (Fig. 24). 

However, although the specimens are in poor state of preservation, several species can be 

identified (Tab. 28). In particular, the megaherbivores were found only from the lower part 

of the deposit (level a and b) (Tab. 28). 

 

Species a b d 
Palaeoloxodon antiquus X X  
Stephanorhinus sp. X   
Sus scrofa  X  
Equus sp.   X 
Equus hydruntinus   X 
Hippopothamus sp. X   
Bos primigenius  X  
Dama sp.  X X 
Cervus elaphus  X X 
Crocuta crocuta   X   
    

Tab. 28 – Fossil remains from Grotta del Sarcofago. a, b and d indicate the level (see the text for the 

description).  
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Grotta delle Striare 

The Grotta delle Striare sites includes several caves, North-South exposed, located along 

the road connecting Castro to Santa Cesarea Terme (Lecce). This cave complex was 

discovered by P.E. Stasi during the 1879, but only in the 1950s was carried out the first 

excavations under the direction of G. Olrlandi (Cigna & Orlandi, 1954; Malviglia, 1955; 

Orlandi et al. 1955, Orlandi & Cigna, 1956).  

The deposit consists of 13 levels from the bottom to up (Fig. 25):  

-yellow sand, about 20 cm thick (A);  

- matrix supported breccia, about from 90 to 60 cm thick (B); 

- speleothem, about from 10 to 15 cm thick (C);  

- matrix supported breccia, about 120 cm thick (D);  

- clast supported breccia, about 10 cm thick (E);  

- reddish clay, about 20 cm thick (F); 

- tephra, about 10 cm thick (G);  

- matrix supported breccia, about 30 cm thick (H);  

- clast supported breccia, about 20 cm thick (I);  

- speleothem, about 10 cm thick (L);  

- reddish clay, about from 80 to 140 cm (M);  

- tephra, about 8 cm thick (N);  

- speleothem, with rare stalagmite (O). 

 
Fig. 25 – Grotta delle Striare infilling deposit. a: entrance of the cave; b: top of the succession in the burrow; 

c: bottom of the succession.  
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The two tephra levels were samples during the geological surveys carried out in the 2017. 

Unfortunately, the bad state of preservation of the volcanic material prevented the analysis 

and its chronological definition (Giaccio pers. comm.) 

Few fossil remains were found in the deposit and the mammal list includes the following 

species: Palaeoloxodon antiquus, Rhinoceros merckii (=Stephanorhinus kirchbergensis), 

Sus scrofa, Hippopothamus amphibius, Bos primigenius, Dama dama, Cervus elaphus, 

Ursus sp., Canis lupus, Vulpes vulpes, Felis lynx (=Lynx lynx), Crocuta crocuta, Lepus 

cuniculus (=Oryctolagus cuniculus) (Malviglia, 1955; Orlandi & Cigna, 1956; Di Stefano et 

al., 1992). Cigna & Orlandi (1954) stated that level L (speleothem) separated the warm 

faunal association (includes mainly the megaherbivores), in the lower part of the deposit, 

from the cold one in the upper.  

The lithic industry has been referred to Mousterian facies (Middle Palaelotich) (Orlandi & 

Cigna, 1956; Palma di Cesnola, 1967). The raw material is represented by calcareous 

(Orlandi & Cigna, 1956).  

Grotta delle Striare is located in the Adriatic coast of the Salentine Peninsula, where the 

coastal slope is characterized by five shore platforms at about 50-60, 40, 15-20, 6-10 and 2 

m a.s.l., respectively (Mastronuzzi et al. 2007). Antonioli et al. (2018) carried out the study 

of the fossil tidal notch in stable area of the Mediterranean Sea, attributing one occurring at 

Grotta delle Striare, at about 8.21 m ± 0.275 a.s.l., to MIS 5.5.  

The studied material includes few fossils stored both at the IsIPU (6 specimens) and 

PaleoFactory laboratory, Earth Science Department (Sapienza, University of Rome) (10 

specimens). Considering the few fossil remains, only several species reported in previous 

studies were identified, such as P. antiquus, Hippopothamus sp., S. scrofa, Dama sp., B. 

primigenius, C. lupus, C. crocuta and O. cuniculus.   
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Grotta Romanelli  

Grotta Romanelli is a cave located in the administrative territory of the Castro (Lecce) 

municipality, at the south-eastern extremity of Apulia (southern Italy), facing the Adriatic Sea 

(Fig. 26). Grotta Romanelli opens at about 7.3 m a.s.l. and is partially filled with thick deposits 

containing a rich amount of fossil vertebrates and a wide variety of artefacts (Conti et al. 

2017; Giustini et al. 2018; Sardella et al. 2018). Since the beginning of 20th century. Grotta 

Romanelli has been considered a key site for the Mediterranean Quaternary studies, for its 

remarkable importance as the first evidence of the Upper Palaeolithic in the Italian Peninsula 

and the first record of the rock art in the Euro-Mediterranean area (Graziosi 1973; Sardella 

et al. 2018; Sigari 2018). After decades of researches focused on the extensive study of the 

cave and its infilling deposit, the excavation activities ended in the early 1960s. 

Botti became aware of a cave close to Grotta Zinzulusa successively called Grotta 

Romanelli, during an investigation campaign occurred in early 1870s on behalf of the 

Provincial authority of Terra d’Otranto aimed at identifying sites of archaeological and 

palaeontological interest (Botti 1874b; Orlando, 2003). At the time of the discovery, Botti 

reported the inaccessibility of the cave due to a large amount of sediment occluding the 

entrance. Therefore, he focused the attention on the fossiliferous breccia outside the cavity 

(Botti 1874b). Stasi & Regalia (1904) were the first to understand the remarkable importance 

of GR with its rich palaeontological and archaeological content. They divided the 

sedimentary sequence in two distinct portions, the so-called “terre brune” in the upper part 

and the so-called “Bolo” or “terre rosse” in the lower part (Stasi & Regalia 1904).  

In 1914, G.A. Blanc started a pioneering excavation campaign, during which the first 

systematic palaeontological and stratigraphical study with scientific methods was performed 

in Italy (Blanc 1920), and his excavation was attended by eminent scholars as Abbot Breuil, 

L. Cardini, H. Obermaier, C.A Blanc (G.A. Blanc’s son) that directed the excavations since 

1954 alongside with his father, P. Cassoli and P. Graziosi. During the 1960’s, several 

excavation campaigns were carried out by the IsIPU (Istituto Italiano di Paleontologia 

Umana), under the direction of Cardini (Blanc et al. 1962; Cardini 1963; Cardini & Biddittu 

1967) with the participation of M. Piperno, G. Carancini, P. Cassoli, M. Taschini and with the 

support of the Salentine Speleological Group. The main stratigraphic and lithic industry data 

were synthesized in Piperno (1974), after the excavation activities have already ended. 
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Fig. 26 - Panoramic views of the cave from outside (a) and inside (b). 
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Fig. 27 – Schematic log of Grotta Romanelli (modified by Sardella et al., 2018) 

 

The stratigraphic sequence (Blanc 1920, 1928), schematically consists (from the top to the 

bottom) of: (i) an upper complex, called ‘terre brune’ (levels A-E), bearing upper Palaeolithic 

artefacts and vertebrate fauna; (ii) a stalagmitic layer (called level F); (iii) a lower complex 

(G-K) formed by a deposit called ‘terre rosse’ (level G), bearing middle Palaeolithic artefacts 

and vertebrate fauna; a second stalagmitic layer (‘level H’); a bone breccia (level I), and a 

beach deposit (level K) referred to the Tyrrhenian Stage (MIS5) (Fig. 27). Cardini followed 

this subdivision during the subsequent excavation campaigns carried out by the IsIPU in the 

1950s and 1960s (Sardella et al. 2018). 

The upper complex was radiocarbon dated in the 1960s (Bella et al. 1958; Vogel & 

Waterbolk 1963; Alessio et al. 1964, 1965; Sardella et al. 2018). During 1954, Blanc and 

Cardini collected three samples, from layers A, B and D respectively, to carry out C14 dating 

and confirm the palaeoclimatic interpretation inferred from the vertebrate assemblage and 

its relative chronology (Alessio et al. 1964; Sardella et al. 2018) (Tab. 30). The fossil samples 

were dated in the laboratory of the “Sapienza University in Rome” (Bella et al. 1958; Alessio 

et al. 1964, 1965), whereas Vogel & Waterbolk (1963) obtained five C14 dates on charcoal 

(Tab. 29). Recently, Mussi & De Marco (2008) re-calibrated these dates between 10,200 

174±169 cal yrs BP and 14,500 179±759 cal yrs BP, using the CalPal2007_HULU curve.  
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Sample Level Description Age Method Reference 

R-54 A Humic acid 9050±100 yrs BP C14 Alessio et al 1965 
R-58 A Charcoal 11800±600 yrs BP C14 Alessio et al 1964 
R-56 B Humic acid 11960±320 yrs BP C14 Reported by Alessio et al 1964 
R-56 B Humic acid 11930±520 yrs BP C14 Bella et al. 1958 

GrN-2056 A Charcoal 9880±100 yrs BP C14 Vogel & Waterbolk 1963 
GrN-2305 A Charcoal 10320±130 yrs BP C14 Vogel & Waterbolk 1963 
GrN-2153 C Charcoal 10390±80 yrs BP C14 Vogel & Waterbolk 1963 
GrN-2154 C Charcoal 9790±80 yrs BP C14 Vogel & Waterbolk 1963 
GrN-2155 D Charcoal 10640±100 yrs BP C14 Vogel & Waterbolk 1963 

Stalagmite F F Calcite 40000±3250 yrs BP U/Th Fornaca-Rinaldi & Radmilli 1968 
Stalagmite H H Calcite <69000yrs BP U/Th Fornaca-Rinaldi & Radmilli 1968 
Tab. 29 - Age of the Grotta Romanelli: the ‘terre brune’ were dated radiocarbon method, the speleothems 

were dated with 230Th/234Th method. Layer refers to the stratigraphic layers as reported in Blanc (1928). 

 

Two speleothems were also dated with 230Th/234Th method: the first sample dates to 40,000 

± 3,250 yrs BP and was obtained from the stalagmitic layer F embedded between the lower 

complex, containing some remains of Mousterian industry (Piperno 1974), and the upper 

complex containing some remains of Upper Palaeolithic industry (Bietti 2003); the second 

sample, despite being attributed to layer F, comes from layer H and has an apparent age of 

<69,000 yrs BP (no error is associated with this date) (Fornaca-Rinaldi 1968; Fornaca-

Rinaldi & Radmilli 1968; Sardella et al. 2018) (Tab. 29).  

Grotta Romanelli is located along the eastern coastline of the Salentine Peninsula (between 

Otranto and Leuca), where the coastal slope is characterized by five shore platforms at 

about 50-60, 40, 15-20, 6-10 and 2 m a.s.l., respectively (Mastronuzzi et al. 2007). Recently, 

a large database of morphometric measurements and height elevations of fossil tidal notch 

across the Mediterranean as well as a summary of the chronological information has been 

performed (Antonioli et al. 2018). In particular, the fossil tidal notch preserved at Grotta 

Romanelli (9.25 m ± 0.135 a.s.l.) previously referred to MIS5.5 (Blanc 1920) has been 

chronologically referred to MIS 13-11 (Antonioli et al. 2018). 

In the previous excavation campaigns, thousands of vertebrate fossil remains, including 

small and large mammals, birds, reptiles, amphibians and fishes, have been recovered. This 

large sample represents one of the most important Pleistocene fossil record of the Italian 

Peninsula (Stasi and Regalia, 1904; Blanc 1920, 1927, 1928; Cassoli & Tagliacozzo 1997; 

Cassoli et al. 2003; Tagliacozzo 2003). The materials coming from both the most recent and 

oldest complexes of the cave, have been partially studied and published, mostly during the 
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first half of the last century (Stasi & Regalia 1904; Blanc 1920, 1927, 1928), with the 

exception of some archaeozoological works (Cassoli & Tagliacozzo 1997; Cassoli et al. 

2003; Tagliacozzo 2003; among others). In the upper part of the deposit, one hundred and 

nine different bird species were identified on the basis of more than 32,200 remains, 

representing the largest osteological sample of fossil birds from the Italian (Cassoli & 

Tagliacozzo 1997; Cassoli et al. 2003). The majority are temperate species (75% of the 

remains), mainly from steppe and grassland environments (72.6%). Additionally, some 

North Atlantic and subarctic marine species (23%) were also identified (Cassoli & 

Tagliacozzo 1997; Cassoli et al. 2003). Among the avifauna, the occurrence of the great 

auk Pinguinus impennis (=Alca impennis), represented by few exceptionally preserved 

postcranial remains, was reported by Blanc (1927), Cassoli & Tagliacozzo (1997) and 

Cassoli et al. (2003). Besides Grotta Romanelli, this taxon has been reported only from the 

sites of Archi (Calabria) (Ascenzi & Segre 1971; Cassoli & Segre 1985) and Grotta dei 

Fanciulli (Del Campana 1946). 

Within the ‘terre brune’, fish and mammal remains were also recovered and reported by G.A. 

Blanc (1920) and successively by Tagliacozzo (2003) who reviewed this material 

highlighting some species mistakenly reported by Blanc (1920, 1928), such as Crocuta 

crocuta spelaea (=Crocuta spelaea), Lutra lutra and Capra ibex (Tab. 30).  

Concerning the mammal fauna assemblage from the lower complex (K-G), the only available 

data are those reported by G.A. Blanc (1920). 

In 1904, Stasi and Regalia reported also the discovery of human remains from the “terre 

brune” deposit, consisting of one adult and two younger complete skeletons and some 

mandibles (Stasi & Regalia 1904). More human remains were subsequently unearthed 

during other excavations occurred in 1914, 1928, 1954 and 1958 (Fabbri 1987). They were 

studied by Fabbri and now are stored in the IsIPU collection (Fabbri 1987; Sardella et al. 

2018). 

Recently, researches on Grotta Romanelli have been focused on isolated fossil remains of 

rhinoceros and canids. Pandolfi & Tagliacozzo (2013) published a short note on the rhino 

remains from layer I, recovered during previous excavations and stored at the Pigorini 

Museum in Rome (today MUCIV), referring a single fragmented third metacarpal to the 

wholly rhino Coelodonta antiquitatis. Subsequently, Pandolfi et al. (2018) confirmed the 

taxonomic attribution, but reconsidered the stratigraphic position of the isolated metacarpal 

and possibly referred it to the top of layer I. 
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In 2013, the team from “Sapienza Università di Roma,” together with the Archeozoology 

laboratory of the MUCIV, started a detailed study of fossil canids from the so-called “terre 

rosse” (Level G) (Sardella et al. 2014). Several authors discussed the taxonomy of these 

specimens but, despite its peculiar set of characters and its relatively reduced body-size, 

the studied remains were classified as Canis lupus (Sardella et al. 2014).  
 

 
Tab. 30 – The mammal faunal lists from the Grotta Romanelli deposits (modified from Stasi & Regalìa, 1904; 

Blanc, 1920; Tagliacozzo, 2003). Layer refers to the stratigraphic layers report in Fig. 21. T.b.=”Terre brune”. 

B.= “Bolo” or “Terre rosse”.  

 

In 2015, new multidisciplinary research fieldwork began, coordinated by the “Sapienza 

University of Rome” together with other research institutions and with the authorization of 

the “Soprintendenza ai Beni Archeologici della Puglia” - now “Soprintendenza Archeologia 

belle arti e paesaggio di Brindisi, Lecce e Taranto”. The research team had to face the 

consequences of more than forty years of inactivity in the cave and the combined effects of 

erosion and illegal excavations that took place during that time (Conti et al. 2017; Giustini et 

al. 2018; Sardella et al. 2018). 

Despite decades of researches, many open issues on archaeology and geo-palaeontology 

need to be better investigated. As reported by Sardella et al. (2018), some open issues need 

to be resolved as the age of the lower deposits due to the apparent contradiction between 

Table	1	-	The	mammal	faunal	lists	from	the	Grotta	Romanelli	deposits	(modified	from	Stasi	&	Regalia,	1901;	Blanc,	1920;	Tagliacozzo,	2000).	Layer	
refers	to	the	stratigraphic	layers	as	reported	in	Fig.	3.		T.b.	=	“Terre	brune”.	B.=	“Bolo”	or	“Terre	rosse”.	

Stasi & Regalia (1904) Blanc (1920) Tagliacozzo (2000) 

Log Faunal list Layer Faunal list Layer Faunal List 
 
 
 
 
 
 
 
 

T.b. 

 
 
Cervus capreolus (=Capreolus 
capreolus), Cervus elaphus, 
Cervus dama (=Dama dama), 
Ovis sp., Bos primigenius, Sus 
scrofa ferus, Equus asinus, 
Hypudaeus sp., Lepus timidus, 
Lepus cuniculus, Erinaceus  
europaeus, Canis lupus, Canis 
vulpes (=Vulpes vulpes), Canis 
familiaris, Ursus sp., Meles 
taxus (=Meles meles), Lutra 
vulgaris (=Lutra lutra), 
Hyaena crocuta spelaea 
(=Crocuta crocuta spelaea), 
Felis catus ferus (=Felis 
catus),  Homo sapiens, 
Pelagius monachus 
(=Monachus monachus), 
Delphinida,  

 
A 

Equus (Asinus) hydruntinus (=Equus hydruntinus), Bos taurus primigenius (=Bos primigenius), 
Cervus elaphus, Canis lupus, Vulpes vulpes, Meles taxus (=Meles meles), Lepus europaeus, 
Microtus arvalis, Pelasgius monachus (=Monachus monachus) 

 
A 

Equus hydruntinus, Bos primigenius,Cervus elaphus, 
Capreolus capreolus ,Sus scrofa ferus,  Canis lupus, Vulpes 
vulpes, Martes martes, Meles meles, Lepus europaeus, 
Erinaceus europaeus, Felis silvestris 
 

 
B 

Equus (Asinus) hydruntinus (=Equus hydruntinus),  Bos taurus primigenius (=Bos primigenius), 
Cervus elaphus, Sus scrofa ferus, Canis lupus, Vulpes vulpes, Meles taxus (=Meles meles), Lepus 
europaeus, Microtus arvalis, Erinaceus europaeus, Felis sylvestris 

 
B 

Equus hydruntinus, Bos primigenius,Cervus elaphus, 
Capreolus capreolus, Sus scrofa ferus,  Canis lupus, Vulpes 
vulpes, Meles meles, Lepus europaeus, Erinaceus europaeus, 
Felis silvestris, Lynx sp. 
 

 
C 

Equus (Asinus) hydruntinus (=Equus hydruntinus),  Bos taurus primigenius (=Bos primigenius), 
Cervus elaphus, Capreolus capreolus, Capra ibex, Sus scrofa ferus, Canis lupus, Vulpes vulpes, 
Martes martes, Lepus europaeus, Eliomys quercinus, Erinaceus europaeus, Lynx lynx, Felis 
sylvestris 

 
C 

Equus hydruntinus, Bos primigenius,Cervus elaphus, 
Capreolus capreolus, Sus scrofa ferus,  Canis lupus, Vulpes 
vulpes, Martes martes, Meles meles, Lepus europaeus, 
Erinaceus europaeus, Felis silvestris 
 

 
D 

Equus (Asinus) hydruntinus (=Equus hydruntinus),  Bos taurus primigenius (=Bos primigenius), 
Cervus elaphus, Capreolus capreolus, Sus scrofa ferus, Hyaena crocuta spelaea (=Crocuta 
crocuta spalaea), Canis  lupus, Vulpes vulpes, Meles taxus (=Meles meles), Lepus europaeus, 
Felis sylvestris, Lutra lutra 
 

 
D 

Equus hydruntinus, Bos primigenius,Cervus elaphus, 
Capreolus capreolus, Sus scrofa ferus,  Canis lupus, Vulpes 
vulpes,Meles meles, Lepus europaeus, Erinaceus europaeus, 
Felis silvestris 

 
E 

Equus (Asinus) hydruntinus (=Equus hydruntinus),  Bos taurus primigenius (=Bos primigenius), 
Cervus elaphus, Capra ibex, Vulpes vulpes, Lepus europaeus 

 
E 

Equus hydruntinus, Bos primigenius,Cervus elaphus, 
Capreolus capreolus, Canis lupus, Vulpes vulpes, Meles 
meles, Lepus europaeus, Erinaceus europaeus, Felis silvestris 
, Lynx sp. 
 

 
 
 
 
 
 
 
 
B. 

 
 
Cervus dama (=Dama dama), 
Cervus corsicanus (=C. 
elaphus corsicanus), Bos 
primigenius, Hippopotamus 
pentlandi, Elephas antiquus, 
Rhinoceros merckii 
(=Stephanorhinu 
kirchbergensis) Lepus timidus, 
Lepus cuniculus, Erinaceus 
europaeus, Canis lupus, Canis 
vulpes, (=Vulpes vulpes), 
Ursus sp., Hyaena sp., Felis 
catus ferus (=Felis catus), 
Pelagius monachus 
(=Monachus monachus) 

F Capra ibex F  
 
 

G 

Elephas antiquus (=Palaeoloxodon antiquus), Rhinoceros merckii (=Stephanorhinus 
kirchbergensis), Hippopotamus amphibius, ?Hippopotamus pentlandi, Bos taurus primigenius 
(=Bos primigenius),Cervus elaphus, C. elaphus corsicanus, Dama dama, Capreolus capreoulus, 
Equus caballus, Hyaena crocuta spelaea (=Crocuta crocuta spelaea), Meles taxus (=Meles 
meles), Lutra lutra, Oryctolagus cuniculus, Microtus arvalis, Pelasgius monachus (=Monachus 
monachus) 
 

 
 

G 

 

H Cervus elaphus corsicanus, Lepus europaeus, Oryctolagus cuniculus, Vulpes vulpes 
 

H  

 
I 

Elephas sp. (=Palaeoloxodon sp.), Rhinoceros merckii (=Stephanorhinus kirchbergensis), 
Hippopotamus amphibius, Bos taurus primigenius (=Bos primigenius), C. elaphus corsicanus, 
Dama dama, Capreolus capreoulus, Equus caballus, Canis aureus, Sus scrofa ferus, 
Oryctolagus cuniculus, Erinaceus europaeus 
 

 
I 

 

 
K 

Rhinoceros merckii (=Stephanorhinus kirchbergensis), Hippopotamus amphibius, Dama dama, 
Oryctolagus cuniculus 
 

K  
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the supposed archaic nature of the Mousterian artefacts, the vertebrate fauna and their 

position above the supposed MIS5.5 terrace. The new fieldwork has been planned to include 

an extensive and progressive documentation of the present conditions of the cave and its 

infilling deposits, findings included, and the identification of the past excavation areas and 

their impact on the infilling deposit in order to set up geoheritage conservation strategies. 

The new excavation campaigns allow to update the stratigraphical, geological, 

paleontological and archeological data as well as the chronological context.  

Firstly, the main aim of the fieldwork activity was to identify the stratigraphic levels described 

by Blanc (1920). A preliminary comparison of the photographic archive of the first 

excavations reveals a sediment infilling the cave from floor to ceiling in contrast to what it is 

today. For example, a simple comparison with old photos showed clearly that the infilling 

succession was intensely excavated by previous research, removing tons of sediment  

(Fig. 28). 

 

Fig. 28 - Comparative image of the Grotta Romanelli deposits documented by Blanc (1928) and their current 

configuration (2018). 
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Although the trenches made by Blanc are still visible, the lower complex was strongly 

affected by older excavations (Fig. 28). The “terre brune” levels were well-preserved, albeit 

the uppermost layers (A and B?) are most likely lost.  In lower complex, two new levels never 

described in previous research were identified and the older ones were thoroughly 

investigated (Fig. 29-30). According to previous research (Piperno, 1974), the level F is a 

flowstone that is widely variable in thick, and in several parts of the cave covers the collapse. 

The level G (terre rosse) are also variable in thick, from 20 cm to 1,50 cm. 

 

Fig. 29 – Stratigraphic log of the infilling deposit of Grotta Romanelli, Section west, area Sud.  
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Occasionally, it shows well-cemented intercalated level of variable thick (2-5 cm). The 

underlying level is a breccia (I), composed by different corpus with different thick and 

orientation. The top of the breccia shows several pebbles, testifying the sea level changes 

during the Pleistocene. Furthermore, on the top of each breccia level often occurs scattered 

calcitic crusts. The level K, is a conglomerate with malacofauna remains and pumices. The 

underlying level is a reddish-clay level, about 10 cm thick, rich in benthonic foraminifera (M). 

The last is a calcitic level (N), few centimetres thick, that directly covers the bedrock (L).  

 

 
Fig. 30 – Stratigraphic log of the infilling deposit of Grotta Romanelli, Section Sud, area Nord.  
 

In 2015, a digital acquisition work was started to produce an overall 3D model of the cave 

including all the morphological and chromatic details of the previous excavation areas and 

rock engravings (Sardella et al., 2019). The 3D model was conceived as the virtual and 

interactive diary of all the activities affecting the physical space of the cave. When linked to 

a database relative to geological and archaeological/paleontological findings, it becomes a 

powerful interactive archive of all the stages of excavation. 

During the 2015-2017 excavation campaigns, the speleothems outcripping in the cave were 

sampled and submitted for dating with 230Th/234Th method. The analysis was performed in 

the High-precision mass spectrometry and environment change lab (HISPEC) of National 

Taiwan Universitiy (Tab. 31). 
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Sample 
Level  

Weight 
238U 232Th d234U Age (yr BP) 

ID g 
ppba ppb measureda relative to 1950 AD 

GR16-108 F 0,1104 469,4 ± 1,9 0,6748 ± 0,0062 -36,15 ± 5,89 43.296 ± 882  

GR16-115B F 0,1208 295,43 ± 0,72 6,272 ± 0,017 18,73 ± 2,44 115.477 ± 1286 

GR17-280 F 0,1046 354,6 ± 0,68 6,994 ± 0,029 6,13 ± 2,10 112.506 ± 1286 

GR17-015 I 0,1276 5572 ± 11 2564 ± 117 52,65 ± 2,42 218.820 ± 34.265 

GR17-237 I 0,1089 2685,3 ± 5,0 8405 ± 738 27,07 ± 2,36  274.630 

GR17-247 I 0,1154 924,8 ± 1,2 532 ± 12 49,07 ± 1,88 359.965 ± 87386 

GR17-013 N 0,1323 1050,5 ± 1,6 301,8 ± 5,0 87,86 ±  1,82 
 

325.003 ± 39053 

Tab. 31 –Age of the speleothems of the Grotta Romanelli dated with 230Th/234Th method. 

 

During the last excavation campaigns, different faunal remains were selected and submitted 

for 14C dating in order to confirm the chronology of the cave with a higher resolution  

(Tab. 33) (Calcagnile et al., 2019). The results expand and refine the previous chronology. 

Phase D resulted much older, encompassing the Late Pleistocene-Holocene boundary. The 

new age of the uppermost part of the stratigraphy (level B) is quite different from the older 

data, extending the chronology to Mesolithic (Northgrippian, Middle Holocene).  

 

SAMPLE PIT LAB.CODE Phase C/N Ratio 14C AGE 

GR2016-162-US2 (C1) H95 LTL 17303A B 3.9 8397 ± 45 

US1 I89 LTL 17741A C 3.6 9657 ± 65 

GR2016 -154-US988 P84 LTL 17295A C  9774 ± 40 

GR2016- 158-US983 P84 LTL 17299A C 3.6 9822 ± 45 

GR2016-105-US995 O84 LTL 17292A D  11328 ± 60 

GR2016-159-US 998 P84 LTL 17300A C 3.4 10100 ± 80 

GR2016-157-US998 M88 LTL 17298A C  10277 ± 45 

US14 I89 LTL 17740A C 3.6 10295 ± 75 

GR2016-153 H95 (D) LTL 17294A D  10990 ± 50 

GR2016-622-US1004 U89 LTL 17737A D 3.5 11409 ± 85 

GR2016-581-US1005 U 90 LTL 17736A D 3.5 11685 ± 65 

GR2016-156-US1005 Q84 LTL 17297A D 3.3 11829 ± 80 

GR2016-616 U89 LTL 17738A D 3.6 11858 ± 85 

Tab. 32 – Analyzed sample, C/N ratios and conventional 14C age (Modified by Calcagnile et al., 2019) 
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One of the open issue concerns the origin of the ‘terre brune’ and “terre rosse” deposits, that 

were mainly considered of eolian origin, due to the mineralogical composition and the 

morphology of quartz grains. Giustini et al. (2018) performed the sedimentological and 

mineralogical analysis of the ‘terre brune’, representing one of the main palaeoclimatic 

record for the Late Pleistocene-Holocene in southern Italy. The preliminary results confirmed 

what reported in the previous studies on GR as well as the studies from other Italian sites 

where eolian deposits were identified (Giustini et al. 2018).  

Despite decades of research, the mammalian faunal list of the lower currently available is 

those published by Blanc (1920) (Tab. 33).  

 

Specie 
Stati & Regalìa (1901) Blanc (1920) 

G  G  I  K  

Elephas antiquus (=Palaeoloxodon antiquus) X X  
 

Elephas sp. (=Palaeoloxodon sp.) 
  X  

Rhinoceros merckii (=Stephanorhinus krichbergensis) X X X X 

Hippopotamus pentlandi X X  
 

Hippopotamus amphibius 
 X X X 

Equus caballus (=Equus ferus) 
 X X  

Sus scrofa ferus 
  X  

Bos primigenius X X X  

Capreolus capreolus 
 X X  

Cervus dama (=Dama dama) X X X X 

Cervus elaphus corsicanus X X X  

Cervus elaphus 
 X  

 
Ursus sp. X   

 
Canis lupus X X  

 
Canis aureus 

 X X  

Canis vulpes (=Vulpes vulpes) X  X  

Felis catus ferus (=Felis catus) X   
 

Hyaena sp. (=Crocuta sp.) X   
 

Hyeana crocuta spelaea (=Crocuta spelaea) 
 X  

 
Meles taxus (=Meles meles) 

 X  
 

Lutra lutra  
 X  

 
Lepus timidus X   

 
Oryctolagus cuniculus 

 X X X 

Erinaceus europaeus  X  X  

Pelagius monachus (=Monachus monachus) X X     
 

Tab. 33 – Mammalian faunal list reported by previous research (Stasi & Regalìa, 1904; Blanc, 1920). 
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The studied material from the lower complex, which have been recovered during the 

excavations carried out by Blanc and Cardini, excepted for the rhino specimens. The fossils 

are stored at MUCIV (Roma) (3495 specimens), at Museum of Paleontology, University of 

Florence (784 specimens) and at Italian Institute of Human Paleontology (IsIPU) (Anagni, 

Roma) (32 specimens). Also, the new fossils collected during the new excavations (2015-

2019) from the lower complex (G-I), housed at PaleoFactory Laboratory, Sapienza 

Università di Roma, have been studied (515 specimens). The study of fossil collections 

allows to update the mammalian faunal list for the lower complex (Tab. 34). Few fossil 

remains (203) was recovered from the lower K, where the most represented taxa in the 

assemblage are the wild boar (41 remains), the Clacton fallow deer (Dama cf. clactoniana - 

31 remains) and rhino (Stephanorhinus hundsheimensis – 16 specimens; Stephanorhinus 

sp. – 31 speciemens). In the breccia, few remains was recovered in the older and new 

excavations (154 specimens). The fossils are bad preserved and strongly cemented in a 

reddish matrix, rarely with calcareous clast (2-5 cm). Although of the paucity of the sample, 

the Clacton fallow deer (Dama cf. clactoniana) is the most represented species (49 

specimens). The faunal assemblage from the level G (3277 specimens) is dominated by 

Dama dama (80,1% of the sample). The megaherbivores are very rare, whereas the wild 

rabbit is the second taxon of the assemblage (10,4%). Among carnivorans, the Grey wolf is 

most represented species (1.5% of the sample). Of considerable interest is the presence of 

a complete hemimandible attributed to the European otter (Lutra lutra).  
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                          Level                        
Species K  I  G  

Stephanorhinus hundsheimensis X X  
Stephanorhinus hemitoechus   X 
Stephanorhinus sp. X X  
Hippopotamus tiberinus  X X X 
Palaeoloxodon antiquus X X X 
Dama cfr. clactoniana X X  
Dama dama   X 
Cervus elaphus X X X 
Bos primigenius X X X 
Capra ibex X X X 
Capreolus capreolus   X 
Sus scrofa X X X 
Equus ferus   X 
Canis lupus  X X 
Canis sp. X   
Vulpes vulpes X X X 
Felis silvestris   X 
Lynx pardinus X   
Crocuta crocuta  X X 
Meles meles   X 
Lutra lutra   X 
Lepus europaeus X X X 
Oryctolagus cuniculus X X X 
Erinaceus europaeus   X 

Tab. 34 - Mammalian species studied from lower complex of the Grotta Romanelli 
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Grotta Zinzulusa 

The Grotta Zinzulusa, located along the Adriatic coast of the Salentine Peninsula, near the 

town of Castro (Lecce). F.A. Del Duca, bishop of the diocese of Castro, described for the 

first time the cave during the 1793 trough a letter to Ferdinando IV, king of the Due Sicilie 

kingdom. Nowadays, Grotta Zinzulusa is well-known for its geoheritage and is visited 

annually by approximately 70,000 people. 

 
Fig. 31 – Karst system of Grotta Zinzulusa (modified from Lazzari, 1958) 

 

The cave open in the Cretaceous limestone at about 8 m a.s.l. and consists of a well-

developed karst system long about 120 m, including several saloons and two lakes (Fig. 

31). After a century of the discovery, the Pleistocene sedimentary succession and its 

archeological and paleontological content were described by Botti (1874).  
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In the cave, there are several infiling successions so-called Vestibolo, Antro B, Antro C, 

Antro D, Antro E and Duomo (Blanc 1958; Morelli, 1968). Altuhough these deposits were 

studied by several scientists, besides illegal excavations, such as U. Botti, G.A. Blanc, L. 

Cardini, A. Lazzari and D. de Lorentis, the stratigraphic sequence and its paleontological 

and archeological content were never described in detail, excepted for the Antro B (Lazzari, 

1958; Blanc, 1958; Morelli, 1968).  

The paleontological material, housed at Italian Institute of Human Paleontology (IsIPU), was 

recovered from several different successions in the cave, but there are few data on their 

stratigraphy. Based on the original documentation of the excavations carried out during the 

1958-1959 directed by Cardini stored at IsIPU, it is possible to describe the sedimentary 

succession of the Vestibolo and the Antro B (Fig. 32).  

 
Fig. 32 – Schematic log of Grotta Zinzulusa. a – Vestibolo; b – Antro B. 

 

The Vestibolo deposit from the bottom to up consisted of abuot 20-25 cm of sand including 

marine malacofauna (level E). The overlies level (D) is a reddish clay, about 20 cm thick, 

with Middle Palaeolithic artefacts and vertebrate fossil. The speleothem (level C), few 

centimetres thick, separated the level D from a brownish soil about 25 cm thick (level B), 

with ceramics and domestic fauna. A massive speleothem, about 10 cm thick, capped the 

succession.  
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The infilling deposit from Antro B included the bottom to up: a reddish clay (level D), about 

50 cm thick, where Middle Palaeolitich artefacts and vertebrate remains were found. A thin 

speleothem (D1) covers the level D. About 25 cm thick of brown soil overlies the level D1 

(level D2), including Upper Palaeolitich artefacts and vertebrate remains. This level is 

covered by a speleothem (level C), few centimetres thick. The level B is a brownish soil, 

about 15 cm thick, including ceramics and domestic fauna. Unfortunately, the sedimentary 

successions of the Vestibolo and Antro B have been destroyed, therefore cannot be possible 

to obtain new stratigraphical information. Finally, a conglomerate supported breccia 

overlapping the calcareous bed rock was reported.  

The mammal faunal list recovered during the 1958-1959 excavations from the Antro B were 

reported by Cardini (1962) (Tab. 35).  

The fossil remains of mammal are stored at the IsIPU, including 652 specimens attributed 

at specific level (Tab. 35). In the level D, the fallow deer is the most represented species, 

followed by the red fox. Instead, the latter is the first taxon in the level D1. The presence of 

the narrow-nosed rhino, leopoard and European badger is reported for the first time in the 

deposit. 

  Cardini, 1958 Cardini’s collection 
                                  Level                                 
Species D D2 D D2 

Sus scrofa X X 5 7 

Equus ferus X X 10 11 

Equus hydruntinus  X  2 

Bos primigenius X X 21 10 

Capra ibex  X 26 29 

Capreolus capreolus X X 14 5 
Dama dama X  111 20 

Cervus elaphus X X 20 15 

Stephanorhinus hemitoechus   6  
Crocuta crocuta X X 7 12 

Canis lupus X X 15 27 

Vulpes vulpes X X 53 200 

Felis silvestris X X 8  
Panthera pardus    1 
Meles meles   1  
Lepus europaeus X X 8 4 
Hystrix vinogradovi   3  
Homo sapiens       1 

Total     308 344 
Tab. 35 – Fossil remains of mammals studied from Antro B of the Grotta Zinzulusa. 
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Fondo Focone 

The Fondo Focone site is located at 8 kms from the town of Ugento and about 0.2 kms from 

the Ionian Sea, about 4-5 m a.s.l. (Cardini, 1962; Bietti & Cancellieri, 2007). The site is 

composed from two sinkholes with 20 m of diametres separated by calcareous rock. The 

first survey was conducted by D. de Lorentiis, but L. Cardini conducted the first excavations 

in one of two sinkholes in early 1960s (Cardini, 1962). The second, called Pozzo Zecca, 

was investigated during the 1963 by Cardini (Cardini, 1962).  

During the 1970s, the fieldwork stretched on under the direction of E. Segre Naldini, who 

opened a trench, 3 x 3 m, called “Trincea B” (Cancellieri, 2017).  

The sedimentary succession of the Fondo Focone, 2 m thick, include two different complex: 

reddish sediments 0,50 m thick, in the lower part and brownish sediments in the upper part, 

1,50 m thick. Cardini (1962) firstly described both the vertebrate and archeological content.  

 

                                              Species         
Anatomical portion 

Equus 
ferus 

Equus 
hydruntinus 

Sus 
scrofa 

Bos 
primigenius 

Capra 
ibex 

Rubicapra 
rubicapra 

Cervus 
elaphus 

Lepus 
europaeus 

Cranium 1      1 1 

Upper tooth 37 9 1 17   10  

Emimandible 1  1 1 1 2 1 1 

Lower tooth 27 16 3 21 3  17 2 

Humerus       1 1 

Radius   1 1 1   1 

Ulna     3    
Metacarpal 2 2  2 1 1 1  

Carpal    4   3  

Vertebra    1     
Femur    1  1  3 

Tibia  1     1 1 

Malleolar bone    1   4  

Metatarsal 1 1     5  

Talus 1 1   1  1 1 

Calcaneous    3    2 

Tarsal    4 1  1  

I phalange 2   4 1  3  

II phalange 1   2 1    
III phalange 1 1  1   1  

  74 31 6 63 13 4 50 13 
 

Tab. 36 – Fossil remains of the herbivore taxa studied from Fondo Focone. 
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The vertebrate faunal list included: Bos primigenius, Cervus elaphus, Cervus sp., Equus 

caballus (=Equus ferus), Equus hydruntinus, Sus scrofa ferus, Vulpes vulpes, Canis lupus, 

Orcytolagus cuniculus, Lepus europaeus, Erinaceus europaeus, Amphibia sp., Testudo 

graeca and Emys orbicularis, as well as the Aves remains not assigned at specific level. 

The lithic complex, mainly realized in flint, shows a peculiar characteristic, therefore Cardini 

(1962) instituted a new facies for the Upper Palaeolithic of the Apulia, the “Ugentiano”. 

Recently, Cancellieri (2017) restudied the litich complex recovered from the “Trincea B”, 

referring it to the ancient Epigravettian (Upper Palaeolithic).   

The studied collection is stored at the IsIPU, with progressive number IsIPUFF-. The sample 

included 1416, but only 284 were attributed at taxonomical level. The large part of the 

indeterminable remains belongs to shaft of the long bone and ribs of the large- and middle-

sized herbivores. Among the herbivores, the wild horse and the aurochs are the most 

represented species, followed by red deer (Tab. 36). Albeit the carnivorans are poor 

documented, the European badger is well-represented (Tab. 37). 

 

                                        Species         
Anatomical portion 

Canis lupus Vulpes 
vulpes Lynx sp. Meles meles 

Cranium    1 

Upper tooth  1  1 

Emimandible  1  4 

Lower tooth  2 1 6 

Humerus    1 

Radius  1  1 

Ulna    1 

Metacarpal 1 1   
Tibia  1  2 

Metatarsal  1   
Calcaneous  2   
I phalange 1    
Total 2 10 1 17 

 

Tab. 37 – Carnivorans studied from the Fondo Focone 
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Gagliano del Capo 

The site of Gagliano del Capo, located in the centre of this village, was discovered during 

the construction work of a building during the 1980s (Fig. 33).  

 
Fig. 33 – Fieldwork activies in the Gagliano del Capo site (photo comes from the original documentation of 

the archievies of the Soprintendenza Archeologia, Belle Arti e Paesaggio per le Province di Brindisi, Lecce e 

Taranto).  
 

Few remains were recovered in the reddish clay sediment from the autorhities of the 

Soprintendenza Archeologia, Belle Arti e Paesaggio per le Province di Brindisi, Lecce e 

Taranto (Fig. 33). Unfortunately, the site was destroyed and, therefore, no stratigraphical 

and geological data can be detected. The material is housed at the Earth Science Museum 

of Bari University. Depsite the paucity of the sample two species was identified, the wolly 

mammoth (M. primigenius) and the wolly rhino (Coelodonta antiquitatis).  
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Grotta dei Giganti  

The site is a coastal cave located between Punta Ristola and Punta Marchiello, near Santa 

Maria di Leuca (Lecce) (Blanc et al., 1958a,c). The cave was discovered by the Istituto 

Italiano di Paleontologia Umana (ISIPU) during a field survey conducted by G.A. Blanc in 

1936. The name of the cave, “Giganti” (giant) originates from the remains of large mammal 

occur in the breccia located at the entrance (Blanc, 1958a,c).  The author identified a rich 

deposit characterized by a large number of hearts and significant archaeological material 

(Blanc, 1958a). Further investigations were carried out by A.C. Blanc and L. Cardini in 1958. 

The last researches were conducted by L. Cardini and M. Piperno in 1974, later the activities 

were stopped.  

 
Fig. 34 – Infilling deposit of Grotta dei Giganti. (Original sketch drawn by Segre in the 1974; archives IsIPU).  
 
The sedimentary succession was partially described by Blanc et al. (1958) (Fig. 34). The 

original documentation of the excavations is stored at archives of IsIPU.  

The bottom of the sequence includes several conglomerate levels (A, B, C and ?D) (3g). 

The continental succession included from the bottom to up:  

st1: speleothem 

f1-f3 (3f-3c): red soils with scarce calcareous clast, about 2,75 m thick. Mousterian 

artefacts, fireplaces and vertebrate remains were found.  

st2 (3b): speleothem 

sa (3a): reddish sand with calcareous clast, about 1,5 thick. Upper Palaeolithic artefacts and 

vertebrate remains were found. 
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st3: speleothem 

f4 (2): brown-reddish sand. Ceramics and vertebrate remains.  

The fossil sample was never studied, excepted for a faunal list reported by Blanc (1958a). 

At the entrance of the cave a ossiferous breccia occurred, but the fossils were never 

described (Blanc, 1958a). The lithic industry from the level 3f-3c was recently studied by 

Spinapolice (2008, 2009) and Douka & Spinapolice (2012). The raw material is mainly 

represented by flint (47%), followed by limestone (43%) and various other material. Of 

considerable presence are the use of shell of the Callista chione (=Meretrix chione).  This 

bivalve inhabits the sandy layers of clean water below 200 m, facilitating its use as a raw 

material. The lithic complex was attributed to Mousterian facies, whit prevalence of Levallois 

technology (Spinapolice, 2008, 2009; Douka & Spinapolice 2012). Fossil sample was 

submitted to radiocarbon dating in the 1970s (Alessio et al., 1978), but no age was yielded.  

In previous researches, the Mosuterian level was chronologically attributed MIS 4 

(Spinapolice 2008, 2009).  

The fossil collections described in this work are housed at the Italian Institute of Human 

Paleontology (IsIPU) (471 specimens) and Commercial Technical Institute “Galielo-Costa” 

(66 specimens).  

 

                              Species              
Anatomical portion 

Stephanorhinus 
hemitoechus 

Equus 
ferus 

Sus 
scrofa 

Bos 
primigenius 

Dama 
dama 

Cervus 
elaphus 

Crocuta 
crocuta 

Antler     1 1  
Cranium    1    
Upper tooth  19  35 12 14  
Emimandible    1 3 5 1 
Lower tooth 1 23 2 12 24 13 1 
Tooth  7  2 7   
Radius     1   
Metacarpal    1    
Carpal     1   
Metatarsal  2      
Metapodial     1 1  
I Phalange     1 1  
Total 1 51 2 52 51 35 2 

Tab. 38 –Fossil remains of mammals studied from Grotta dei Giganti 

 

The aurochs, wild horse and fallow deer are well-represented, while the megaherbivores 

are documented only by an isolated lower tooth referred to narrow-nosed rhino (Tab. 38). 

Among the carnivorans, only two specimens are attributed to spotted hyaena.  
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Grotte delle 3 Porte 

The coastal cave, discovered by the Istituto Italiano di Paleontologia Umana (ISIPU) during 

a field survey conducted by G.A. Blanc in 1936, is located at Punta Ristola (Santa Maria di 

Leuca, Lecce) (Blanc, 1958a,c). The cave includes three different saloons, where two of 

these, Antro del Bambino and Grotta Titti show a Pleistocene deposit.  

Antro del Bambino is at the north, after a wormhole about 27 m long and about 4,3 m above 

sea level (Blanc, 1958a,c). The sedimentary succession included from the bottom to up a 

reddish clay level (F), with Middle Palaeolithic artefacts, hearts and vertebrate remains.  

The overlying level is a reddish sand deposit (A). The speleothem capped the succession. 

From the level F mammal remains were found, among which a left upper molar attribute to 

Homo neanderthalensis (Blanc, 1958a).  

Grotta Titti, located at eastern part of the cave at the end of a wormhole about 10 m long, 

open at about 4,5 m above sea level (Blanc, 1958a,c). The infilling deposit consisted of a 

conglomerate level overlying the bed rock, attributed to the Tyrrhenian (MIS 5). The second 

level is a reddish clay (F) with scarce calcareous clast, incuding Middle Palaeolithic 

artefacts, hearts and vertebrate remains. A reddish matrix supported breccia (B-E) covers 

the level F. The succession is capped by a reddish sand.  

The studied remains are housed at the Italian Institute of Human Paleontology (IsIPU) (471 

specimens) with progressive number ISIPUGL-. 

The sample from Grotta del Bambino recovered by Cardini’s excavation included 234 

remains, among which 74 identified at taxonomic level (Tab. 39). From 536 specimens 

collected by Segre’s excatavation, only 89 were attributed at specific level. The sample from 

Grotta Titti consisted of 93 remains, but only 44 were identified at taxonomic level. 

The most represented species is the aurochs, followed by red deer. Among megaherbivores, 

only the presence of straight-tusked elephant was reported. The carnivorans are 

represented by scarce remains attributed to several species. Of considerable interest is the 

presence of the cave lion, rarely found in the Italian fossil record.  
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 Previous work New data 
Saloon Grotta del Bambino  Grotta Titti Grotta del Bambino  Grotta Titti 

                                 Author                                  
Species Cardini., 1958a Cardini, 1958a 

Cardini 
collection 

Segre 
collection 

Cardini 
collection 

Palaeoloxodon antiquus X  12 2 1 
Palaeoloxodon sp.  X    
Equus ferus X  24 54  
Equus sp.  X   1 
Bos primigenius X X 25 20 33 
Cervus elaphus X X    
Dama dama X X 7 2 8 
Sus scrofa   2 3  
Stephanorhinus sp. X     
Stephanorhinus kirkbergensis X    
Crocuta crocuta X X  3 1 
Canis lupus    4  
Vulpes vulpes    1  
Panthera spelaea X  3   
Felis silvestris   1   
Oyrctolagus cuniculus  X    
Homo cfr. neanderthalensis X         

Total     74 89 44 
Tab. 39 – Faunal list reported by previous work and fossil remains studied from the Gortta delle 3 Porte. 

 

Grotta del Diavolo 

Botti firstly described the cave during the 1870, opened in the Oligocene limestone (Clacari 

di Castro Formation) at about 2 m a.s.l. (Botti, 1871; Mastronuzzi et al., 2007). The author 

studied vertebrate fossil remains, malacofauna, ceramics and lithic referred to Neolithic from 

the upper part of the deposit and to Mousterian from the lower part (Botti, 1871). The 

chronology of the stratigraphy has been recently redefined by Mastronuzzi et al. (2007) and 

the bottom of the stratigraphy has been dated at Middle Pleistocene (about 340 kyr)  

(Fig. 35). A radiometric dating delimited the bottom of the matrix supported breccia including 

fossil remains (before 146.5 ka) (Mastronuzzi et al., 2007).  

Few mammal fossil materials from the matrix supported breccia are stored at the IsIPU  

(2 specimens) and at Commercial Technical Institute “Galilei-Costa” (10 specimens). The 

paucity of the sample prevents the detailed analysis, nevertheless the presence of the P. 

antiquus, L. pardinus and C. ibex has been identified.  
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Fig. 35 – Grotta del Diavolo: plant (left) and geological cross section (right) of the cave. a: limestone bedrock; 
b – matrix supported breccia; c – conglomerate; d – speleothem; e: marine calcarenite; f – continental 
breccia; g – calcareous block with Lithophaga boreholes (modified from Mastronuzzi et al., 2007).  
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4.2 Sites used for comparison 
4.2.1 Gargano 

Vieste 

The site is located in an old quarry along the road connecting the towns of Mattinata and 

Vieste (Foggia) (Di Stefano & Di Canzio, 2005). The deposit consists of an infilling deposit 

of the funnel-shaped karst fissure open in the Cretaceous limestone (Mattinata Formation) 

(Di Stefano & Di Canzio, 2005). The mammal assemblage includes Cervus elaphus, Dama 

dama tiberina, Capreolus capreolus and Bos sp. (Di Stefano & Di Canzio, 2005).  

Based on the presence of D. dama tiberina, the faunal assemblage was chronologically 

referred to Vitinia F.U. (late Middle Pleistocene - MIS 7).  

 

Grotta Paglicci 

The cave is located on the western slope of the Gargano Promontory at 143 m a.s.l. (Berto 

et al., 2017). The site was discovered in the 1950s, but the first excavations started in the 

1960s. (Palma di Cesnola, 2004). Nowadays, the research activity are continuing under the 

direction of the University of Siena in collaboration with the local Soprintendenza 

Archeologica (Palma di Cesnola, 2004; Berto et al., 2017). The sedimentary succession 

consists of 26 levels with a rich paleontological and archeological content. The human 

presence is documented by the Lower-Middle Palaeolithic (layers 30-25) through the whole 

Upper Palaeolithic which is present in a continuous sequence comprising Aurignacian (layer 

24), Gravettian (Ancient: layers 23 and 22; Evolved: layers 21 to 19b; Late: layers 19a to 

18b) and Epigravettian (Ancient: layers 18a to 12; Evolved: layers 11 to 8; Late: layers 7 to 

3a) (see Berto et al., 2017 for the discussion). The fossil remains of human found in both 

Gravettian and Epigravettian levels and the rock art present in the cave make Grotta Paglicci 

one of the main locality of the Mediterranean for the Upper Palaeolithic (see Berto et al., 

2017 for the discussion). Radiocarbon datings indicate that the sequence was deposed 

during the second part of Late Pleistocene-Early Holocene (Delgado Huertas et al., 1997; 

Palma di Cesnola, 2004). The Aurignacian level (24) was dated 38,690 cal BP and 33,898 

cal BP (MIS 3), while the Gravettian levels (23-18) was dated from 32,633 cal BP to 23,836 

cal BP (MIS 3-2). Finally, the dating of the Epigravettian levels (17-2) were from 23,190 cal 

BP to 13,355 cal BP (MIS 2).  

The fossil remains of mammal coming from Aurignacian, Gravettian and Epigravettian levels 

(Sala,1983; Boscato, 1994,2004; Boscato & Crezzini, 2005; Boschin et al., 2018) (Tab. 40). 

The Aurignacian mammal association is dominated by Equus hydruntinus, followed by 
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Capra ibex (Boscato, 1994, 2004). Instead, in the Gravettian association the most 

represented species is by Bos primigenius, followed by Equus ferus and Capra ibex 

(Boscato, 1994, 2004). Finally, in the Epigravettian levels, the equids (especially E. 

hydruntinus) and Capra ibex are the most abundant species (Sala, 1983; Boschin et al., 

2018).  

Recently, Berto et al. (2017) carried out the analysis of the micromammals from the 

Aurignacian to Epigravettian levels. The author identified two associations: the first one 

(Aurignacian-Gravettian levels) indicates mainly open environment, whereas the second 

one (Epigravettian levels) indicates Mediterranaen environment.  

 

Species Aurignacian Gravettian Early 
Epigravettian 

Evolved 
Epigravettian  

Final 
Epigravettian 

Equus ferus X X X X X 
Equus hydruntinus X X X X X 
Sus scrofa X X X X X 
Bos primigenius X X X X X 
Capra ibex X X X X X 
Rupicapra cfr. 
pyrenaica  X X    
Rupicapra sp.   X X X 
Cervus elaphus X X X X X 
Capreolus 
capreolus  X X X X 
Ursus arctos  X  X X 
Canis lupus   X X X X 
Vulpes vulpes X X X X X 
Crocuta crocuta X X  X X 
Felis silvestris X X  X X 
Lynx lynx   X X X 
Meles meles   X X X 
Marmota marmota   X X  
Lepus europaeus  X  X X 
Leups corsicanus       X X 

Tab. 40 – Mammal species from the Grotta Paglicci (Modified from Sala, 1983; Boscato, 1994; 2004). 
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4.2.2 Murge 

Grotta della Masseria del Monte 

The cave, located in the Murge plateau at 100 m a.s.l., was discovered by S. Maiellaro 

during the 1942. The first preliminary excavations in the cave, opened in the Cretaceous 

limestone (Calcare di Bari Formation), was conducted by Anelli in the 1950s. Several 

trenches were investigated: one outside the cave; one in a little saloon; five in the main 

saloon. The succession can be divided into two main complexes separated by a speleothem: 

the brownish sandy-clay in the upper part and reddish clay in the lower part (Anelli, 1959).  

Ceramics and mammal remains were found in the upper part, including E. cabalus (=E. 

ferus), S. scrofa, B. taurus, C. hircus, C. capreolus, C. elaphus, V. vulpes and L. europaeus 

(Anelli, 1959). From the reddish clay the followed species were identified: S. scrofa, B. 

taurus cfr. primigenius (=B. primigenius), C. capreolus, D. dama, C. elaphus, Lupus lupus 

(=C. lupus), F. silvestris, L. spelaea (=Lynx spelaeus), Hyaena crocuta spelaea (=C. 

spelaea), M. meles, E. europaeus, L. europaeus and O. cuniculus (Anelli, 1959).  

Anelli (1959) preliminarily attributed the faunal assemblage from the lower part of the deposit 

to the Wurm (MIS 4-2), where the environmental conditions were represented by steppic-

open forest ecotone.  

 

Grotta di Lamalunga  

The cave preserved a complete H. neanderthal skeleton discovered during the 1993, so-

called “Altamura man”, one of the most amazing paleoanthropological specimens of the 

European Pleistocene (Di Vincenzo et al., 2018). The site is located near the town of 

Altamura (Bari) at an elevation of 508 m a.s.l. (Lari et al., 2015; Di Vincenzo et al., 2018; 

Fiore et al., 2018). The cave, opened in the Creataceous limestone (Calcare di Altamura 

Formation), represents the upper part of a large karstic complex where stalactites, 

stalagmites, and flowstones occur together with coralloid formations (Lari et al., 2015). This 

karstic system consists of sub-horizontal galleries, which often were intercepted by pits 

clogged by detritus (Di Vincenzo et al., 2018). Many isolated long bones and craniodental 

remains were accumulated in depressed areas of the karst complex, excepted of the human 

specimens, where most of the skeleton appears to be represented (Di Vincenzo et al., 2018). 

No lithic tools have been found in the karstic system (Di Vincenzo et al., 2018). The difficult 

accessibility of the cave and the poor state of preservation of fossils, often strongly 

encrusted by calcareous concretions, make complicated their extraction and study (Lari et 

al., 2015; Di Vincenzo et al., 2018; Fiore et al., 2018). Therefore, a complete 3D laser survey 
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of the cave and a GIS model have been performed in order to study the fossils and map 

their distribution (Fig. 36). Due to the state of conservation of the specimens, frequently 

fractured and covered by concretions, the taxonomic identification was often limited to the 

genus or size of the animal (Fiore et al., 2018). The Cervids is the most represented group 

in the assemblage, especially with the fallow deer, followed by the red deer (Fiore et al., 

2018).  The horse is abundant in the assemblage, but clear diagnostic characters were still 

unidentified (cfr. Equus caballus) (Tagliacozzo, 1995; Fiore et al., 2018).  Carnivorans are 

represented by the spotted hyena and Grey wolf. Doubtfully is attribution of bovids remains 

to aurochs or bison (Bos vel Bison), whereas the micromammals and lagomorphs are 

indeterminate (Fiore et al., 2018).  The age of the mammal assemblage dated with 

radiometric method (234Th/238U) is between 172 ± 15 ka and 130.1 ± 1.9 ka (Lari et al., 2015).  

 

 

 
Fig. 36 – Planimetry of the cave. Detail of the Corridoio degli Animali with the fossil bones (in yellow) plotted 
in the QGIS model (modified from Fiore et al., 2018).  
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Grotta delle Mura 

The cave, facing the Adriatic Sea, is located south of the town of Monopoli and opened at 

about 2 m a.s.l. in the Plio-Pleistocene calcarenite (Tufi delle Murge). Borzatti von 

Löwenstern carried out the first investigations in the cave, identifying artefacts referred to 

early and final Epigravettian and to Mousterian (Borzatti von Löwenstern, 1964a; Bon & 

Boscato, 1993). Nowadays, the activity researches continue under the direction of M. 

Calattini, Univerisity of Siena (Calattini & Carmigiani, 2017).  

According to Cornaggia Castiglioni & Menghi (1963) and Cornaggia Castiglioni & Palma di 

Cesnola (1967), the stratigraphy succession includes several levels from the bottom to up:  

A – Yellowish soil with pebbles and terrestrial malacofauna, 15 cm thick; 

B – Blackish soil and scarce pebbles, with malacofauna, vertebrate remains, artefacts and 

ceramics, 75 cm thick;  

C - Brownish sandy-clay rich in pebbles, with malacofauna, vertebrate remains, artefacts 

and ceramics, 95 cm thick; 

D – Yellowish clay rich in pebbles, with vertebrate remains and artefacts, 28 cm thick;  

E – Brownish clay with with malacofauna, vertebrate remains and artefacts, 50 cm thick; 

F – Grey-greenish sand with scarce artefacts, 8 cm thick;  

G – Yellow-reddish clay and pebbles, with malacofauna, vertebrate remains and artefacts, 

80 cm thick.  

H – Grey-blackish clay, with vertebrate remains and artefacts, about 30-40 cm thick. 

The typological analysis of the lithic industry allowed to refer the levels B-C to Romanellian 

(final Epigravettian) and the levels G-D to Epigravettian (Borzatti von Löwenstern, 1964a; 

Cornaggia & Castiglioni, 1967; Calattini et al., 2017). The artefacts from the level H have 

been referred to Mousterian. Radiocarbon datings confirmed the chronology of the 

Romanellian (8290 ± 50 BP – 10850 ± 100 BP), Epigravettian (15860 ± 80 BP) and 

Mousterian facies (44530 ± 2040 BP) (Calattini & Carmigiani, 2017; Calattini et al., 2017).  

The study of the mammal remains from the levels B-C have been performed by Bon & 

Boscato (1993), including the species listed below: Equus caballus (=E. ferus), E. 

hydruntinus, S. scrofa, B. primigenius, cfr. Rubicapra sp., C. capreolus, C. elaphus, C. lupus, 

V. vulpes, M. meles, F. silvestris, C. crocuta, E. europaeus and L. europaeus. Instead, the 

mammal species were only listed by Borzatti von Löwenstern, 1964a, including Equus 

caballus (=E. ferus), S. scrofa, B. primigenius, C. capreolus, C. elaphus, V. vulpes and L. 

europaeus 
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Grotta L. Migliorini 

The cave deposit is located south of the town of Monopoli and opened in the Plio-

Pleistocene calcarenite at about 3 m a.s.l.  (Tufi delle Murge) (Guerri 1980a,b,c, 1987). The 

infilling succession is mainly constituted by two reddish sediment strongly cemented with 

frequent pebbles levels separated by a yellowish silt level. The high degree of cementation 

led the authors to remove blocks to be later studied in laboratory. The blocks were marked 

in accordance with the grid. Artefacts and fossil remains of vertebrate, among which coal, 

were found in both the reddish levels. The raw material was mainly represented by flint, but 

quartzite and jasper were also found. The typological analysis allowed to refer the lithic 

sample to Mousterian.  

Instead, the faunal assemblage included Bos vel Bison, C. elaphus, D. dama, S. scrofa, E. 

ferus, S. kirkerbergensis, V. vulpes and Panthera leo (Guerri, 1980a). The presence of 

spotted hyena was documented by coprolites.  

 

Grotta Sant’Angelo 

The cave, opened in the Cretaceous limestone (Calcare di Altamura Formation) at 161 m 

a.s.l. (Coppola, 2001; Casavola, 2005). The sedimentary succession can be divided in three 

distinct phases from the bottom to up: I (10-9 levels) reddish soil referred to Pleistocene; II 

(9-3 levels) grey-reddish soil referred to Mesolithic; III (2-1 levels) grey soil attributed to Iron 

age (Coppola, 2001).  

The mammal faunal from the I phase included the followed species: S. scrofa, B. 

primigenius, Ovis vel Capra, C. capreolus, C. elaphus, C. lupus, V. vulpes, F. silvestris and 

L. europaeus (Cassoli & Tagliacozzo, 2001). Casavola (2005) reported the presence E. 

hydruntinus, U. spelaeus and C. spelaea in the lower part of the deposit.  

 

Tana delle Iene  

The karst infilling deposit of Tana delle Iene, located near the town of Ceglie Messapica 

(Brindisi), was discovered during the construction work of a public building (Giaccio & 

Coppola, 2000). The deposit opened into the Cretaceous limestone (Calcari di Altamura 

Formation). According to Giaccio & Coppola (2000), the succession consists of several 

levels from the bottom to up:  

US 11 – speleothem; 

US 10 – reddish clay  

US 9 – volcanic level  
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US 8 – reddish clay;  

US 7 – reddish sandy-clay; 

US 6 – reddish silty-clay; 

US 5 reddish sand; 

US 4 volcanic level; 

US 3 silty-sand with rare volcanic material; 

US 2 – silty-clay; 

US 1 volcanic level. 

The analysis of the volcanic levels provided chronological data for the succession, especially 

the US 9 has been referred to an age < 60000 years BP and the US 1 at about 37000 years 

BP (Giaccio & Coppola, 2000). The mammal remains, recovered from the US 8, therefore 

have been attributed to MIS 3.  

The faunal list includes the species listed below: E. ferus, E. hydruntinus, S. scrofa, C. 

capreolus, B. primigenius, D. dama, C. elaphus, C. lupus, V. vulpes, F. silvestris, C. crocuta 

and Lepus cf. L. europaeus (Giaccio & Coppola, 2000; Conti, 2010; Conti et al., 2012).  

 

Riparo l’Oscurusciuto 

The Oscurusciuto rock shelter is located in the Gravine of Ginosa (Taranto) and opened into 

a Pleistocene Calcarenite, at 235 m a.s.l. (Marciani et al., 2016; Spagnolo et al., 2016; 

Marciani et al., 2018; Spagnolo et al., 2018). The excavations at the Riparo l’Oscurusciuto 

began in 1998 and continue even today (Marciani et al., 2016; Spagnolo et al., 2016; 

Marciani et al., 2018; Spagnolo et al., 2018). All the levels of the succession are rich in both 

faunal remains and artefacts, that have been referred to the final stage of Middle Palaeolithic 

(Boscato & Crezzini, 2012; Marciani et al., 2016; Spagnolo et al., 2016; Marciani et al., 2018; 

Spagnolo et al., 2018). The radiocarbon age for the upper part dated the US 1 at about 

42.724 cal BP. At the bottom of the sequences, a tephra level was identified as Mount 

Epomeo green tuff, dated to about 55 ka BP (Boscato & Crezzini, 2012; Marciani et al., 

2016; Spagnolo et al., 2016). The faunal association recovered from the SU 15 to SU 4 

includes cfr. Stephanorhinus, E. ferus, B. primigenius, C. ibex, Rubicapra sp., C. capreolus, 

D. dama, C. elaphus, C. lupus and Panthera leo (Boscato & Crezzini, 2012). The 

assemblage was dominated by B. primigenius, which indicates open environment and forest 

steppe (Boscato & Crezzini, 2012). 
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4.2.3 Salento 

Sternatia 

The karst infilling deposit is localted near the town of Sternatia and consists of a “ventarola” 

opened in the Miocene limestone (Rustioni et al., 1994). The fossil materials were collected 

by L. Villani in the 1979 and preliminarily studied by Petrucci et al. (1989) (Rustioni et al., 

1994). The mamal list included the following species: E. ferus, E. hydruntinus, B. 

primigenius, C. ibex, D. dama, C. elaphus, C. lupus, V. vulpes, C. crocuta, E. europaeus 

and O. cuniculus (Rustioni et al., 1994).  

The mammal assemblage from Sternatia suggested a relatively dry Mediterranean climate, 

with the presence of open grasslands dominated by scrubs and rare wood cover. 

 

Grotta del Cavallo  

The excavations in the Middle and Upper Palaeolithic site began in the 1960s under the 

direction of A. Palma di Cesnola and now are directed by L. Sarti. The cave is situated in 

the Uluzzo Bay, near the town of Nardò (Lecce) and opened in the Cretaceous limestone 

(Calcari di Melissano Formation) at 15 m a.s.l. The sedimentary succession is divided into 

four main chrono-cultural units: the Mousterian (layers N-F); the Uluzzian (layers E-D); the 

final Eprigravettian and Mesolithic (layer B); the Neolithic (layer A) (Palam di Cesnola, 1963, 

1964, Sarti 1998, 2002; Boscato & Crezzini, 2012; Boscato et al., 2013). The radiocarbon 

datings of the level F indicate an age of 47900 years cal BP and 42100 years cal BP 

(Zanchetta et al., 2018). The Uluzzian levels was radiocarbon dated from 44300 years cal 

BP to 38860 years cal BP (Zanchetta et al., 2018). Finally, the level C, including a tephra 

level, was dated from 23220 years cal BP to 22470 years cal BP (Zanchetta et al., 2018).  

Three distinct tephra levels were identified in the succession and have been respectively 

attributed to X-6, 109100 ± 900 ka (level G), Y-6 45700 ± 1000 ka (level F) and Ignimbrite 

Campana 39850 ± 140 ka (level C) (Zanchetta et al., 2018). The bottom of the sequence 

(level L) is represented by a conglomerate attributed to the Tyrrhenian beach (MIS 5.5).  

The mammal fauna from the Mousterian levels H-I and F and from the Uluzzian levels have 

been described (Palma di Cesnola, 1964; Sarti et al., 1998, 2002; Boscato & Crezzini, 2012) 

(Tab. 41).  
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Grotta Torre dell’Alto 

Grotta di Torre dell’Alto, discovered in 1961, is located under the monument of Torre dell’Alto 

on the bay of the same name. The cave opened in the Creataceous limestone (Calcari di 

Melissano Formation). The sedimentary succession consists of several levels, which 

documented the human occupation during the Middle Palaeolithic (level F-A), capped by an 

Iron Age layer (top of the level A) (Borzatti von Löwenstern 1966a; Borzatti von Löwenstern 

& Magaldi 1967). From the level B, a human tooth was founded (Borzatti von Löwenstern & 

Magaldi 1967). Volcanic materials were also recognized in the succession (Borzatti von 

Löwenstern & Magaldi 1967). Preliminary studies of the mammal remains from the level E-

A were carried out by Borzatti von Löwenstern (1966a) and Borzatti von Löwenstern & 

Magaldi (1967) (Tab. 41). 

 

Grotta Uluzzo  

The cave, located in the Uluzzo Bay, opened in the Creataceous limestone (Calcari di 

Melissano Formation) at about 15 m a.s.l. (Borzatti von Löwenstern, 1963, 1964b). The 

stratigraphy can be divided into three main sequence chrono-cultural units: the Mousterian 

(levels P-O), the Uluzzian (level (N); the final Epigravettian (levels L-C) referred to 

Romanellian. The level M is a tephra, that can be correlated with that found in the level C of 

the Grotta del Cavallo, dated at 39850 ± 140 ka (Zanchetta et al., 2018). 

The fossils from the Mousterian and Uluzzian levels are very scarce and only Equus 

hydruntinus and Cervus elaphus were identified (Borzatti von Löwenstern, 1963, 1964b). 

 

Grotta-Riparo Marcello Zei 

Grotta-Riparo Marcello Zei, at about 5.3 m a.s.l, is located near the town of Santa Caterina 

(Lecce). The cave, opened into the Cretaceous limestone (Calcari di Melissano Formation), 

was discovered in 1972 and was excavated in 1973 and 1978 (Dantoni & Nardi, 1980). The 

deposit has been strongly eroded by the action of the sea and a single archaeological 

level (A) was identified (Dantoni & Nardi, 1980). The lithic industry has been attributed to 

Mousterian facies (Dantoni & Nardi, 1980). Mammal remains from the level A were 

described by Dantoni & Nardi (1980) (Tab. 41) 
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Serra Cicora A 

The Grotta di Serra Cicora A, located near the town of Santa Caterina (Lecce) at 37 m a.s.l., 

was discovered by Borzatti von Löwenstern in 1978 (Spennato, 1981; Campetti, 1986). 

Inside the cave, opened in the Cretaceous limestone (Calcari di Melissano Formation), the 

deposit consists of six Mousterian level F-A (Spennato, 1981; Campetti, 1986). The 

archeological deposit was also identified outside the cave, where a Mousterian (A) and an 

Upper Palaeolithic levels were described (Uluzzian – Protoaurignacian facies) (Spennato, 

1981; Campetti, 1986). Mammal remains from the Mousterian levels were described by 

Spennato, (1981) and Campetti (1986) (Tab. 41).  

 

Sites Grotta del Cavallo 
Grotta 
Torre 

dell'Alto 

Riparo 
Marcello 

Zei 

Serra 
Cicora A 

Chronocultural facies Mousterian Mousterian Mousterian Uluzzian Mousterian Mousterian Mousterian 

Chronological data  > 109100                
± 900 

> 45700              
± 1000 

> 39850              
± 140 

   
                                      Level                      
Species Level L Levels H-I Level F Level E Level E-A Level A Levels F-A 

Stephanorhinus cfr. hemitoechus      X  

Stephanorhinus sp.  X     X 

Equus ferus X  
X X X X X 

Eqqus hydruntinus     X  X 

Sus scrofa X X X X X   
Bos primigenius X X X X X X X 

Capreolus capreolus  X X X    
Dama dama  X X X X    
Cervus elaphus X X X X X X X 

Canis lupus   
 

X X   
Vulpes vulpes X X X X X X X 

Crocuta spelaea   
 

X X X  

Felis silvestris  X  
X  

   
Lynx lynx  X 

  
  X 

Panthera spelaea   
  

  X 

Erinaceus europaeus X  
  

  X 

Oryctolagus cuniculus   
  

X X  

Lepus europaeus X X X  
X X  

Lepus sp.     
  

X       

  

Tab. 41 – Mammal species reported from the cave located near the town of Santa Caterina (Lecce) (see the 

text for the reference).  
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Fondo Cattìe 

The deposit of Fondo Cattìe was discovered in the 1980 and is located along the road 

connecting the town of Maglie and Cutrofiano (Lecce) (Cremonesi et al., 1980). The site is 

a sinkhole infilling deposit consisting of five levels, of which three occur Mousterian artefacts 

and fossil remains (Cremonesi et al., 1980). The mammal list includes the species listed 

below: E. caballus (=E. ferus), S. scrofa, B. primigenius, D. dama, C. elaphus, C. lupus, V. 

vulpes, P. leo, C. crocuta and Mustela sp. (Corridi, 1987, 1989).  

An isolated lower tooth of human has been found in the deposit and attributed to H. 

neanderthalensis by Borognini Tarli (1983). The faunal assemblage from Fondo Cattìe has 

been chronologically referred to MIS 3 (Corridi, 1987, 1989). 

 

Grotta dei Cervi 

The site, located near the village of Porto Badisco at about 26 m a.s.l., was discovered in 

February 1970 by a local speleologist group (Graziosi, 1980; Groth et al., 2001; Beraldin et 

al., 2006; Aprile et al., 2017). The Grotta dei Cervi is well known for prehistoric paintings in 

red ochre decorating the walls of the cave, which figured stylized man and animals. Also, 

black paintings represent cruciform or geometric figures and sorcerers hardly interpretable 

today (Graziosi, 1980; Groth et al., 2001). This set of pictographs has been referred to 

Neolithic (Calcaginile, 2007). Albeit the site is a reference for the parietal art for the Euro-

Mediterranean area, the karst infilling deposit has been poorly investigated. Nevertheless, 

the lower part of the sedimentary succession has been referred to Upper Palaeolithic 

(Graziosi et al.., 1980; Guerri 1986). The mammal remains has never studied in detail, but 

the presence of Bos primigenius, Cervus elaphus, Equus ferus, Equus hydruntinus and 

Panthera leo has been reported and chronologically attributed to Gravettian (Graziosi et al.., 

1980; Guerri 1986). Radiocarbon datings indicate an age for the infilling deposit between 

29074 ± 250 BP and of 8850 ± 60 BP (De Grossi Mazzorin & Montefinese, 2017). 

 

Grotta delle Veneri 

The site, located nearby the village of Parabita, was discovered in 1966 by G. Piscopo 

(Piscopo & Radmilli, 1966). The cave is famous for the statuette of Veneri and for the burial 

of two skeletons of Homo sapiens (Piscopo & Radmilli, 1966; Cremonesi et al., 1970; 

Mallegni et al., 2000). The deposit includes several levels attribute to Upper Palaeolitich, 

from Uluzzian to final Epigravettian (Cremonesi et al., 1970; Cremonesi, 1987).  
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Only few mammal species have been reported from the Uluzzian and Epigravettian levels, 

among which Equus ferus, Bos primigenius, Sus scrofa, Cervus elaphus and Crocuta 

spelaea (Cremonesi, 1992).  

 

Sant’Ermete 

The site was discovered by A. Piccinno and F. Piccinno during the 1965 (Piccinno, 1997). 

The deposit is represented by a matrix supported breccia overlapped by a reddish clay 

including Mousterian artefacts and vertebrate fossils (Cremonesi 1980a; Piccinno, 1997).  

Albeit the mammal remains have been never studied, Piccinno (1997) reported the presence 

of H. amphibius, E. caballus (=E. ferus), B. primigenius and Cervus sp. 

 

Grotta Montani 

The cave, opened in the Cretaceous limestone (Calcari di Melissano) at about 80 m a.s.l., 

is located near the town of Salve (Lecce) (Cremonesi, 1980b). The succession has been 

divided in 5 levels and mammal remains and Mousterian artefacts have been recovered, 

whereas Upper Palaeolithic tools have been found only on the surface of the deposit 

(Cremonesi, 1980b; Sorrentino, 1980). The mammal assemblage includes the following 

species: E. antiquus (=P. antiquus), R. merckii (=S. kirchbergensis) E. caballus (=E. ferus), 

B. primigenius, C. elaphus, C. crocuta and O. cuniculus.  

 

Grotta delle Prazziche  

The cave, located near the town of Novaglie (Lecce), was discovered by Borzatti von 

Löwenstern in the 1964 (Borzatti von Löwenstern, 1965c). The succession consists of six 

archeological levels, Mousterian (F-D), final Epigravettian (C-B) and Neolithic (A) (Borzatti 

von Löwenstern, 1966b, 1969). The mammal assemblage from the Mousterian levels 

includes the following species: R. merckii (=S. kirchbergensis), E. caballus (=E. ferus), B. 

primigenius, C. elaphus, C. crocuta and V. vulpes (Borzatti von Löwenstern, 1966). Instead, 

in the final Epigravettian levels the listed species were identified: E. hydruntinus, S. scrofa, 

Bos sp., C. capreolus, C. elaphus, C. lupus, V. vulpes, F. silvestris, M. meles and L. 

europaeus (Borzatti von Löwenstern, 1969). 
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Grotta delle Cipolliane C 

The cave belongs to karst system of Grotte delle Cipolliane (also known as Grotte del 

Presepe) located near the town of Novaglie (Lecce), and is the northernmost cave of the 

complex (Palma di Cesnola, 1962). The site was discovered in the 1960 by C. Cosma and 

A. Varola, but only in the 1962 the Italian Institute of Prehistory and Protohistory organized 

a first excavation campaign (Palma di Cesnola, 1962). The human presence is documented 

by through the second part of the Upper Palaeolithic which is present in a continuous 

sequence comprising ancient (layer 4), evolved (layer 3), final (layers 2-1) Epigravettian (see 

Sammarco & Parise, 2005 for the discussion). The radiocarbon dating indicated an age of 

15270 ± 300 BP and 15000 ± 100 BP for the layer 3 (Sammarco & Parise, 2005).  

The mammal remains recovered in the deposit include the following species: E. ferus, E. 

hydruntinus, B. primigenius, C. elaphus, C. capreolus, S. scrofa, M. meles, V. vulpes, E. 

europaeus and L. europaeus (Palma di Cesnola, 1962).  
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5. Methods 
The mammal remains studied in this work are housed in several Italian Institutions and 

Museums: 

- Avetrana: University Museum of Earth Sciences, Sapienza University of Rome (MUST) 

- Cardamone: Commercial Technical Institute “Galilei-Costa” 

- Castellaneta: Commercial Technical Institute “Galilei-Costa” 

- Cava Spagnulo: Commercial Technical Institute “Galilei-Costa”; Museum of Pre-

Classical Civilizations of Southern Murgia 

- Contrada Monticelli: Earth Sciences Museum of Bari University 

- Fondo Focone: Italian Institute of Human Paleontology 

- Gagliano del Capo: Earth Sciences Museum of Bari University 

- Grotta del Diavolo: Italian Institute of Human Paleontology. 

- Grotta dei Giganti: Commercial Technical Institute “Galilei-Costa”; Italian Institute of 

Human Paleontology 

- Grotta dei Ladroni: Italian Institute of Human Paleontology. 

- Grotta della Jena: Paleontology Museum of the University of Naples Federico II; 

Speleological Museum of Castellana Caves “Franco Anelli”. 

- Grotta delle Striare: PaleoFactory Laboratory, Sapienza University of Rome; Italian 

Institute of Human Paleontology 

- Grotta delle Tre Porte: Italian Institute of Human Paleontology 

- Grotta di Capelvenere: Museum of Natural History of the University of Florence, 

section of Geology and Paleontology. 

- Grotta Laceduzza: Museum of Pre-Classical Civilizations of Southern Murgia 

- Grotta Mario Bernardini: Museum of Natural History of the University of Florence, 

section of Geology and Paleontology. 
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- Grotta Romanelli: Archaeozoology laboratory of the Museum of Civilizations (includes 

the National Prehistoric Ethnographic Museum “Luigi Pigorini”; PaleoFactory 

Laboratory, Sapienza University of Rome; Italian Institute of Human Paleontology; 

Museum of Natural History of the University of Florence, section of Geology and 

Paleontology. 

- Grotta Santa Croce: Italian Institute of Human Paleontology 

- Grotta Santa Maria d’Agnano – esterno: Museum of Pre-Classical Civilizations of 

Southern Murgia 

- Grotta Uluzzo C: Museum of Natural History of the University of Florence, section of 

Geology and Paleontology. 

- Grotta Zinzulusa: Italian Institute of Human Paleontology. 

- Ingarano: PaleoFactory Laboratory, Sapienza University of Rome. 

- Melpignano: PaleoFactory Laboratory, Sapienza University of Rome; Paleontology 

Museum of Turine University; Paleontology Museum of the University of Naples 

Federico II; 

- San Sidero: Italian Institute of Human Paleontology; Museum of Natural History of the 

University of Florence, section of Geology and Paleontology; PaleoFactory Laboratory, 

Sapienza University of Rome; Paleontology Museum of Turine University. 

 

Craniodental measurements were taken to the nearest 0.1 mm with a digital caliper, 

following Driesch (1976), Eisenmann (1980) and Testu (2006).  

In order to test the variability of the craniodental remains of several mammal species, 

statistical analyses have been performed.  

All the statistical analysis was carried out using the R software (R Core, 2000). 
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Considering that the mammal species has been analysed with different methods, the 

following sections are divided for the group.  

 
5.1 Rhinocerotidae – The case study of Melpignano:  

The fossil described herein was discovered in early 90s during a field survey in the 

Melpignano area by a research team of the Earth Sciences Department of Sapienza 

University of Rome, where the material is currently housed in the PaleoFactory laboratory. 

The sample was labeled with progressive catalog numbers: MPND 1082 (cranium) and 

MPND 1083 (brain endocast). For the comparative study, a CT scan of a head of a 41-

years-old male Ceratotherium simum OUVC:9754 and an adult skull of Diceros bicornis 

have been downloaded from morphosource and segmented with Mimics 20.0. Juvenile 

crania of fossil and extant rhinoceros from literature have been also used and consist of 13 

different taxa. 
CT-scanning 

Tomographic images of the specimens were taken using a Philips Brilliance CT 64-channel 

scanner at M.G. Vannini Hospital (Rome). Both, the natural brain endocast and the cranial 

elements, were scanned in their entirety in the coronal slice plane from front to back. The 

scanning resulted in 355 slices for the braincase, 437 for the disarticulated braincase 

fragments and 263 for the brain endocast, with standard dimensions of 512×512 pixels. The 

slice thickness is 0.8 mm with an interslice space of 0.4 mm. CT image processing was 

performed using Mimics 20.0, while the digital restoration process and bone colouring were 

made with ZBrush 4R6. 

5.2 Equidae 
Following Eisenmann (1980), length, breadth and length of protocone of the upper teeth 

(P2L, P2B, P2Pr, P3-4L, P3-4B, P3-4Pr, M1-2L, M1-2B, M1-2Pr, M3L, M3B, M3Pr) and length, 

breadth and length of postflexide of the lower teeth (P2L, P2B, P2Pf,  P3-4L, P3-4B, P3-4Pf, 

M1-2L, M1-2B, M1-2Pr, M3L, M3B, M3Pf) variables have been considered. We used literature 

data on fossil wild horse from the late Aurelian (late Middle and Late Pleistocene) of the 

Apulian region.  

We further assessed the degree of affinity of the Equidae taxa from the late Middle-Late 

Pleistocene of Apulia by conducting statistical analysis. We considered the length of the 

upper and lower premolars (P2, P3-4, P2 and P3-4) and molars (M1-2, M3, M1-2 and M3) from 

San Sidero and compared it to those of the late Middle-Late Pleistocene samples from 
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Apulia. The dataset was subject to normality distribution verification using Shapiro test.  

We evaluated differences in length of the upper and lower premolars (P2, P3-4, P2 and P3-4) 

and molars (M1-2, M3, M1-2 and M3) in the late Middle Pleistocene and Late Pleistocene, 

using linear model with corner point parameterization testing the null hypothesis of no-

differences between the mean of the San Sidero (SS) and the other samples (p-value > 

0.05). We considered the length of the upper and lower teeth of Equus mosbachensis from 

the late Middle Pleistocene and compared it to those of Equus ferus from the late Middle-

Late Pleistocene samples from Apulia.  Considering the numerousness of the sample, the 

dataset has been grouped according to the chronology (MIS). The dataset was subject to 

normality distribution verification using Shapiro test.  We evaluated differences in upper 

and lower teeth in Equus mosbachensis and Equus ferus, using linear model with corner 

point parameterization testing the null hypothesis of no-differences between the mean of 

the MIS 9-8 and the other samples (p-value > 0.05).  

Finally, in order to evaluate the teeth variability in the considered samples, the protocone 

index [(length of protocone *100)/length of teeth] and postflexide [(length of postflexide 

*100)/length of teeth]  were compared.  

 

5.3 Suidae  
The dataset was built by considering the available studies on specimens from the Aurelian 

(late Middle and Late Pleistocene) of the Apulian region. The fossil remains were compared 

with a sample of extant Italian wild boars stored in Comparative Anatomy Museum “Battista 

Grassi”, Sapienza University of Rome, as well as literature data from Kuşatman (1991). 

Body mass estimates of the fossil and extant samples were performed following the 

equations provided by Janis (1990) [body mass = (tooth length x slope) + intercept]. In order 

to assessed the degree of affinity of the wild boar from the late Middle-Late Pleistocene of 

Apulia, statistical analysis was conducted. The length of the lower third molar (M3L) of the 

referred sample from MIS 1 was compared to those of the late Middle Pleistocene, Late 

Pleistocene, and extant Italian samples. Taking into account the paucity of the sample, the 

dataset was grouped according to the chronology (MIS). We acknowledge that during an 

isotope stage several climatic oscillations may occur, but due to the lack of radiometric data 

the representativeness of MIS groups is usually considered an acceptable assumption, 

common to several studies focused on intraspecific size comparisons in the Pleistocene 

(e.g. Asperen, 2010; Mazza & Bertini, 2013; Marciszak et al., 2019). Moreover, this 

resolution is at a finer scale than what adopted in previous works on S. scrofa (Faure & 
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Guérin, 1983; Guérin & Faure, 1997; Tsoukala & Guérin, 2016). MIS 1 is technically an 

interglacial stage, but the here considered sites actually date to the early part of the 

Holocene, before the onset of the present-day climate regime (Sadori & Narcisi, 2001; 

Martrat et al., 2014; Giustini et al., 2018). Therefore, we refer to interglacial periods (MIS 5 

and MIS 3) and Early Holocene (MIS 1) separately 

The dataset was subject to normality distribution verification using Shapiro test. The 

differences in M3L in the late Middle Pleistocene, Late Pleistocene, and extant Italian 

samples, was evaluated using linear model with corner point parameterization testing the 

null hypothesis of no-differences between the mean of the MIS 5 and the other populations 

(p-value > 0.05).  

 

5.4 Bovidae 
In this work, the upper and lower teeth of B. primigenius from late Middle and Late 

Pleistocene sites of the Apulia Peninsula have been collected (Tab. 56-59). As 

comparison, the measurements from several Late Pleistocene sites from Apulia have been 

used (Tab. 56). In order to assessed the degree of affinity of Bos primigenius from the late 

Middle-Late Pleistocene of Apulia, statistical analysis was conducted. Taking into account 

the numerousness of the sample, the dataset was grouped according to the chronology 

(MIS). The length of the upper and lower first, second and third molars (M1, M2, M3, M1, M2 

and M3) of the referred sample from MIS 2 were compared to those of the late Middle 

Pleistocene (MIS 9-8 and MIS 7-5) and Late Pleistocene (MIS 5-4, MIS 3) and Early 

Holocene (MIS 1). The dataset was subject to normality distribution verification using 

Shapiro test. The differences in the length of the upper and lower first, second and third 

molars in the late Middle Pleistocene, Late Pleistocene, and Early Holocene, were 

evaluated using linear model with corner point parameterization testing the null hypothesis 

of no-differences between the mean of the MIS 2 and the other populations (p-value > 

0.05).  

Finally, the ratio of L/W of the upper and lower molars during the late Middle-Late 

Pleistocene has been tested, in order to evaluate change in the growth of the teeth.  

 
5.5 Cervidae 
 
5.5.1 Cervus elaphus 

The upper and lower teeth of Cervus elaphus from late Middle and Late Pleistocene sites 

of the Apulia Peninsula have been collected (Tab. 63). As comparison, the measurements 
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from several Late Pleistocene sites from Apulia have been used (Tab. 63). In order to 

assess the degree of affinity of Cervus elaphus from the late Middle-Late Pleistocene of 

Apulia, statistical analysis was conducted. Taking into account the numerousness of the 

sample, the dataset was grouped according to the chronology (MIS). The length lower 

third molars (M3L) of the referred sample from MIS 2 was compared to those of the late 

Middle Pleistocene (MIS 9-8 and MIS 7-5) and Late Pleistocene (MIS 5-4, MIS 3) and 

Early Holocene (MIS 1). The dataset was subject to normality distribution verification using 

Shapiro test. The differences in M3L in the late Middle Pleistocene, Late Pleistocene, and 

Early Holocene, were evaluated using linear model with corner point parameterization 

testing the null hypothesis of no-differences between the mean of the MIS 2 and the other 

populations (p-value > 0.05).  

5.5.2. Dama clatoniana – Dama dama  

The upper and lower teeth of Dama from late Middle and Late Pleistocene sites of the 

Apulia Peninsula have been collected (Tab. 64). As comparison the measurements from 

several Late Pleistocene sites from Apulia have been used (Tab. 64). In order to assess 

the degree of affinity of Dama from the late Middle-Late Pleistocene of Apulia, statistical 

analysis was conducted. Taking into account the numerousness of the sample, the dataset 

was grouped according to the chronology (MIS). The length lower third molars (M3L) of the 

referred sample of Dama clactoniana from MIS 9-8 was compared to those of Dama dama 

from the late Middle Pleistocene (MIS 7-5) and Late Pleistocene (MIS 5-4 and MIS 4-3) 

and of extant sample of Dama dama dama. The dataset was subject to normality 

distribution verification using Shapiro test. The differences in M3L in the late Middle 

Pleistocene, Late Pleistocene, and Early Holocene, were evaluated using linear model 

with corner point parameterization testing the null hypothesis of no-differences between 

the mean of the MIS 9-8 and the other populations (p-value > 0.05).  

 
5.6 Canidae  
5.6.1 Canis mosbachensis 

The biometric comparison was performed taking into account a large dataset of Italian 

fossil and extant canids, including the Early-Middle Pleistocene small-sized C. 

mosbachensis, slender C. lupus from late Middle-Late Pleistocene, robust C. lupus from 

late Middle-Late Pleistocene and the extant subspecies of Italian wolf (Canis lupus italicus) 

(Tab. 68). In order to test the teeth size variability of canid taxa during the Middle-Late 

Pleistocene, statistical analysis has been performed. The dataset was subject to normality 

distribution verification using Shapiro test (Royston, 1995). We evaluated differences in 
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dental size in C. mosbachensis, slender C. lupus, robust C. lupus and C. lupus italicus 

using pairwise comparisons for each anatomical trait via Wilcoxon test testing the null 

hypothesis of no-differences between the medians of the two populations. The sample 

size is different among species, for this reason the Wilcoxon p-value distribution using a 

bootstrap procedure was calculated (iterations = 1000). In detail, for each dental trait, at i-

th iteration we sampled the same number of elements from the two species (the 75% of 

the smallest sub-sample), subsequently the p-value of the Wilcoxon test distribution was 

calculated.  

 

5.6.2 Canis lupus 

The fossil remains from the late Middle to Late Pleistocene site of Apulia have been 

considered (Tab. 72).  We built a comparison dataset considering the late Middle to Late 

Pleistocene fossil remains from Apulia, Italian Peninsula and French (Tab. 71). The following 

variables were included: the length of upper carnassial (P4), upper first molar(M1) and lower 

first (M1) and second (M2) molars. 

 

5.6.3 Canis lupus – The case study of Avetrana 

The sample was analysed by means of log-ratio diagrams (Simpson, 1941; Simpson et alii, 

1960). The dental variables considered are P4-M2 length and width (L and W) for the upper 

teeth, and P4-M2 L and W and L of the trigonid of M1. The postcranial variables taken into 

consideration are the greatest length of the femur (GL), the breadth of the proximal epiphysis 

(Bp), the depth of the caput femoris (DC), the smallest width of the diaphysis (SD) and the 

breadth of the distal epiphysis (Bd). The extant C. l. italicus was chosen as a reference 

baseline and, in addition to C. lupus from Avetrana, the following fossil species were plotted: 

C. l. lunellensis from French sites (i.e. Lunel-Viel 1, Igue des Rameaux, Aven 1 de la Fage, 

Coudoulous 1); C. l. santenaisiensis from Aven de l’Arquet; C. l. maximus from Grotte de 

Jaurence, Grotte de Maldidier, Igue du Gral; “Apulian wolves” (Sardella et alii, 2014) from 

various Southern Italian localities (e.g. Grotta Romanelli, Ingarano, Melpignano); “Northern 

Italian wolves” from localities like Broion, Buco del Frate, Pocala; and the sample of wolf 

from Cardamone (Apulia).  The degree of affinity of the wolf from Avetrana bed 8 was also 

assessed by conducting other statistical analyses. Three dental measurements (i.e. P4 L, 

M1 L and m1 L) of the referred sample from Avetrana bed 8 were considered and compared 

them to those of the taxa included in the log-ratio analysis. Firstly, the Shapiro-Wilk test to 

assess the normal distribution of the samples was used. The result was negative (P4 L, p-
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value <0.01; M1 L, p-value <0.01, m1 L, p-value <0.01); therefore, a non-parametric test to 

evaluate differences in the size of teeth between Avetrana and the other wolf populations 

was performed. The Kruskal-Wallis test on each subsample for each variable was 

performed, testing the null hypothesis that the location parameters of the distribution of x 

were the same in each group. The alternative is that they differ in at least one distribution.  

 

5.6.4 Cuon alpinus  

The specimen represented by a upper right first molar INGND59 is housed in the 

PaleoFactory laboratory, Department of Earth Science, Sapienza University of Rome. We 

collected morphological and biometric data of extant and fossil samples of C. alpinus from 

several Middle to Late Pleistocene Eurasian localities. Following Brugal and Boudadi-

Maligne (2011), we consider the European fossil sample of Cuon belonging to two species, 

C. priscus from early Middle Pleistocene localities and C. alpinus europaeus from late Middle 

to Late Pleistocene localities. 

Comparative fossil samples include: specimens of San Sidero, housed in the PaleoFactory 

laboratory, Department of Earth Science, Sapienza University of Rome; those of “Grotta” 

and “Tecchia di Equi”, housed in the collection of the Geology and Paleontology section of 

the Natural History Museum of the University of Florence; and specimens of Wanxian 

housed in the Vertebrate Paleontology collections of the American Museum of Natural 

History (AMNH, New York, U.S.A.). The taxon from Wanxian was previously referred to C. 

antiquus by Matthew and Granger (1923) but currently is considered a junior synonym C. 

alpinus, see among others Castelló (2018). Data on the extant C. alpinus were taken on the 

specimens of the Comparative Anatomy AMNH (New York, U.S.A.).  

According to Driesch (1976), we measured the length (L) and breadth (B) of the P4, M1 and 

M1. The measurements were taken to the nearest 0.1 mm with a digital caliper.  

We used literature data on fossil Dhole from the Middle to Late Pleistocene of Austria, Czech 

Republic, Slovakia, France, Germany, Greece, Italy, Spain, Hungary and Caucasian region. 

Following Brugal and Boudadi-Maligne (2011), we consider the European fossil sample of 

Cuon belonging to two species, C. priscus from early Middle Pleistocene and C. alpinus 

europaeus from late Middle to Late Pleistocene.  

The dataset was tested for normality distribution verification using Shapiro-Wilks test. The 

dental traits have a normal distribution; therefore we performed a statistical parametric test. 

Firstly, the differences in M1 L of the Middle to Late Pleistocene Dholes of Europe was 

evaluated using linear model with corner point parameterization testing the null hypothesis 
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of no-differences between the specimen from Ingarano and the other fossil samples (C. 

priscus and Middle and Late Pleistocene C. alpinus europaeus) and extant C. alpinus 

(p.value > 0.05). Subsequently, the differences in P4L, M1L, and M1L of the Middle to Late 

Pleistocene specimens of Europe was evaluated using linear model with corner point 

parameterization testing the null hypothesis of no-differences between the mean of C. 

priscus and the other sample of Middle and Late Pleistocene C. alpinus europaeus and 

extant C. alpinus (p.value > 0.05). The statistical analysis was performed using the R 

software (R Core Team, 2000). 

 
 
5.6.5 Vulpes vulpes 

The fossil remains from the late Middle to Late Pleistocene sites of Apulia have been 

considered (Tab. 73).  In order to assessed the degree of affinity of Vulpes vulpes from the 

late Middle-Late Pleistocene of Apulia, statistical analysis was conducted. Taking into 

account the numerousness of the sample, the dataset was grouped according to the 

chronology (MIS). The length of upper carnassial (P4), upper first (M1) and second (M2) 

molars and lower carnassial (M1) of the referred sample of Vulpes vulpes from MIS 9-8 

was compared to those of Vulpes vulpes from the late Middle Pleistocene (MIS 7-5) and 

Late Pleistocene (MIS 5-4, MIS 4, MIS 3 and MIS 2) and Early Holocene (MIS 1). The 

dataset was subject to normality distribution verification using Shapiro test. The differences 

in P4L, M1L, M2L and M1L  in the late Middle Pleistocene, Late Pleistocene, and Early 

Holocene, were evaluated using linear model with corner point parameterization testing 

the null hypothesis of no-differences between the mean of the MIS 9-8 and the other 

populations (p-value > 0.05). 

 

5.7 Felidae 
5.7.1 Lynx pardinus – The case study of Ingarano 

All the specimens from Ingarano are housed in the PaleoFactory laboratory of Earth 

Sciences Department of Sapienza University of Rome, except the skull MGPUTV135415 

stored in the Paleontological Museum of the Turin University. 

The fossils from Ingarano are marked with different alphanumeric codes; FG indicate the 

remains coming from the first geo-paleontological surveys (1989-90); specimens without 

field labels/numbers are indicated with ING-, INGND- and M-, coming from successive geo-

paleontological surveys. The collection counts 416 lynx remains including 1 skulls, 9 

craniums, 1 endocast, 12 maxillaries, 32 hemimandibles, 8 isolated upper teeth, 7 isolated 
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lower teeth and 346 postcranial bones. This work is focused on craniodental elements for a 

total number of 70 specimens.   

As comparative fossil material, the dataset was built by considering all the relevant literature 

from European fossil record on L. issiodorensis Early Pleistocene, on pardel lynx (L. 

pardinus - L. spelaeus), L. lynx Late Pleistocene, the extant L. pardinus and L. lynx (Tab. 

76).  

To build our comparative dataset, we used the available literature on Early – Late 

Pleistocene lynxes (Tab. 77). Biometric and statistical analyses were performed considering 

the length (L) and width (W) of the upper and lower carnassials. Firstly, the Shapiro-Wilk 

test was used to assess if the samples were normally distributed. The result was negative 

(P4 L, p-value <0.01, m1 L, p-value <0.01), therefore a non-parametric test in order to 

evaluate differences of the teeth size between Ingarano and the other specimens was 

performed. Kruskall-Wallis test on each subsample for each variable, testing the null 

hypothesis that the location parameters of the distribution of x were the same in each group, 

was carried out. The alternative is that they differ in at least one distribution.  

The ancient DNA (aDNA) extraction were conducted at the Archaeological Research 

Laboratory, University of Stockholm (Sweden), on micro-drilled samples of tooth roots 

considered as one of the most informative skeletal elements for this analysis (Hansen et al., 

2017; Damgaard et al., 2015; Adler et al., 2011). We obtained ca. 80 mg tooth powder and 

conduct a pre-digestion step in order to reduce exogenous DNA and microbial DNA following 

Allentoft et al. (2015) procedures. The aDNA was extracted and purified using a silica-

binding method optimized for short DNA fragments (Dabney et al., 2013; Yang et al., 1998). 

We got a final volume of 44 ml of aDNA extract. 

183 bp of the mitochondrial control region and 152 bp fragment of the cytochrome b using 

six non-overlapping primer pairs were targeted (Rodríguez-Varela et al., 2015). DNA 

amplification and cycling conditions were performed as in Rodríguez-Varela et al. (2015). 

Amplicons were purified using ExoSAP-It (GE Healthcare) following the manufacturer's 

instructions and directly sequenced in forward and reverse orientations on an automated 

DNA sequencer (ABI-3730xl) using the Big Dye 3.1 sequencing kit (Applied Biosystems). 

Sequences were edited with Sequencher v.4.7 (Gene Codes Corporation, Ann Arbor, MI, 

USA) and manually aligned using the software MEGA version 6 (Tamura et al., 2013). 
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5.8 Hyaenidae 
5.8.1 Crocuta crocuta  

The fossil remains of hyena and coprolites from the late Middle to Late Pleistocene sites of 

Apulia have been here considered. In order to reconstruct the palaeoenvironmental 

condition of the Late Pleistocene site of Cardamone, paleobotanical analyses of five 

coprolites (H1, H2, H3, H4, H5) have been carried out. In addition, the aDNA analyses of 

the coprolites have been performed, in order to get more taxonomic information about the 

faunal assemblage from Cardamone. The aDNA has been extracted following Bon et al. 

(2012), with approximatively 1 gram for each sample. The mtDNA sequences have been 

compared with those of the international bank dataset. Finally, the sequences extracted from 

the the samples H1, H2, H3 H4 e H5 have been manually aligned to get the taxonomical 

attribution. Furthermore, in order to test the size variability of Crocuta crocuta from the late 

Middle-Late Pleistocene of Apulia, statistical analysis was conducted. Taking into account 

the numerousness of the sample, the dataset was grouped according to the chronology 

(MIS). The length of upper carnassial (P4) and lower carnassial (M1) of the referred sample 

of Crocuta crocuta from MIS 9-8 was compared to those of Crocuta crocuta from the late 

Middle Pleistocene (MIS 8 and MIS 7-5) and Late Pleistocene (MIS 4, MIS 3 and MIS 2) and 

extant ones. The dataset was subject to normality distribution verification using Shapiro test. 

The differences in P4L and M1L in the late Middle Pleistocene, Late Pleistocene, and Early 

Holocene, was evaluated using linear model with corner point parameterization testing the 

null hypothesis of no-differences between the mean of the MIS 9-8 and the other populations 

(p-value > 0.05). 

 

5.9 Mustelidae  
5.9.1 Meles meles – The case study of Grotta Laceduzza 

The fossil materials are housed in the Museo di Civiltà Preclassiche della Murgia 

meridionale (Ostuni, Apulia), with a progressive catalog number from LCD-1 to LCD-29. 

These materials were recovered by a research team of the Dipartimento di Scienze della 

Terra e Geombientali of the University of Bari in 2008, and include 1 cranium, 9 

hemimandibles, 10 isolated teeth, and 9 postcranial bones in a good state of preservation, 

with no evidence of cut marks, bite marks, or rodent gnaw marks; traces of traumas; or bone 

pathologies. The bones were not articulated and are partially encrusted with reddish matrix. 

The sample of extant badgers used for comparison includes105 skulls (21 females and 30 

males from Italy and 25 females and 29 males from several central European countries such 
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as France, Germany, Belgium, Switzerland, and Poland). Only the measurements of adult 

specimens have been used in the analysis. These specimens belong to the collections of 

Museo di Storia Naturale G. Doria, Genova; Museo Friulano di Storia Naturale, Udine; 

Museo Civico di Storia Naturale, Milano; Museo di Zoologia dell’Istituto Superiore per la 

Protezione e la Ricerca Ambientale, Ozzano dell’Emilia (Bologna); Institut Royal des 

Sciences Naturelles de Belgique, Bruxelles; Senckenberg Forschungsinstitut und 

Naturmuseum, Frankfurt; Musée de Zoologie, Lausanne; Naturhistorisches Museum, Bern; 

Muséum d’Hist Naturelle, Genève; and Mammal Research Institute of the Polish Academy 

of Sciences, Białowieża. According to von den Driesch (1976), 32 craniodental variables 

have been considered: total length (Tl), condylobasal length (Cbl), basal length (Bl), 

neurocranium length (Nl), upper neurocranium length (Unl), viscerocranium length (Vl), 

lateral length of the snout (Lls), palatal length (Pl), length of the sagittal crest (Lsc), greatest 

diameter of the auditory bulla (Gab), least diameter of the auditory bulla (Lab), greatest 

mastoid breadth (Gmb), zygomatic breadth (Zb), greatest palatal breadth (Gpb), width of the 

rostrum (Wr), greatest breadth of the occipital condyles (Goc), greatest breadth of the 

foramen magnum (Gfm), greatest neurocranium breadth (Gnb), frontal breadth (Fb), least 

breadth between the orbits (Lbo), breadth of postorbital constriction (Bpc), facial breadth 

between infraorbital foramina (Fbif), greatest inner length of the orbit (Glo), greatest inner 

height of the orbit (Gho), height of the occipital triangle (Hoc), length of the upper cheek 

tooth row (Ucr), length and breadth of upper carnassial (LP4 and BP4), upper first molar 

(LM1 and BM1), and upper canine (LC1 and BC1). We also measured also 10 variables for 

the hemimandibles and 12 variables for the lower teeth: total length (Tl), length between the 

angular process and infradental process (Lai), length of the lower checktooth row (Lcr), 

length from the anterior border of the canine to posterior border of the M2 (LC1M2), length 

from the anterior border of the P2 to posterior border of the M2 (LP2M2), length from the 

anterior border of the P2 to posterior border of the M1 (LP2M1), height of the vertical 

mandibular ramus (Hvr), height of the mandibular corpus above M1 (HM1), height of the 

mandibular corpus above canine (HC1), thickness of condyle (Tc), length and breadth of the 

lower teeth (LC1, BC1, LP2, BP2, LP3, BP3, LP4, BP4, LM1, BM1, LM2, BM2). According 

to Driesch (1976) and Testu (2006), we measured the following 14 variables on the long 

bones: total length (TL), breadth of the proximal epiphysis (Bp), depth of proximal 

epiphysis (Dp), smallest breadth of the diaphysis (SD), smallest depth of the diaphysis 

(SdD), breadth of distal epiphysis (Bd), depth of distal epiphysis (Dd) for femur and humerus; 

breadth of the lateral articular surface (Bla), breadth of the radius articular surface (Bra), 



117  

depth above the olecranic fossa (Doa), smallest breadth of the olecranon (Sbo), smallest 

depth of the olecranon (Sdo), smallest depth above of the olecranon (Sdao), greatest height 

of glenoid cavity (Ghg) for ulna. 

Literature data on fossil badgers from the Late Villafranchian to Aurelian (Early–Late 

Pleistocene) of Austria, France, Germany, Greece, Italy, Spain, Romania, and Caucasian 

region were used (Table 1). Literature data also for the extant badgers coming from the 

following geographic regions according to Abramov & Puzachenko (2005) and Abramov et 

al. (2008): southwestern Norway, main Fennoscandia (eastern Norway, Sweden, and 

southern Finland), and Transcaucasia (Transcaucasia, South Turkmenistan, and Pamir) 

were used.  

The taxonomic attribution of the Grotta Laceduzza sample is based on the diagnostic 

craniodental features of extant Euriasan badger (Baryshnikov et al. 2003) and fossil M. 

thorali and M. meles from Pleistocene sites of Europe (Arribas & Garrido 2007; Madurell-

Malapeira et al. 2011a, b). 

The size of M1 and M1 of the specimens from Grotta Laceduzza was compared with 

literature data on Pleistocene throughout standard bivariate plot. In mustelids, these teeth 

enable determining masticatory performance and bite force and their morphology and size 

are linked to diet (e.g., Baryshnikov et al. 2003; Madurell-Malapeira et al. 2011a, b). 

Some craniodental measurements on extant badger populations (Cbl, Zb, Gmb, Wr) are 

related to sexual dimorphism ((male average measurement – female average 

measurement/male average measurement) X 100); the Italian sample has been used to 

define the gender of the fossil specimen LCD-20. 

Age estimation of badgers is based on different elements, such as the epiphysis fusion and 

obliteration of the sutures (Hancox 1988), dental eruption (Neal & Cheeseman 1996), 

degree of dental wear (Stubbe 1965; Hancox 1988; Delahay et al. 2011), tooth crown height 

(Delahay et al. 2011), pulp cavity/tooth width ratio (Harris et al. 1992), and cementum annuli 

counting (Leyssac & Madsen 2001). The ontogenetic development is influenced by several 

environmental and genetic factors and is different in each individual; therefore, the estimated 

age of our sample is purely indicative. 

Two log-ratio diagrams (Simpson 1941; Simpson et al. 1960) have been used to compare 

the Grotta Laceduzza fossils with extant badgers coming from central Europe (France, 

Germany, Belgium, Switzerland, and Poland), Italy, southwestern Norway, main 

Fennoscandia (eastern Norway, Sweden and southern Finland), and Transcaucasia 
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(Transcaucasia, South Turkmenistan, and Pamir). All measurements were converted to their 

logarithms. The material from Grotta Laceduzza was chosen as the standard of comparison, 

representing the baseline or reference line of the diagram. 

 

5.9.2 Mele meles  

The badger fossil from late Middle to Late Pleistocene sites of Apulia have been taken in 

account. Two two log-ratios (Simpson 1941; Simpson et al. 1960) have been used to 

compare the fossil material of badger from Apulia.  

The extant material from Italian Peninsula was chosen as the standard of comparison, 

representing the baseline (or reference line) of the diagram. 

 

5.9.3 Gulo gulo 

To build our comparison dataset, the available studies on G. gulo from the Late Pleistocene 

of European fossil record were considered (Döppes, 2001; Cipullo, 2005; Diedrich & 

Copeland, 2010). Because the fossil records are sparse and fragmented, all morphometric 

measurements available for at least two of the three peninsular records of G. gulo were here 

included (see Appendix SX). Morphological and morphometric data on the extant G. gulo 

derived from Kurtén & Rausch were also collected (1959). M1 measurements of extant 

wolverines was only collected as it was the only measurement also available in Italian 

peninsular fossils. The measurements were taken with a digital caliper to the nearst 0.1 mm 

folliwing Driesch (1976) (see abbreviations below). The differences in morphometric 

measures between peninsular and continental fossil records, and for extant and fossil 

specimens, using bayesian t test (BEST package in R) have been tested. This approach 

estimate the difference in the mean value of the marginal posterior distributions of the 

parameters inferred from the two samples, and the probability that this difference is greater 

than zero (Kruschke 2012). The ability of a frequentist test to reject a null hypothesis is 

notoriously affected by sample size, in particular, very small sample size as in our case 

study tend to limit the ability of the test to reject the null hypothesis. Differently, bayesian 

inference accurately reflects the uncertainty given by the sample size in the result by 

reallocating credibility to parameter values that are consistent with the observed data 

(Kruschke 2012; van de Schoot et al. 2013). The test has been performed only for those 

morphometric measures for which the peninsular sample had at least two or three records. 
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5.9.4 Mustela putorius  

The cranium, with a catalogue number M8232, described herein was discovered during a 

field survey in the quarries of Melpignano area by Mirigliano. The specimen is housed in the 

“Museo di Paleontologia dell’Università di Napoli Federico II”. Mirigliano (1941) reported the 

presence of a nearly complete right hemimandible and its measurements. Unfortunately, the 

fossil was lost, therefore the biometric data taken by Mirigliano are used for the comparison.  

According to De Marinis (1995) and Abramov et al. (2016), 28 craniodental variables have 

been considered: condylobasal length (Cbl), facial length (FL), braincase length (BL), 

sagittal crest length (Scl), tympanic bullae length (Tbl), rostrum width (Rw), foramen 

interorbitary width (Fiw), postorbital constriction (Pow), bimolar width (Bw), mastoid width 

(MW), braincase height (Bh), upper toothrow length (Utl), length and breadth of incisive (I1-

I3L and I1-I3W), canine (C1L and C1W), premolars (P2-P4L and P2-P4W) and upper first molar 

(M1L and M1W). We also detected the measures, length and width, of every tooth. The 

measurements were taken to the nearest 0.1 mm with a digital calliper.  We also considered 

6 variables for the hemimandibles and 2 for the lower teeth: total length (Tl), length from the 

anterior border of the canine to condyle (Lcc), height of the vertical mandibular ramus (Hvr), 

length of the lower checktooth row (Lcr), length from the anterior border of the P1 to posterior 

border of the M1 (LP2M1), height of the mandibular corpus above M1 (HM1), length and width 

of lower first molar (M1L and M1W).  

Literature data on fossil Polecat from Aurelian (late Middle Pleistocene -Late Pleistocene) 

from France, Italy and Spain were used (Tab. 89). Morphometric data on the fossil specimen 

from Avetrana housed in the PaleoFactory laboratory of Sapienza, University of Rome were 

also collected. Literature data also for the extant Polecat coming from the Italian Peninsula 

(De Marinis, 1995) and Russian (Abramov et al., 2016) and extant Steppe polecat from 

Russia (Abramov et al., 2016) were used (Tab. 89).  

Some craniodental measurements on extant Polecat populations (Cbl, Rw, Pow, Bw, Gmb, 

Upl) are related to sexual dimorphism ((male average measurement – female average 

measurement / male average measurement) X 100), the Italian sample (data from De 

Marinis, 1995) has been used to define the gender of the fossil specimen M8232. 

Age estimation of Polecat are based on different elements, such as the obliteration of the 

sutures (Buchalczyk & Ruprecht, 1977; Ansorge & Suchentrunk, 2001), dental eruption and 

degree of dental wear (Buchalczyk & Ruprecht, 1977).  
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6. Results and Discussion  
 
Considering the numerousness of both studied sites and fossils, the biometric analysis has 

been performed on the craniodental material. The mammal taxa have been selected mainly 

based on the availability of data collected as well as those detectable from literature. 

Moreover, some species (Stephanorhinus hemitoechus, Equus ferus, Sus scrofa, Dama 

dama and Canis lupus) have been analyzed in order to test the possible evolutionary trends 

proposed by several authors. Beside these taxa, the analyses have been focused on other 

species, for which a rich comparison database was collected, such as Bos primigenius, 

Cervus elaphus and Canis lupus.  

The aim of morphological and biometric analyses is to identify possible differences among 

the mammal populations through the time, which could provide biochronological inferences.  

Taking in account several parameters, among which the increased of the documentation 

and intensity of the climatic fluctuations, a finer chronological detail needed and, therefore, 

the Marine Isotope Stage (MIS) scale has been used. This scale scans the chronology with 

a more precise detail and strongly correlated with the major climatic oscillations.  
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6.1 Rhinocerotidae 
6.1.1 Stephanorhinus  

During the 1990s, the rhinoceros fossil remains from Apulia have been mainly referred to 

Rhinoceros merckii (=Stephanorhinus kirchbergensis), as happened for example in the 

cases of Grotta Romanelli, Melpignano and Grotta Uluzzo C (Blanc, 1920, 1928; Borzatti 

von Löwestern & Magaldi, 1969). 

A number of studies have recently focused on the revision of the rhinoceros materials from 

Apulian Peninsula and the fossils from the bed 3, 6 and 8 of Avetrana, levels I and L of 

Grotta del Cavallo, Grotta del Sarcofago, Ingarano, Melpignano and levels 3 and 5 of Riparo 

l’Oscurusciuto have been referred to Stephanorhinus hemitoechus (Pandolfi & Petronio, 

2011; Pandolfi et al., 2017a). Instead, from Grotta Romanelli three different species have 

been identified: the specimens from the level G were attributed to S. hemitoechus (Pandolfi 

et al., 2018); a single isolated proximal epiphysis of a third metacarpal from the level I was 

attributed to Coeolodonta antiquitatis (Pandolfi & Tagliocozzo, 2013) (recently reconsidered 

doubtfully as level H by Pandolfi et al., 2018); the specimens from the levels I and K have 

been attributed to Stephanorhinus sp. and Stephanorhinus hundsheimensis respectively 

(Pandolfi et al., 2018). Furthermore, new material has been collected from the level I during 

the 2015-2019 fieldwork activities from Grotta Romanelli, among which a third metacarpal 

(RR184).  

Following the distinctive morphological criteria proposed by Pandolfi & Tagliocozzo (2013), 

the morphological comparison of the third metacarpal has been carried out (Fig. 37; Tab. 

42). The specimens MNPELP S.N. and RR184 from the level I of Grotta Romanelli possess 

a marked articular surface of uncinate and magnum, a subtrapezoidal shaped anterior 

articular surface of IV metacarpal and sub-triangular shaped posterior articular surface of IV 

metacarpal. These features are shared with the specimens P7456 from level K of Grotta 

Romanelli and 30698 from Contrada Monticelli, both attributed to S. hundsheimensis (Tab. 

42). 

Against, the morphology of III metacarpals from level I of Grotta Romanelli differ from C. 

antiquitatis where the anterior surface for the IV metacarpal is sub-triangular, the lower 

border of the anterior surface reaches almost that of the posterior one and the lateral 

tuberosity is larger, whereas the posterior surface for the IV metacarpal is circular shaped 

and less developed. Instead, they differ from S. hemitoechus having the anterior surface for 

the IV metacarpal sub-trapezoidal shaped and the lateral tuberosity is marked, whereas the 

posterior surface for the IV metacarpal is sub-trapezoidal. Therefore, the morphology of the 
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MNPELP S.N. from the level I of Grotta Romanelli, previously attributed to Coeolodonta 

antiquitatis (Pandolfi & Tagliocozzo, 2013; Pandolfi et al., 2018), cuold be ascribed to S. 

hundsheimensis.  

 

  Features Stephanorhinus hundsheimensis Stephanorhinus hemitoechus Coelodonta antiquitatis 

I Articular surface of 
uncinate and magnum  Marked Less marked Well marked 

II-III 
Anterior articular surface 
of IV metacarpal and the 

lateral tuberosity 

 Sub-trapezoidal shaped, the 
lower border of the anterior 

surface is less developed than 
that of the posterior one and the 
lateral tuberosity is less marked 

Sub-trapezoidal, the lower border 
of the anterior surface is less 

developed than that of the 
posterior one and the lateral 

tuberosity is marked 

Sub-triangular, the lower border 
of the anterior surface reaches 
almost that of the posterior one 

and the lateral tuberosity is 
much marked 

III Posterior articular surface 
of IV metacarpal  

Sub-triangular shaped and well 
developed  

Sub-trapezoidal shaped and well 
developed  

Circular shaped and less 
developed  

IV Antero-lateral surface of 
the proximal epiphysis  Marked  Less marked  Well marked  

Tab. 42 – Diagnostic characters of the third metacarpal proposed by Pandolfi & Tagliacozzo (2013) and 

Pandolfi et al. (2018).  
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Fig. 37 – Third metacarpal of Stephanorhinus hundsheimensis: 1 - P7456 from level K of Grotta Romanelli 
referred to (modified from Pandolfi et al., 2018); 2 - MNPELP s.n. from level I Grotta Romanelli (modified from 
Pandolfi & Tagliacozzi, 2013); 3 - RR184 from from level I Grotta Romanelli; 4 - 30698 from Contrada 
Monticelli; Stephanorhinus hemitoechus: 5 - P40/13 from Valle Radice (Sora, Latium) (modified from Pandolfi 
& Tagliacozzo, 2015); 6 - MPUR GL206 from Grotta Lina (Maratea, Calabria) (modified from Pandolfi & 
Tagliacozzi, 2013); Coelodonta antiquitatis: 7 – specimen from North Sea (https://sketchfab.com/3d-
models/woolly-rhino-metacarpal-3rd-180d2b1968f0475b90895ff1bd04d5c9); 8 – CC767 from Cardamone. 
Fossils are figured in medial (a), lateral (b) and proximal (c) views.  
 
 
The presence of the Toula’s rhinoceros (S. hundsheimensis) led Pandolfi et al. (2018) to 

biochronologically referr the level K of Grotta Romanelli to Isernia F.U. (about 0.6 Ma), since 

this species disappeared from Italian Peninsula fossil record during the early Middle 

Pleistocene (MIS 16-15). In southern Italy, the Toula’s rhinoceros has been reported only 

from the early Middle Pleistocene site of Contrada Monticelli (Bari) (Mazza & Varola, 1999, 

this work) and Isernia La Pineta (Breda & Ballatore, 2013). On the contrary, the new 

stratigraphic and radiometric data indicate a late Middle Pleistocene age for the levels K-I 

(MIS 10-8), suggesting that the Toula’s rhinoceros persisted in southern Italy and coexisted 

with the narrow-nosed rhino (S. hemitoechus) for a long time. Indeed, the first appearance 

of S. hemitoechus is from Campagna Romana approximately at 0.5 Ma (Pandolfi et al., 

2013).  

The narrow-nosed rhino material from the Salentine Peninsula has recently been compared 

with those of Italian Peninsula and French fossiliferous sites chronologically referred from 

Middle to Late Pleistocene (Pandolfi & Petronio, 2007, 2011; Pandolfi et al., 2017). The 

authors stated that the small-sized rhino remains from the Salentine Peninsula are closer to 

the specimen from both Italian Peninsula (e.g., Torre del Pagliaccetto, Malagrotta, MIS 10-

8) and French (e.g., Lunel-Viel, MIS11) Middle Pleistocene sites, whereas they are smaller 

than those from late Middle Pleistocene (e.g., Vitinia, Grotta Lina, MIS 7-6) and Late 

Pleistocene (e.g., San Colombano al Lambro) of the Italian Peninsula (Pandolfi & Petronio, 

2011).  

Finally, the rhino material from Grotta Zinzulusa, Grotta dei Giganti and Grotta dei Ladroni 

has been studied here for the first time. The samples have been ascribed to S. hemitoechus.  
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6.1.2 The case study of Melpignano 

Description 

Neurocranium  

MPND 1082 specimen is a partial juvenile neurocranium consisting of eight disarticulated 

elements (Fig. 38) in relatively good state of preservation. In dorsal view, the frontals are 

damaged and split in three fragments, two isolated and one still articulated to the parietals. 

The dorsal surface of the largest isolated fragment is flat and its anterior edge correspond 

to a quite damaged frontonalsal suture. The parietals are well preserved with a rounded and 

smooth surface, free of temporal lines and characterised by a butterfly-like outline. Along 

the posterior margin of the parietals a marked notch receives a well-developed interparietal 

bone. The left side of the occipital is broken exposing the inner spongy bone tissue. The 

coronal, sagittal and lambdoid sutures are clearly visible and unfused. In lateral view, the 

frontals are slightly projected upwards in correspondence of the coronal suture. The 

parietals are dorsally quite flat with a small bulge crossed by the sagittal suture and located 

slightly in front of the interparietal bone. Anteriorly, the parietals are inflected forming a slight 

depression between the bulge and the coronal suture. On the left squamosal suture a 

fragment of a temporal is still connected to the parietal, while the right one is completely 

exposed and perfectly matches with the isolated fragment of the temporal. The caudal and 

basal portions of the right temporal are damaged, the zygomatic process is broken at the 

base, the external acoustic meatus is of sub-elliptical shape, the mastoid process is 

damaged, while the paraoccipital and postglenoid processes are missing. Dorsally, the 

occipital crest follows the flat profile of the parietals and is slightly projected backwards. In 

ventral view, the frontal shows a series of asymmetrical small pneumatic cavities 

corresponding to the frontal sinuses. The vault of the brain cavity is free of convolutions 

traces, except for some small grooves left by the blood vessels in correspondence of the 

parietal lobes. In caudal view, the preserved portion of the occipital shows a trapezoidal 

profile crossed by a deep fracture which cuts the bone in to two parts. The plane of the 

occipital surface is sub-vertical whit a marked recess just below the occipital crest. The 

basisphenoid is divided in three fragments and both the caudal alar foramina are preserved. 

Natural brain endocast 

The specimen MPND 1083 (Fig. 38) is a partial natural brain endocast mostly consisting of 

the telencephalon, while the olfactory bulbs and the cerebellum are almost completely 

missing. MPND 1083 is globular in shape and is 97.3 mm long, 98.8 mm of maximum width 

and 67.5 mm height with an approximate volume of 313 cm3.  
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Fig. 38 – Rhinocerotidae from Melpignano. Braincase MPND1082 in dorsal (a), ventral (b), left lateral (c), right 
lateral (d), and occipital (e) views; fragment of the frontals in dorsal (f) and ventral views; fragment of the right 
parietal in dorsal (h) and ventral (i) views; right temporal in right lateral (j) and ventral (k) views; fragmented 
basisphenoid in ventral (l-n) view.  Natural brain endocast MPND1083 in dorsal (o) and ventral (p) views. Scale 
bar 5 cm. 

The whole cast is formed by a poorly cemented sediment of fairly uniform granulometry and 

characterised by a reddish-brown colour due to the iron oxides. Considering the fragility and 

the state of preservation of the specimen, only the general morphology of the telencephalon 

is appreciable. A grey-whitish patina partially enwraps some areas of the surface and 

corresponds to the residues of a consolidant agent applied in the early 90s. In dorsal view, 

the surface is irregular and affected by small cavities and fractures that prevent the 

identification of any morphological detail of the convolutions, blood vessels and nerves. Both 

the cerebral hemispheres are preserved but there is no evidence of the longitudinal fissure. 

The frontal lobes are less expanded than the parietal ones, which are divided from the 

cerebellum by a transverse fissure appreciable on the cast (Fig. 38). Unfortunately, the 

preserved portion of the cerebellum is too small and damaged to provide morphological and 
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biometrical information. Along the broken portion of the cerebellum a small coxal bone 

partially protrudes from the sediment (Fig. 38). In ventral view, the brain cast is strongly 

damaged preventing any anatomical description. 

 

3D processing of the bones 

By processing CT images of all the cranial fragments, we observed their inner structure, as 

the bone porosity and the fusion of the sutures, to estimate the age of the specimen. The 

virtual cutting of the neurocranium along the sagittal plane, evidenced a reduced bone 

density at the innermost portions of the occipital and the parietals, consisting of spongy bone 

tissue with no evidence of well-developed pneumatic chambers (Fig. 39). A bone thickening 

is observed in correspondence of the parietal bulge along the sagittal plane.  

 

Fig. 39 - Digital section along the sagittal plane of the braincase MPND1082 in right lateral view. The dark-
gray areas indicate the spongy bone tissue. Sale bar 5 cm. 

 

The spongy bone structure of the parietals is dorso-ventrally expanded close to the lambdoid 

suture and it thins noticeably under the parietal inflection just before the coronal suture (Fig. 

39). The reduced fusion of all the neurocranial sutures have been also highlighted through 

the CT images. The lambdoid suture shows wide empty spaces between the occipital and 

the parietals with smooth bone walls, whereas in correspondence of the coronal suture the 

bone tissue forms a hinge with very irregular and interdigitated bone margins.  
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Fig. 40 – Digitally restored braincase MPND1082 in dorsal (a), ventral (b), right lateral (d), and occipital (e) 
views; reassembled basisphenoid in ventral (e), right lateral (f), dorsal (g), and caudal (h) views. Scale bar 5 
cm. 
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Due to the fragility of the bones, we opted for a digital restoration to avoid damaging the 

original material. The virtual copies of all the neurocranial fragments have been manually 

reconnected matching the complementary margins of the bones (Fig. 40). Unfortunately, the 

unavailability of skulls belonging to juvenile rhinoceros, prevented the digital acquisition of 

a 3D reference model for a restoration with geometric morphometric techniques. Despite 

this, the high correspondence of the fragments allowed to obtain a more complete version 

of the neurocranium, highlighting the slightly curved profile of the dorsal part of the 

neurocranium in correspondence of the fronto-parietal suture. The basisphenoid (Fig. 40), 

obtained by the connection of three fragments, is the only isolated bone due to the lack of 

connection edges with the other neurocranial bones.  

3D processing of the endocasts 

CT images confirm the presence of several fracture lines of different thickness, ranging from 

0.3 to 2.7 mm, which run irregularly within the natural endocast (Fig. 41). Some of these, 

especially the largest, are in continuity with the fractures visible on the surface with a pattern 

resembling those of the “mud cracks” (Fig. 41). A large number of empty sub-spherical holes 

ranging from 0.5 to 6.7 mm are arranged chaotically inside the specimen in partial overlap 

with the fractures (Fig. 41). Despite the uniform granulometry of the sediment, CT images 

evidenced the presence of few dense and rounded objects of millimetre size, probably 

coarse sand and small pebbles (Fig. 41). Three small fragmented bones embedded in the 

sediment have been virtually extracted from the caudal portion of the endocast, where they 

are irregularly arranged. The size and morphology of these bones are compatible with those 

of a lagomorph and consist of a left calcaneus, a proximal epiphysis of a third right 

metatarsal and a right coxal bone (Fig. 41). The latter, is the largest and best preserved 

among the segmented bones and is the only partially exposed on the surface. In addition to 

the digitalized specimen MPND 1083, we made a second replica of the brain using the 

neurocranium MPND 1082 as a digital mould, obtaining also a biased 3D model of the 

paranasal pneumatization (Fig. 42). In this second endocast, the cerebrum is globular, 

divided in two hemispheres by a longitudinal fissure both with smooth surface and free of 

convolutions (Fig. 42). Some tubular marks interpreted as blood vessels are evident along 

the parietal lobes and close to the transverse fissure (Fig. 42).  
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Fig. 41 – CT images of the natural brain endocast MPND1083. 3D model of the brain in dorsal (a), ventral 
(b), left lateral (c), and right lateral (d) views. Inner structure of the endocast in coronal (e) and transverse (f) 
sections. Arrangement of the bone fragments embedded within the endocast (g) corresponding to a left 
calcaneus (h), a proximal epiphysis of a third right metatarsal (i), and a right coxal bone (j) of a lagomorph. 
Scale bar 3 cm. 

As the consequence of the weak fusion of the sagittal suture, the longitudinal fissure 

impressed on the digital cast would seem to be projected upwards, this graphic effect is 

therefore an artefact. Indeed, the two main protrusions of the longitudinal fissure are located 

right in correspondence of the slits observed along the sagittal suture (Fig. 42). Concerning 

the paranasal sinuses, they are characteristic air-filled chambers developed in different 

cranial bones of placental mammals and are commonly divided into maxillary, frontal and 

sphenoidal sinuses (Falk, 2009; Boscaini et al., 2018). Processing the CT images of MPND 

1082, multiple chambers with a diameter just over one centimetre have been evidenced only 
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in the frontal bones (Fig. 42), thus corresponding to the frontal sinuses. Such a 

pneumatization is missing inside the occipital, the parietals and the temporals, where 

instead, abundant spongy bone tissue is observed (Fig. 39). In dorsal view, the frontal 

sinuses of MPND 1082 are posteriorly delimited by the coronal suture with some terminal 

lobes that reach the anteriormost portion of the parietals, covering a large part of the frontal 

lobes of the brain (Fig. 42). Anteriorly, the air-filled chambers end two centimetre before the 

frontonasal suture in a completely different assessment compared to that of an adult 

rhinoceros, where the frontal sinuses are part of a much extended and more complex system 

of cranial pneumatisation (Fig. 42). 

 
F 
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Fig. 42 -Comparative CT images in dorsal view of the paranasal pneumatisation and brain morphology of 
MPND1083 (a-b), Diceros bicornis (c-d), and Ceratotherium simum (e-f). 3D model of the brain and frontal 
sinuses obtained from the braincase MPND1082 (g), digitalized natural endocast MPND1083 (h), endocast of 
D. bicornis (i), and C. simum (j). Sale bars 5 cm 
 

 

Discussion 

Brain and paranasal sinuses 

CT-scan devices have been largely used to obtain digital brain endocasts of a wide range 

of fossil vertebrates from different geological periods, including large mammals (Boscaini et 

al., 2018). Collecting and processing sensory information, the brain represents a 

fundamental organ for the interpretation of the sensory-perceptual ability in vertebrates, as 

well as, its external morphology and volume can be analysed for anatomical and 

evolutionary studies. Despite this, no palaeoneurological studies have been performed on 

fossil rhinoceroses, probably due to the rarity of well-preserved braincases. An exception, 

is represented by the mummified cub of C. antiquitatis from the Siberian permafrost, where 

the CT images revealed the presence of several organs including brain tissue (Protopopov 

et al., 2015). This makes the specimen MPND 1083 the only natural brain endocast of a 

Pleistocene rhinoceros documented to date. A natural brain endocast is a brain replica 

obtained by the lithification of the sediment inside the brain cavity, a process that occurs 

only under specific sedimentary conditions (Hu et al., 2014; Ivanoff, 2014; Iurino et al., 

2015). The integrity of such a cast and the quality of its morphological details, depend on 

multiple factors as the type and granulometry of the sediment, the amount of filling material 

and the presence of percolation waters depositing calcium carbonate or other cementing 

particles. The consistence of the Melpignano endocast is very friable and is crossed by 

several fracture lines, indicating a low degree of mineralization, probably related to the low 

abundance of percolation water or its low mineral content. Despite its fragility, the overall 

size of the original specimen is few millimetres smaller compared to the digital model 

obtained from the neurocranium MPND 1082, indicating a weak erosive processes that have 

mainly affected the surface of the cast. Probably the presence of the neurocranium has 

performed a protective function against any erosive agents, favouring the preservation of 

the brain endocast. CT analyses allowed to virtually extract three small bones embedded 

inside the cast (Fig. 42), represented by a left calcaneus, a third right metatarsal and a right 

coxal bone referred to Oryctolagus cuniculus. Both, the heel and the metatarsal fragment, 

show a bad state of preservation. In particular, the external surface of the calcaneus is 
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strongly altered and affected by several holes, while the inner portion is empty and the 

spongy bone tissue is missing. A similar deterioration could be due to weathering process, 

or as a result of chemical aggression occurred during the digestion process of a medium-

large predator (Horwitz, 1990).  Concerning the anatomy, only the general morphology of 

the brain is recognizable. MPND 1083 is mostly consisting of a globular telencephalon, free 

of convolutions with the frontal lobes less expanded than the parietal ones resembling those 

reported on Ceratotherium simum and Dicerorhinus sumatrensis (Garrod, 1878; 

Bhagwandin et al., 2017) and quite different from that of Diceros bicornis. In dorsal view, the 

brain of the black rhino shows a very rounded shape without the narrowing in 

correspondence of the lateral sulcus. The different brain morphology between C. simum and 

D. bicornis is noticeable in Fig. 42 and has been studied with Magnetic Resonance Imaging 

by Bhagwandin et al. (2017) and related to diet. Excluding the olfactory bulbs and 

cerebellum, which are no preserved, the volume of MPND1083 (≅ 302,915 cm3) is about 

half of those obtained for both, C. simum and D. bicornis (Fig. 42).  

In natural brain endocasts, the lack of convolution is related to several biological and post 

mortem factors. Among gyrencephalic mammals, carnivores generally have less complex 

and very prominent convolutions, on the contrary, in large herbivores the patter of the 

convolution is less marked and more complex (Roth and Dicke, 2005; Macrini et al., 2007). 

Consequently, the convolution pattern imprinted on the brain endocasts of large herbivores 

is often less prominent giving the surface a fairly smooth appearance, amplified by the 

covering effect of the meninges. To this, could be added any erosion processes which may 

have affected the natural endocast, further erasing the convolutions traces. Therefore, the 

discovery of a natural brain endocast of an herbivore with well-preserved convolutions 

represents a particularly rare event. The pattern of convolutions documented on the brain 

endocasts of juvenile fossil mammals strongly resemble those of adults, indicating that the 

general brain morphology is almost completely formed in new-born individuals (Falk, 2009; 

Petrovič et al., 2018). In the Melpignano specimen, the inner vault of the braincase is well 

preserved and free of sediment. Therefore, the lack of convolutions on the virtual brain 

endocast would seem to be due to the covering effect of the meninges on low marked 

convolutions, rather than erosive processes or the early age of the specimen. Traces of 

blood vessels have been found in several mammalian endocasts allowing, in some 

exceptional cases, a detailed description of the venous and arterial circulatory system of the 

brain (Boscaini et al., 2018). Only three small tubular grooves interpreted as blood vessels 

have been detected on the Melpignano specimen. Two of these are located on both the 



134  

parietal lobes, corresponding to the branches of the parietal meningeal vein, and one 

positioned close to the transverse fissure corresponding to the transvers sinus (Fig. 42). 

Despite different pattern of cranial pneumatisation have been documented in several 

mammalian taxa, their function is still unclear and debated, and several hypotheses have 

been proposed involving multiple ecological, morpho-functiopnal and developmental factors 

(Farke, 2010). Such studies on rhinoceroses are almost completely missing (Gerard et al., 

2018) and very few is known about the development of cranial pneumatisation in fossil and 

extant taxa. The paranasal sinuses of adult C. simum and D. bicornis form a complex 

asymmetrical system of breached pneumatisation in almost all the cranial bones, including 

both, the parietals and the occipital (Fig. 42). To the contrary, in the MPND 1083 specimen 

the pneumatisation would seem to concern only the frontal bones (Fig. 42) while the occipital 

and the parietals are filled by spongy-bone tissue without pneumatic cavities (Fig. 39). In 

adult specimens of white and black rhino, the chambers are very wide and of irregular shape 

compared to those of the Melpignano cub, characterised by sub-spherical shape, arranged 

more regularly and whit a diameter just over one centimetre. The sagittal sections of the 

skull revealed different developmental patterns of the paranasal pneumatisation across the 

considered sample (Fig. 43). The adult skulls of extant African rhinos, C. simum and D. 

bicornis, shares a very wide pneumatisation, involving almost all the neurocranial bones as 

well as the splancnocranial region, which is interested by large nasal sinuses. The 

pneumatisation of the occipital bone is completely developed in adults and still full of spongy 

bone tissue in the 6 years old C. simum (Fig. 43).  In adult C. antiquitatis the lack of 

nasoconcal sinus and the strong reduction of the cranial pneumatisation would seem to be 

a peculiar trait of this species (Fig. 43) as indicated also by other authors (Garutt, 1997; 

Fernández and Vicente, 2008; Shidlovskiy, 2011). In fact, the cranial architecture of adult 

woolly rhinoceros differs considerably from that of other fossil and extant horned 

rhinoceroses for a larger thickness of the nasal bones, a completely ossified nasal septum, 

a flat nasal horn and the retracted back of the occipital (Fig. 43). This strengthening of the 

cranial architecture and the expansion of the insertion areas of the neck muscles have been 

interpreted as an adaptation to sweep away large volumes of snow to reach the forage in 

Arctic environments. Curiously, the CT images of a frozen cub of a Late Pleistocene woolly 

rhino (Protopopov et al., 2015) show a wide empty chamber inside the cranium just up to 

the brain cavity which involves the occipital, the parietal and the frontal bones (Fig. 43). 
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Fig. 43 - Sagittal section of selected crania of an adult Coelodonta antiquitatis (a), an adult Diceros bicornis 
(b), an adult Ceratotherium simum (c), a 6 years old C. simum (d), the 1-1.5 years old specimen MPND1082 
(e), and the 4-5 months old cub of C. antiquitatis (f). The images are not in scale. 
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A similar arrangement of the cranial sinuses has been briefly documented by Fernández 

and Vicente (2008) on a Late Pleistocene C. antiquitatis from the Bown Bank site of the 

North Sea. It is not clear how much the contrast of the CT images reported by Protopopov 

et al. (2015) has affected the visibility of the spongy bone tissue, which however appears 

evident in other areas of the figured neurocranium. This indicates that the cranium of a 4-5 

months old woolly rhino was probably characterised by a wider pneumatization compared 

to the Melpignano specimen, which is almost unpneumatised although it belongs to an 

individual in an older ontogenetic stage. Wide neurocranial sinuses has been documented 

also on a 6 years old white rhino (Gerard et al., 2018), but unlike the frozen…. in both the 

specimens the inner part of the occipital consists of spongy bone and no empty chambers 

have been observed (Fig. 43).  At the current state of knowledge, the reason of such an 

early and intense development of the skull pneumatisation in juvenile woolly rhinos and its 

palaeoecological inferences are not clear.  

 

Age and taxonomy 

The specimen from Melpignano is a rhinoceros neurocranium characterized by reduced 

dimensions and unfused cranial sutures, both indicating the young age of the specimen also 

confirmed by CT analyses (Fig. 39). Due to the paucity and the fragmentary nature of the 

cranial samples, the age estimation in fossil rhinos is conventionally based on teeth features 

such as they wear and development. According to Tong and Wang (2014), the cranium of 

Coelodonta nihowanensis V 17616.1 from the early Pleistocene site of Shanshenmiaozui 

(China), has been attributed to around 1.5 years old specimen, following the age estimation 

methods defined on Ceratotherium simum by Hillman-Smith et al. (1986) and those 

suggested by Garrutt (1994) on Coeolodonta antiquitatis. Based on teeth analysis, an age 

of 4-5 months has been attributed to the outstanding cub of C. antiquitatis from the Late 

Pleistocene area of Semyulyakh River in Abyi District of Yakutia Republic (Russia) 

(Protopopov et al., 2015; Dirks et al., 2016). Both the specimens have unfused sutures and 

rounded parietals, more than those appreciable on the juvenile, but quite larger, cranium of 

Stephanorhinus kirchbergensis No.H36 form the Rhino Cave in Shennongjia (China) (Tong 

and Wu, 2010). The latter, has been defined as juvenile without specifying the age of the 

individual. In his comparative study on the ontogeny in Teloceras major from the Miocene 

Ashfall Fossil Beds, Nebraska (USA), Hagge (2010) reported that the cranial suture 

development is similar among rhino species.  
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Fig. 44 - Comparative images in right lateral view of selected braincases of juvenile (a-d) and adult (e-h) 
Pleistocene rhinos from Europe. MPND1082 (a), Stephanorhinus kirchbergensis No.H36 (b), Coelodonta 
antiquitatis V 1453 (c), C. nihowanensis V 17616.1 (d), S. etruscus Mainz 1958/764 (e), S. kirchbergensis from 
Spinadesco (Cremona, norther Italy) (f), S. hemitoechus RGM 93302 (g), and C. antiquitatis SfN (h). The red-
coloured areas indicate the “Stephanorhinus” features while the blue areas indicate the “Coelodonta” features 
evidenced on the juvenile specimens. The images are not in scale. 
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The parietal-occipital and frontal-parietal sutures in rhinos close at the age of 5-7 years, 

corresponding to the class age VI–VIII proposed by Hitchins (1978) based on cementum 

line counts and known-age individuals. According to this, we extended our comparison of 

the cranial sutures also to extant and Miocene taxa as T. major (Hagge, 2010), Paradiceros 

mukirii (Hooijer, 1968; Werdelin, 2010) and Chilotherium wimani (Deng, 2001) to better 

define the age of the Melpignano specimen. All the morphological features, as the unfused 

sutures, the globular shape of the parietal bones and the overall size of MPND 1082 are 

compatible with those of about 1-1.5 years old specimens. 

Because of the intense process of bone development in juvenile mammals, many of the 

diagnostic characters used for taxonomic purposes as well as for the sex determination are 

not fully formed. Rhinoceroses in age classes I-II (newborn) show rounded crania except C. 

simum, which is elongated with more marked angles. The lengthening of the crania and the 

development of adult morphological characters, as the occipital crest pronouncement and 

temporal lines appearance, begins during the age class III-V (2-4 years) (Hagge, 2010). 

According to this, the Melpignano cub falls into an age group in which the skull mainly 

preserves the infantile morphologies, quite different from those of adults and generally 

considered of lower diagnostic value for taxonomic studies. The comparison with juvenile 

Pleistocene rhinos has evidenced how in lateral view, the dorsal profile of MPND1082 shows 

a marked fronto-parietal angle compatible to that observed in S. kirchbergensis No.H36 

(Tong and Wu, 2010) and noticeably different from those of C. antiquitatis and C. 

nihowanensis IVPP V 17616.1 (Tong and Wang, 2014; Protopopov et al., 2015) where the 

fronto-parietal profile is almost flat (Fig. 44). On the contrary, the lateral profile of the occipital 

crest is triangular in shape with a narrow vertex in Melpignano and Coelodonta specimens, 

while is more rounded and anteriorly projected in the juvenile S. kirchbergensis. In caudal 

view, the latter, shows a more marked dorso-ventral development of the occipital bone 

compared to MPND1082 and Coelodonta specimens. The only comparative scheme of the 

auditory region in rhinos was proposed by Loose (1978) and no detailed studies of how the 

auditory region changes during the ontogenesis of fossil and extant rhinoceroses have been 

reported. The acoustic meatus of MPND1082 and Coleodonta specimens are quite broad 

and semicircular in shape, located in an advanced position with respect to the occipital 

plane. A different arrangement has been noticed on the juvenile and adult S. kirchbergensis 

characterised by a drop-shaped meatus located in a more backward position close to the 

occipital plane (Fig. 44). This combined set of Coleodonta - Stephanorhinus characters 

evidenced on the Melpignano specimen further complicates the taxonomic study, although 
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could suggest a close phylogenetic relation with these two genera, reported as sister group 

by several cladistics studies, both on molecular and morphological basis (Piras et al., 2010; 

Deng et al., 2011; Welker et al., 2017). The fossil rhinos from Melpignano have been 

classified as S. kirchbergensis by Fortelius (1993) and Barbera et al. (2006) and 

successively referred to S. hemitoechus (Pandolfi and Petronio, 2011; Pandolfi et al., 2017). 

The comparison with adult individuals of Pleistocene taxa, especially S. kirchbergensis, S. 

hemitoechus and Coeleodonta, has provided few and confusing information as the main 

changes that occur during the ontogenetic process involve the occiput and the frontal plate, 

which become wider and develop angularly into adult morphologies starting from the class 

age V to X (4-9 years) (Hagge, 2010). The occipital and temporal crests also become more 

pronounced during the age classes X-XV (9-27 years) (Hagge, 2010) highlighting how the 

MPND1082 specimen consists almost completely of the cranial portions most involved 

during the ontogenetic development and therefore less suitable for taxonomic studies. In 

addition, some diagnostic elements of the temporal bone as the mastoid, the pterygoid and 

the postglenoid processes are missing or damaged, preventing a more detailed comparison. 

Consequently, the Melpignano braincase seems too young and fragmented for a valuable 

comparison with adult specimens belonging to the genera Stephanorhinus and 

Coeleodonta. As stated before, the only appreciable difference is with the adult S. 

kirchbergensis and concerns the shape and positon of the auditory meatus. Therefore, given 

the lack of more complete remains of juvenile Pleistocene rhinos, especially those of S. 

hemitoechus, the Melpignano specimen has been classified as Rhinocerotidae indet. 
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6.1.3 Coeolodonta antiquitatis 
 
The material attributed to Coeolodonta antiquitatis has been found in three Apulian 

fossiliferous localities: Cardamone, Gagliano del Capo and Ingarano. The material from 

Ingarano has been recovered in the talus, in unclear stratigraphical correlation with the 

deposit, together at the material attributed to P. antiquus, S. hemitoechus, H. amphibius and 

P. spelaea (see chapter 4). The wolly rhino from Ingarano is represented by a fragment 

second upper molar and serval fragmentary postcranial remains. 

The sample from Cardamone includes two partial crania, one complete and one fragment 

of mandible, several isolated upper teeth and several complete postcranial remains, 

representing the largest fossil collection of Coeolodonta antiquitatis of the Italian Peninsula. 

The two neurocrania show the unfused sutures and the mandible possesses decidous teeth 

with the permanent ones in eruption. The epiphyseal lines of the postcranial remains are 

completely unfused and several remains show the proximale and/or distale epiphyses 

disarticulated. Therefore, most of the sample can be referred to juvenile age class.  

The crania show a distant frontal-parietal crests and straight posterior border of the occipital 

crest in dorsal view.  The occipital crest overhangs the occipital condyles, the frontal-parietal 

crests are well evident and the occipital face is straight in lateral view.  

The occipital face is bell-shaped, the foramen magnum is triangular-shaped and the dorsal 

border of the occipital crest is convex in occipital view. The overall morphology of the 

neurocrania can be referred to C. antiquitatis, differing from that of S. hemitoechus, S. 

hundsheimensis and S. kirchbergensis (Tab. 43).  

The cranium from Gagliano del Capo possesses the overall morphology closer to that of 

the neurocrania from Cardamone. In addition, it differs from Stephanorhinus to other 

features such as the temporal crest, at the same level or higher than the superior edge of 

the zygomatic process of squamosal and the well-pronounced angle of the nasal horn 

boss.  

 

Features Stephanorhinus 
hundsheimensis 

Stephanorhinus 
hemitoechus 

Stephanorhinus 
kirchbergensis Coelodonta antiquitatis 

I occipital face  subtrapezoidal-shaped  subtrapezoidal-shaped  subtrapezoidal-shaped  bell-shaped 

II-III occipital crest 
less- developed and 

not overhang the 
occipital condyles 

slightly-developed and 
overhang the occipital 

condyles 

less- developed and 
not overhang the 
occipital condyles 

well-developed and 
overhang the occipital 

condyles 

IV dorsal border of 
the occipital crest concave straight concave convex 

Tab. 43 – Cranial diagnostic characters of genus Stephanorhinus and Coelodonta (data modified from 

Pandolfi et al., 2013; Tong & Wang, 2014; Pandolfi and Marra, 2015).   
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The Wolly rhino appears in Europe during the MIS 12 (about 460 kyr) from the Bad 

Frankenhausen site (Kahlke & Lacombat, 2008). This species is a very common element in 

Northern Europe and Asia during cold stages of the late Middle to Late Pleistocene. During 

the Last Glacia (MIS 2), the wolly rhino reached the Iberian Peninsula and Greece. In Italy, 

its first occurrence is from the Tiber terrace chronologically referred to late Middle to Late 

Pleistocene (MIS 6-4) with an isolated partial cranium (Pandolfi & Marra, 2015). This species 

has been found in few fossiliferous sites, often coming from old collection with unclear 

stratigraphical and/or chronological data, as in the case of Cardamone (Botti, 1890; Rustioni 

et al., 2003).  

Few fragmentary and isolated remains were reported by Grotta dei Pipistrelli (Guerin, 1980), 

Opcina, Polesine (Leonardi, 1947a, 1947b), Riparo Fumane (Cremaschi et al., 2005), 

Settepolesini di Bondeno (Gallini & Sala, 2001), excepted for the cranium from Monte Circeo 

(Palmarelli & Palombo, 1981).  
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6.2 Equidae 
  
Over decades of debate, the systematic of caballoid horses has been recently redefined. In 

order to highlight the differences between the domestic and wild forms, in 2003 the 

International Commission on Zoological Nomenclature proposed to use Equus ferus 

Boddaert, 1785 to indicate the wild form and Equus caballus Linnaeus, 1758 to the domestic 

one (Gentry et al., 2004).  Although many studies focused on caballoid horses and their 

biostratigraphic importance, the taxonomic status of the Middle and Late Pleistocene fossils 

is still a controversial topic (Forstén, 1991; Asperen, 2012; Boulbes & Asperen, 2019). The 

main issue concerns the interpretation of the morphological changes and biometric 

variations as intra-specific variability or ecomorphotypes (Forstén, 1988; Azzaroli, 1983; 

Cramer, 2002; Asperen, 2012; Boulbes & Asperen, 2019). The dispersion into the European 

continent of the first populations of caballoid horses during the early Middle Pleistocene, led 

to the development of several ecomorphotypes through the Middle and Late Pleistocene, 

considered by some authors as species or subspecies (E. ferus mosbachensis, E. ferus 

germanicus, E. ferus gallicus, E. ferus gmelini). These forms are mainly distinguished by 

their overall size and differences in skeletal proportions. According to Asperen (2013), this 

inter- and intraspecific variability cannot be explained by sexual dimorphism and/or age 

variability in adult skeletal elements. Indeed, the author found no differences in size related 

to age and sex variation in the extant specimens, assuming these factors have a very limited 

effect on studies of fossil samples. The lack of clear diagnostic characters led the 

proliferation of specie or subspecies mainly for the identification of the size variation in the 

Middle Pleistocene Equus lineage (Asperen, 2012; Boulbes & Asperen, 2019). Nonetheless, 

the first caballoid horse in Europe is Equus mosbachensis, occurring in the early Middle 

Pleistocene from the Germany localites of Mauer (MIS 17/15; 609 ± 40 ka; Wagner et al., 

2011) and Süssenborn (MIS 16, 640 - 620 ka, Kahlke, 2014) (Eisenmann et al., 1985; 

Langlois, 2005; Boulbes & Asperen, 2019). This taxon has been instituted by Reichenau 

(1915) based on the material from the fossiliferous sites of Mosbach (about 0.5 Ma) 

(Germany). This taxon represents the only form for the European Middle Pleistocene record 

often regarded as species (Boulbes & Asperen, 2019 reference therein). Although the 

Mosbach horse (E. mosbachensis) shared several features with the wild horse (E. ferus), it 

possesses some “archaic” morphological features (presence of the tendon insertion of the 

anterior brachialis muscle on the inner edge of the diaphysis of the radius, strong 

supraarticular tuberosities on metapodials) (Bonifay, 1980; Eisenmann, 1991a; Hadjouis, 

1998; Langlois, 2005; Boulbes & Asperen, 2019). The affinity of the morphological features 
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between E. ferus and E. mosbachensis stresses the close phyletic relationship, enhanced 

by the lack of clear craniodental diagnostic characters. This homogeneous overall 

morphology led some authors (Asperen, 2012; Boulbes & Asperen, 2019) to refer the 

European Middle Pleistocene sample to a singles species, E. ferus ssp, where the slight 

morphological and biometric variability is considered to reflect the adaptive responses to 

local climatic and palaeoenvironmental conditions. However, there is a large consensus on 

considering Equus mosbachensis a distinct taxon for its large-sized and robustness 

(Eisenmann et al., 1985; Hadjouis, 1998; Langlois, 2005, Uzunidis, 2017). 

In Italy, the first occurrence of large-sized and robust caballoid horses is reported in the 

Faunal Unit of Slivia (Epivillafranchian Mammal Age) (Sala et al., 1992; Rustioni, 1998; Conti 

et al., 2010; Bellucci, 2014). Conti et al. (2010) suggests that the body size of this taxon 

decreased from the late Middle Pleistocene onwards (e.g., Malagrotta, Torre in Pietra). 

Other fossils from the Middle Pleistocene of Italy have been referred to Equus altidens, 

Equus aff. sussebornensis, Equus caballus ssp., E. cf. E. mosbachensis and Equus sp., 

highlighting the uncertain of the taxonomic attribution and the difficult to reconstruct the 

phylogeny of this taxon (Caloi and Palombo, 1987; Strani et al., 2018; 2019). In addition, 

Berzi (1972) attributed the astragalus from Monte Oliveto (Siena, Central Italy), 

chronologically referred to early Middle Pleistocene, to Equus caballus cf. mosbachensis, 

mainly based on its body size. Finally, Rustioni (1998) proposed to attribute large-sized fossil 

horses of the late Middle Pleistocene from the Italian Peninsula, to E. mosbachensis, and 

the small-sized ones from the Late Pleistocene to E. ferus germanicus. 

In this scenario, the taxonomical attribution of the European caballoid horse from Middle to 

Late Pleistocene is still a controversial topic. Therefore, the proliferation of the subspecies 

reflects the homogeneous overall morphology and the lack of clear diagnostic characters, 

which should allow the identification of the different taxa.   

In the fossiliferous sites of the Apulia Peninsula, caballoid horses are well represented and 

frequently associated with fossil remains of Equus hydruntinus (European ass) (e.g., Grotta 

Paglicci, Boschin & Boscato, 2016; Melpignano, Rustioni, 1998; Tana delle Iene, Conti et 

al., 2010). Despite the richness of the fossil record of the Apulia Peninsula, for the mammals 

recovered from the archeological sites often only faunal lists are reported, and horse fossil 

materials usually are not formally studied and described, with the exception of the material 

from Tana delle Iene (Conti et al., 2010) and Grotta del Cavallo (Sarti et al., 1998, 2002). 

Moreover, due to the probable exploitation of the carcasses by human populations (Sarti et 

al., 1998; Boscato et al., 2006), equid fossil remains are often highly fragmented. 
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Consequently, fossil material from many archeological localities of the Apulia Peninsula is 

rarely studied from a paleontological perspective. Nevertheless, the isolated and 

fragmentary craniodental remains can represent an important source of information for the 

study of the evolution of equids in the Apulia Peninsula through the Middle Pleistocene and 

Early Holocene. Several preliminary studies were conducted on the material from 

Cardamone (Rustioni, 1998), Cava Spagnulo (Mecozzi et al., 2017), Grotta del Cavallo 

(Sarti et al., 1998, 2002), Grotta Paglicci (Boscato, 1994), Melpignano (Rustioni, 1998) and 

Tana delle Iene (Conti et al., 2010) and the material were referred to Equus ferus. Whilst, 

the material from San Sidero was attributed to the large-sized Equus chosaricus by 

Eisenmann (1991b) and Equus ferus by De Giuli (1983) and (Rustioni, 1998). The 

taxonomical attribution of rest of the material from the Apulia Peninsula was mainly based 

on the chronology of deposits and therefore frequently ascribed to Equus ferus.   

For Pleistocene Equid taxa, a valid tool for taxonomical purpose is represented by the 

protocone index, as already demonstrated by Caloi & Palombo (1987) for Equus material 

from Italian sites from late Early to early Middle Pleistocene and Caloi (1997) for Equus 

samples from European sites from late Pliocene to early Middle Pleistocene. This approach 

was also followed by Hadjouis (1998) for the study of E. ferus from the Middle Pleistocene 

site of Maisons-AIfort (Val-de-Marne, France) and Langlois (2005) for that of Equus 

mosbachensis micoquii from the Middle Pleistocene site of La Micoque (Les Eyzies-de-

Tayac, France) 

In this work, the upper and lower teeth meauserements of the equidae fossils from the late 

Middle to Late Pleistocene of Apulia have been taken (Tab. 44-47) (Fig. 45-47). We present 

for the first time the craniodental material of Equidae fossils from selected localities of the 

late Middle to Late Pleistocene sites of the Apulia Peninsula: Grotta di Capelvenere, Grotta 

delle Tre Porte, Grotta Mario Bernardini, Grotta Uluzzo C, Castellaneta, Grotta dei Giganti, 

Grotta Santa Croce, Grotta Laceduzza, Grotta Zinzulusa, Fondo Focone and Santa Maria 

d’Agnano – esterno. In addition, the revision of the material from Cardamone, Melpignano 

and San Sidero is carried out. In order to reconstruct a preliminary evolutionary framework 

for the horses during the Middle Pleistocene to Early Holocene and to investigate the 

variations for biochronological purposes, statistical analyses and morphological 

comparisons have been performed (Fig. 47-54). We evaluated differences in upper and 

lower teeth size in the late Middle to Late Pleistocene Apulian samples using linear model 

with corner point parameterization testing the null hypothesis of no-differences between the 

mean of the San Sidero and the other populations (p-value > 0.05) (Fig. 47-54) (Tab.49-50). 
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Site Age Reference Value P2 P3-4 M1-2 M3 P/M 
L W pr L W pr L W pr L W pr 

Melpignano MIS 9-8 This work 

Mean 41.4 29.5 11.2 34.9 31.0 15.9 31.8 30.7 14.4 29.5 27.1 15.4 1.09 
Min 37.5 28.5 10.7 34.2 29.5 16.9 28.4 28.7 13.6 28.2 25.9 14.8  
Max 43.9 30.1 11.8 35.8 32.6 17.4 33.9 32.5 15.3 30.7 29.2 15.9  
Num 3 3 3 7 7 7 12 12 12 3 3 3  

San Sidero MIS 9-8 This work 

Mean 42.2 29.4 12.1 33.4 33.3 16.9 31.5 30.7 14.9 32.1 27.6 16.4 1.06 
Min 41.8 29.3 11.9 32.1 31.3 14.5 30.6 29.4 14.6 31.8 26.7   
Max 42.6 29.5 12.3 35.1 35.2 18.7 32.4 31.5 15.2 32.3 28.5   
Num 2 2 2 6 6 6 4 3 3 2 2 1  

Grotta di 
Capelvenere MIS 9-8 This work 

Mean    32.6 31.8 15.7 32.2 32 15.0 28.9 23.9 13.7 1.01 
Min    31.2 30 14.9 31.3 30.4 14.5     
Max    33.5 33.4 16.3 32.8 33.2 15.8     
Num    5 5 4 4 4 4 1 1 1  

Grotta delle 3 
Porte MIS 7-5 This work 

Mean 38.6 24.5 9.8 30.1 28.1 13.8        
Min 35.1 21.8 8.1 29.8 27.1 13.4        
Max 42.2 26.6 11.0 30.4 29.0 14.1        
Num 3 3 3 2 2 2        

Grotta Mario 
Bernardini - 

VI 
MIS 7-5 This work 

Mean 41.5 22.5 10.2 26.9 27.2 12.0 27.1 28.1 12.9    1.03 
Min    26.1 26.6 11.7 26.1  12.5     
Max    28.4 28.1 12.3 28.4  13.5     
Num 1 1 1 2 2 2 3 1 3     

Grotta del 
Cavallo MIS 5 Sarti et al., 

2002 

Mean    27.8 26.9 12.9 26.4 26.5 13.9 30.5 22.8 13.9 1.05 
Min    26.8 26.2 11.9 24.2 26.2 13.3 28.7 21.2 12.8  
Max    28.6 27.7 13.7 29.1 26.8 14.8 32.5 24.5 16.0  
Num    3 3 3 3 3 3 3 3 3  

Castellaneta MIS 5-4 This work 

Mean 37.3 24.5 8.3 30.2 28.4 13.2 27.4 27.2 13.7 29.3 24.5 13.7 1.10 
Min 35.8 23.3 7.3 29.4 28.1 12.4 25.5 26.5 13.3     
Max 38.3 25.6 9.5 31.1 28.9 14.2 28.1 28 14.6     
Num 3 3 3 6 6 6 5 5 5 1 1 1  

Grotta dei 
Giganti MIS 4 This work 

Mean 39.0 25.6 10.8 30.1 28.0 14.0 26.0 27.1 13.3 32.2 13.9 14.4 1.15 
Min 38.1 25.0 8.8 28.3 23.2 11.1 24.4 26.3 10.5 32.0 13.1 14.2  
Max 41.4 26.5 12.7 33.3 30.0 16.2 27.2 27.9 15.3 32.4 14.7 14.5  
Num 4 4 4 6 6 6 5 5 5 2 2 2  

Grotta Santa 
Croce MIS 4 This work 

Mean 38.9 23.8 7.1 28.6 30.2 15.4    27.1 23.2 12.3  
Min    26.8 29.6         
Max    30.4 30.8         
Num 1 1 1 2 2     1 1 1  

Grotta 
Laceduzza MIS 4-3 This work 

Mean 38.0 22.1 9.0 30.1 29.3 13.0 28.2 29.5 14.1    1.13 
Min 37.6 21.6 8.9 29.2 27.5 11.2 27.8 28.7 13.7     
Max 38.4 22.5 9.1 31.4 30.2 13.7 28.5 30 14.4     
Num 2 2 2 4 3 4 3 3 3     

Grotta Mario 
Bernardini - III MIS 4-3 This work 

Mean     25.2 26 12.3       
Min              
Max              
Num         1 1 1             

Grotta Uluzzo 
- III MIS 4-3 This work Mean     30.7 30.0 13.6 27.4 28.2 13.3    
   Min     29.6 28.6 13.5       
   Max     32.2 31.2 13.7       

   Num         3 3 2  1 1  1    
 
 

Tab. 44 – Upper teeth measurements of Equidae from Middle-Late Pleistocene sites from Apulia. P/M: ratio 
of length of P3-P4 / length of M1-M2 
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Site Age Reference Value P2 P3-4 M1-2 M3 P/M 
L W pr L W pr L W pr L W pr 

Grotta Mario 
Bernardini - II MIS 3 This work 

Mean 39.1 24.2 8.1 31.1 30.1 13.6 26.8 27.9 12.5 28.9 23.8 12.6 1.16 
Min  24.1     26.1 26.5 11.9     
Max  24.3 8.3    27.4 28.9 12.9     
Num 1 2 1 1 1 1 3 3 3 1 1 1  

Grotta Uluzzo  
C - II MIS 3 This work 

Mean    29.3 30.2 13.4        
Min              
Max              
Num    1 1 1        

Cava Spagnulo MIS 3 This work 

Mean    30.0 27.5 13.8 28.9 29.7 15.15 27.5 23.8 12.8  
Min              
Max              
Num    1 1 1    1 1 1  

Fondo Cattìe MIS 3 Corridi, 1987 

Mean 38.2 25.3 9.3 29.1 26.6 12.6 27.0 26.2 13.4 29.2 22.3 13.7 1.08 
Min 36.8 23.3 7.6 26.2 23.1 3.2 24.2 25.0 12.7 23.8 19.4 11.8  
Max 39.9 27.2 11.0 32.0 29.4 15.3 31.9 28.8 14.5 32.0 24.0 15.4  
Num 4 6 6 25 25 23 4 4 4 14 14 14  

Tana delle Iene MIS 3 Conti et al., 
2010 

Mean 36.7 26.8 10.1 29.7 25.4 11.5 29.2 25.1 10.7 27.2 21.0 13.5 1.02 
Min 31.9 24.9 9.6 27.1 24.9 10.4    26.6 20.6 11.8  
Max 39.9 28.2 10.7 31.9 26.1 12.9    28.2 21.3 15.1  
Num 3 3 3 3 3 3 1 1 1 3 3 3  

Grotta del 
Cavallo MIS 3 Sarti et al., 

1998 

Mean 39.9 25.2 10.4 28.8 27.4 13.3 27.1 26.5 13.3 24.5 20.2 9.6 1.06 
Min 38.7 23.9 9.9 27.3 25.0 11.0 25.5 24.9 12.9     
Max 41.4 26.0 11.3 30.2 28.9 15.6 29.2 27.6 14.2     
Num 3 3 3 6 6 6 6 6 6 1 1 1  

Grotta Zinzulusa MIS 3-2 This work 

Mean 30.6 22.1 7.9    28.9 27.3 13.5 27.5 23.8 12.0  
Min       28.5 26.4 12.4     
Max       29.3 28.1 14.5     
Num 1 1 1    2 2 2 1 1 1  

Grotta Paglicci MIS 2 Boscato, 1994 

Mean 37.2 25.2 10.7 29.2 27.3 14.1 27.6 27.6 13.0 29.7 23.5 14.4 1.06 
Min 32.7 22.9 10.5 24.7 25.0 12.0 26.2 25.9 12.2     
Max 39.7 27.3 10.8 32.3 29.5 16.6 30.0 29.5 14.2     
Num 3 3 2 9 9 9 5 5 5 1 1 1  

Cardamone MIS 2 This work 

Mean 38.2 26.4 9.9 29.5 29.3 13.8 26.2 27.5 13.5 29.4 24.6 14.0 1.05 
Min 32.7 24.4 8.1 26.2 27.0 11.1 23.9 23.5 11.6 27.9 22.3 11.5  
Max 42.2 30.0 11.1 32.6 31.5 16.7 29.2 30.2 17.7 29.9 27.8 14.6  
Num 18 18 17 42 42 41 36 36 34 3 3 2  

Fondo Focone MIS 2 This work 

Mean 37.5 26.1 9.0 29.6 29.2 13.6 28.2 28.3 14.1 28.8 26.0 13.7 1.05 
Min 36.7 25.7 8.8 28.6 27.8 12.9 27.4 25.2 13.4 27.9 25.7 13.6  
Max 38.3 26.5 9.1 30.6 30.6 14.1 28.9 27.3 15.0 29.9 27.8 13.7  
Num 2 2 2 5 5 5 7 7 6 3 3 2  

SMA-esterno -  
Gravettian MIS 2 This work 

Mean 39.4 24.0 9.8 28.5 28.9 13.3 26.5 25.3 13.5 28.5 25.2 13.2 1.07 
Min 36.2 22.3 9.4 27.2 28.0 12.8 25.2 23.5 12.6 28.3 24.6 13.1  
Max 41.2 25.2 10.1 30.4 30.0 13.7 27.3 26.3 14.2 28.7 25.7 13.2  
Num 9 9 9 13 13 13 13 12 11 2 2 2  

SMA-esterno -  
Epigravettian MIS 2 This work 

Mean 39.4 24.0 9.8 28.2 28.9 13.3 26.5 25.3 14.4 27.8 22.6 12.4 1.07 
Min 36.2 22.3 8.8 27.2 28.0 12.8 25.2 23.5 13.8     
Max 41.2 25.2 10.3 28.9 30.0 13.7 27.3 26.3 15.2     
Num 4 4 4 7 7 7 3 3 3 1 1 1  

Grotta delle Mura MIS 1 Bon & 
Boscato, 1993 

Mean 38.6 24.1 10.0 27.4 26.6 10.7 26.6 25.8 10.6 24.8 21.7 11.9 1.03 
Min 37.3 22.5 9.5 25.0 23.2 9.5 26.3 21.9 9.0     
Max 39.8 25.7 10.7 29.0 29.6 13.1 27.0 28.0 12.7     
Num 3 3 3 5 5 5 3 3 3 1 1 1   

 
Tab. 45 – Upper teeth measurements of Equidae from Middle-Late Pleistocene sites from Apulia. P/M: ratio 
of length of P3-P4 / length of M1-M2 
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Site Age Reference Value P2 P3-4 M1-2 M3 P/M 
L W pr L W pr L W pr L W pr 

Melpignano MIS 9-8 In this work 

Mean 37.9 16.5 19.7 31.1 18.6 14.9 31.2 19.3 15.9 34.8 16.6 16.0 1.00 
Min 37.1 14.7 17.1 30.7 17.3 10.4 27.0 17.1 8.2 32.7 14.9 10.8  
Max 38.3 18.9 22.5 31.7 20.2 19.0 35.1 21.1 25.8 38.4 19.2 18.3  
Num 5 5 5 7 7 7 11 11 10 6 6 6  

San Sidero MIS 9-8 In this work 

Mean 38.9 19.0 15.8 31.8 22.5 13.8 30.8 20.8 9.8 38.0 18.4 10.9 1.03 
Min 34.2 14.5 8.9 31.4 19.7 12.1 30.4 20.4 9.1 37.1 17.6 10.4  
Max 44.2 24.4 18.9 32.0 23.2 15.1 31.1 21.2 10.4 38.7 19.2 11.1  
Num 7 7 7 5 5 5 4 4 4 4 4 4  

Grotta di 
Capelvenere MIS 9-8 In this work 

Mean 35.6 18.0 16.3 31.7 20.3 14.0 30.7 20.0 10.9 39.1 19.0 10.2 1.03 
Min 33.5 17.8 15.2 30.5 17.8 11.2 29.1 18.4 8.6     
Max 37.7 18.2 17.3 33.5 22.0 16.5   21.1 12.5     
Num 2 2 2 8 8 8 4 4 4 1 1 1  

Grotta delle 
3 Porte MIS 7-5 In this work 

Mean 37.4 16.8 17.8 31.1 18.7 11.8 27.9 17.3 8.3 34.3 15.3 8.0 1.11 
Min 36.3 15.2 17.0 28.5 17.9 11.2 26.4 17.2 7.8 34.3 15.3 8.0  
Max 38.1 18.7 18.7 33.6 19.4 12.4 30.6 17.4 9.2 34.3 15.3 8.0  
Num 3 3 3 2 2 2 3 3 3 1 1 1  

Grotta Mario 
Bernardini - 

VI 
MIS 7-5 In this work 

Mean    29.6 18.4 13.7 27.6 16.9 9.9  14.4 7.7 1.07 
Min       24.2 14.7 8.2     
Max       28.8 19.4 11.3     
Num    1 1 1 5 5 5  1 1  

Grotta 
Uluzzo C - 

IV 
MIS 7-5 In this work 

Mean          32.6 15.5 9.9  
Min              
Max              
Num          1 1 1  

Grotta del 
Cavallo MIS 5 Sarti et al., 

2002 

Mean 35.4 15.6 15.6 29.4 15.6 13.3 27.7 15.3 10.5 29.1 11.4 7.7 1.06 
Min 35.0 13.0 15.0 26.8 14.0 10.6 25.0 13.8 6.4 23.7 9.5 7.1  
Max 35.8 18.1 16.1 32.5 17.1 16.4 30.3 18.4 14.8 33.6 13.2 8.2  
Num 2 3 3 8 8 8 16 16 16 3 2 2  

Castellaneta MIS 5-4 In this work 

Mean 31.9 16.4 15.1 28.0 18.7 10.5 27.5 18.7 11.7 30.7 15.0 9.0 1.02 
Min 31.9 16.4 15.1 27.2 18.2 9.3 26.2 17.8 8.7 28.2 13.9 8.4  
Max 31.9 16.4 15.1 30.0 19.4 13.6 28.3 19.8 13.4 32.6 15.6 9.4  
Num 1 1 1 4 4 4 3 3 3 6 6 6  

Grotta dei 
Giganti MIS 4 In this work 

Mean 34.0 17.5 16.2 29.6 17.8 12.4 27.2 18.0 10.1 32.2 13.9 9.5 1.09 
Min 33.3 14.8 15.2 27.5 16.1 10.3 26.7 17.7 9.4 32.0 13.1 9.1  
Max 34.4 18.6 18.2 33.4 19.5 16.2 27.7 18.2 10.7 32.4 14.7 9.8  
Num 5 5 5 6 6 6 2 2 2 2 4 6  

Grotta Santa 
Croce MIS 4 In this work 

Mean    30.2 18.5 12.2 27.4 17.5 8.6 33.9 16.3 11.1 1.10 
Min    29.2 17.3 10.7 27.1 17.4 8.1     
Max    30.9 20.6 14.1 27.7 17.5 9.1     
Num    4 4 4 2 2 2 1 1 1  

Grotta 
Laceduzza MIS 4-3 In this work 

Mean 32.7 15.1 14.2 30.0 19.6 14.9 27.2 17.8 11.3 31.5 14.5 12.5 1.04 
Min 31.8 14.4 13.6 29.7 18.6 13.8 26.9 16.2 10.8 31.5 14.3 11.1  
Max 33.5 15.7 14.7 30.2 20.7 15.7 27.5 18.9 11.6 31.5 14.6 13.8  
Num 2 2 2 3 3 3 3 3 3 2 3 3  

Grotta Mario 
Bernardini - 

III 
MIS 4-3 In this work 

Mean       29.7 12.4 8.3     
Min              
Max              
Num       1 1 1     

Grotta 
Uluzzo C - III MIS 4-3 In this work 

Mean    30.1 16.5 12.3 26.9 15.6 10.0 32.0 14.5 9.6 1.12 
Min    29.4 15.8 11.5 25.7 13.9 8.6 30.2 12.4 7.7  
Max    30.9 17.4 13.4 28.1 17.5 11.2 33.6 15.6 11.1  
Num       4 4 4 4 4 4 3 3 3   

 
Tab. 46 – Lower teeth measurements of Equidae from Late Pleistocene sites from Apulia. P/M: ratio of 
length of P3-P4 / length of M1-M2  
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Site Age Reference Value P2 P3-4 M1-2 M3 P/M 
L W pr L W pr L W pr L W pr 

Grotta Mario 
Bernardini - 

II 
MIS 3 In this work 

Mean 32.1 16.5 14.2 28.9 18.5 12.3 26.9 17.2 8.9     
Min 32.1 16.5 14.2 28.3 17.1 12.0 26.4 16.1 7.4     
Max 32.1 16.5 14.2 29.7 19.4 12.8 27.3 18.2 10.3     
Num 1 1 1 3 3 3 2 2 2     

Grotta 
Uluzzo C - II MIS 3 In this work 

Mean    27.5 18.1 8.8        
Min              
Max              
Num    1 1 1        

Cava 
Spagnulo MIS 3 In this work 

Mean 32.6 16.4 16.0 30.0 22.0 12.4 27.1 16.7 8.8 32.1 15.0 10.6 1.11 
Min 32.6 16.3 15.8 29.8 18.5 11.9 26.9 14.9 8.2 30.2 14.8 10.3  
Max 32.6 16.5 16.2 30.4 29.0 13.2 27.4 17.7 9.2 34.0 15.2 10.8  
Num 2 2 2 3 3 3 4 4 4 2 2 2  

Fondo Cattìe MIS 3 Corridi, 1987 

Mean 34.3 14.5 15.5 30.0 14.4 13.4 27.3 14.0 9.4 30.6 11.9 10.2 1.10 
Min 31.4 12.8 10.9 26.8 12.0 11.0 25.0 10.4 7.0 25.4 10.5 8.8  
Max 37.6 15.6 17.5 32.1 16.8 16.3 31.3 16.0 12.4 35.1 13.6 13.5  
Num 7 7 7 26 26 26 20 20 20 11 11 11  

Tana delle 
Iene MIS 3 Conti et al., 

2010 

Mean 34.7 17.1 14.3 29.5 12.8 14.9 29.7 11.2 13.8 31.1  13.3 0.99 
Min 32.1 15.1 13.7 24.6 9.8 12.4 27.0 8.8 10.1 30.8  13.1  
Max 37.8 19.1 14.9 32.4 15.6 17.4 32.8 13.6 15.8 31.3  13.5  
Num 7 7 7 16 16 16 12 11 12 2  2  

Grotta del 
Cavallo MIS 3 Sarti et al., 

1998 

Mean 35.4 15.2 14.9 29.2 16.5 13.6 28.0 15.2 9.2 33.1 13.3 10.7 1.04 
Min 34.1 13.1 12.0 27.7 15.0 12.2 24.9 13.6 4.8 28.2 12.7 9.2  
Max 37.1 16.6 17.5 30.9 18.9 16.3 31.0 16.8 13.1 35.6 14.0 13.9  
Num 9 10 10 9 9 9 10 10 10 7 7 7  

Grotta 
Zinzulusa 

MIS 3-
2 In this work 

Mean 32.0 15.5 10.1 31.9 17.9 15.0 28.7 17.1 10.9    1.11 
Min 32.0 15.5 10.1 30.5 17.4 14.4 28.7 17.1 10.9     
Max 32.0 15.5 10.1 33.2 18.4 15.5 28.7 17.1 10.9     
Num 1 1 1 2 2 2 1 1 1     

Grotta 
Paglicci MIS 2 Boscato, 1994 

Mean 33.3 15.2 14.4 30.3 16.6 13.7 27.6 14.9 9.3 33.8 13.6 11.7 1.10 
Min 28.6 12.4 8.0 28.5 13.7 12.1 24.1 11.8 6.6 31.4 11.3 10.1  
Max 38.6 16.3 17.6 33.5 18.1 15.4 32.4 16.4 13.4 35.8 14.9 13.9  
Num 13 13 13 9 9 9 19 19 18 8 8 8  

Cardamone MIS 2 In this work 

Mean 35.1 17.6 15.3 29.3 18.7 12.7 27.0 17.2 8.7 32.0 14.2 8.5 1.08 
Min 33.6 14.9 13.0 26.1 16.4 8.8 24.1 16.2 7.0 30.8 12.8 7.8  
Max 35.9 19.1 16.9 32.0 20.0 15.2 28.8 18.5 9.2 33.0 15.2 10.2  
Num 15 15 15 29 29 29 25 4 4 7 7 7  

Fondo 
Focone MIS 2 In this work 

Mean 36.3 15.6 14.3 29.0 17.7 11.9 27.9 16.9 9.3 31.4 13.2 9.1 1.04 
Min 35.2 14.6 13.3 28.8 17.4 11.0 27.5 14.5 7.5 30.0 12.8 8.7  
Max 37.3 17.0 16.2 29.1 18.0 12.8 28.7 18.7 10.8 32.8 13.5 9.5  
Num 3 3 3 2 2 2 3 3 3 2 2 2  

SMA-esterno 
- Gravettian MIS 2 In this work 

Mean 34.6 17.5 13.0 28.8 18.2 9.4 27.5 18.1 7.2 34.6 15.9 8.5 1.04 
Min 31.0 15.5 12.5 26.9 14.7 8.8 26.6 15.4 6.8 32.3 14.0 8.1  
Max 37.7 18.8 13.5 30.2 20.9 10.2 28.5 20.5 7.7 41.6 22.0 9.0  
Num 8 8 8 8 8 8 14 14 14 9 9 9  

SMA-esterno 
- 

Epigravettian 
MIS 2 In this work 

Mean 36.0 14.7 15.7 29.0 17.0 12.9 27.3 15.8 9.7 33.8 13.4 8.7 1.06 
Min 34.2 13.1 13.8 27.9 15.8 12.0 26.3 12.5 9.1 33.4 12.1 8.4  
Max 37.8 16.2 17.6 30.1 18.1 14.1 28.2 18.0 10.3 34.5 14.5 9.0  
Num 2 2 2 5 5 5 5 5 5 4 4 3  

Grotta delle 
Mura MIS 1 Bon & 

Boscato, 1993 

Mean 31.0 13.2 13.2 29.2 14.8 12.0 26.7 14.0 10.6 30.0 11.6  1.09 
Min 28.8 12.2 9.2 26.9 11.4 8.6 24.5 12.3 6.5 26.5 11.0   
Max 38.3 18.9 22.5 31.4 18.7 14.2 30.7 15.4 12.6 32.2 12.2   
Num 3 3 3 8 8 8 10 10 9 3 3     

 
Tab. 47 – Lower teeth measurements of Equidae from Late Pleistocene sites from Apulia. P/M: ratio of 
length of P3-P4 / length of M1-M2  
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Fig. 45 –Crania in right view from late Middle to Late Pleistocene of Apulia: a - IGF16329, cranium of male 
from San Sidero; b - CC467, cranium of female from Cardamone; c - CC468, cranium of male from Cardamone 
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Fig. 46 – Equidae from late Middle to Late Pleistocene of Apulia. Mandible in labial (a-b) and occlusal (c) views: 
1a-c - IGF16330, Equus mosbachensis from San Sidero; 2a-c - CC414, Equus ferus from Cardamone. 
Hemimandible in labial (a) and occlusal (b) views: 3a-b, MPND396 (ex. Cur11), left hemimandible of Equus 
mosbachensis from Melpignano; 4a-b - C2 20b 77, right hemimandibles from SMA-esterno; 5a-b - C2 20b 80, 
left hemimandible from SMA-esterno.  
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Results 

The fossils from Grotta di Capelvenere, Melpignano and San Sidero (MIS 9-8) possesses 

several features and proportions of the long bones, which allow to refer the fossils to E. 

mosbachensis (Tab. 48). The material from the other fossiliferous sites instead can be 

attributed to E. ferus. 

 

                                Species 
Character Equus mosbachensis Equus ferus 

Radius 

Proximal 
Epiphysis 

Anterior border of the medial 
articular surface oblique 

Anterior border of the medial 
articular surface straight 

Distal epiphysis 

The radius-ulna incision is 
deep and the articular 
surface of the ulna is 
separated from that of the 
radius 

The radius-ulna incision is 
shallow and the articular 
surface fo the ulna is not well 
separated from that of the 
radius 

III Metacarpal  

Trapezoid 
articular surface Absent Present 

Hamate articular 
surface 

Anterior surface larger than 
posterior one and inclined 

Anterior surfaces like 
posterior one and straight 

III Metatarsal Small Cuneiform 
articular surface Absent or rather small Present 

Tab. 48 – Diagnostic character of the postcranial bones of E. moschensis and E. ferus (modified by Guadelli 

& Prat, 1995).  

 
 

Equids from the late Middle Pleistocene to Early Holocene of Apulian Peninsual show a 

large variation in dental dimensions and proportions. In particular, the length of P2 and M3 

are highly variable (Figs. 47-50; Tab. 49). On the contrary, the length of P3-4 from San Sidero 

is closer to those from Cava Spagnulo (p.value > 0.05), Grotta di Capelvenere (p.value > 

0.05), Grotta Mario Bernardini –II (p.value > 0.05) and Grotta Uluzzo C (p.value > 0.05) 

(Tab. 49). The length of M1-2 from San Sidero is similar to those from Castellaneta (p.value 

> 0.05), Fondo Cattìe (p.value > 0.05), Grotta di Capelvenere (p.value > 0.05), Grotta Mario 

Bernardini –III (p.value > 0.05), Grotta Santa Croce (p.value > 0.05), Grotta Zinzulusa 

(p.value > 0.05) Melpignano (p.value > 0.05) and Tana delle Iene (p.value. > 0.05) (Tab. 

49). As in the case of the upper teeth, even the length of P2 and M3 show a huge variability 

(Fig. 51-54). The P3-4 from San Sidero is closer to those from Grotta di Capelvenere (p.value 

> 0.05), Grotta dei Giganti (p.value > 0.05), Grotta Mario Bernardini – IV (p.value > 0.05), 

Grotta delle Tre Porte (p.value > 0.05), Grotta Zinzulusa (p.value > 0.05) and Tana delle 

Iene (p.value > 0.05) (Figs. 51, 53; Tab. 50). Whilst, the M1-2 from San Sidero is closer to 

Grotta Santa Croce (p.value > 0.05), Grotta delle Tre Porte (p.value > 0.05), Grotta 
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Zinzulusa (p.value > 0.05), Grotta Uluzzo C – II (p.value > 0.05), Melpignano (p.value > 

0.05), Tana delle Iene (p.value > 0.05) (Figs. 52, 54; Tab. 50).  

Considering the limited size of some samples (Grotta Mario Bernardini – VI, Grotta Mario 

Bernardini – III, Grotta Mario Bernanrdini – II, Grotta Santa Croce, Grotta Uluzzo – IV, Grotta 

Uluzzo – II, Grotta Zinzulusa) and the numerousness of the considered sites, the dataset 

has been grouped according to the chronology (MIS). The length of P2 and M3 of the sample 

from MIS 9-8 is larger only of samples from MIS 3 (P2, p.value < 0.05; M3 p.value < 0.05) 

and MIS 2 (P2, p.values < 0.05; M3 p.value < 0.05) (Figs. 55-56; Tab. 51). Whilst, the length 

of P3-4 and M1-2 of the sample from MIS 9-8 are larger than those from the late Middle 

Pleistocene (MIS 7) to Early Holocene (MIS 1) (p.values < 0.05) (Figs. 55-56; Tab. 51). 

In the lower dentition, the length of the teeth from MIS 9-8 are larger than those from Late 

Pleistocene (MIS 5) to Early Holocene (MIS 1) (p.values < 0.05), whereas they are similar 

to those from late Middle to early Late Pleistocene (MIS 7-5) in the P2 (p.value > 0.05), P3-4 

(p.value > 0.05) and M3 (p.value > 0.05) (Figs. 57-58, Tab. 52).  

The protocone index of the Grotta di Capelvenere, Melpignano and San Sidero shows a 

trend closer to that reported for E. mosbachensis, with M3 value higher than M1-2 one and 

P3-4 value higher or sub-equal than M1-2 one (Fig. 59). On the contrary, the pattern of the 

other samples is closer to that reported for E. ferus, with M1-2 value higher than both P3-4 and 

M3. Finally, the sample from Tana delle Iene and Grotta delle Mura possesses a well 

different values compared to the others, resembling those reported for Equus hydruntinus. 

In fact, in E. hydruntinus the values for P3-4 and M1-2 are significantly lower than those of 

both E. mosbachensis and E. ferus, whereas they are similar in P2 and M3 values. 

Whilst, the postflexide index has been investigated, but no trend can be detected through 

the time and/or differences among the considered taxa (Fig. 60).   

Finally, in the standard bivariate plot (Fig. 61), two groups can be recognized. The first 

includes the specimen from the fossiliferous sites referred to glacial stages (Tab. 53), which 

display a large muzzle in relation to their length. An exception is the cranium of Equus ferus 

antunesi from Fontainhas (Portugal), where the muzzle is longest. The specimen from 

Cardamone falls in the variability of the glacial horses, and is similar to that from Cuane de 

l’Arago (Fig. 61). A second group is composed by crania from deposits referred to 

interglacial stages, where the muzzle is narrow compared to its total length. The cranium 

from San Sidero falls in this variability.  
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Fig. 47 – a –boxplot of P2 length; b – boxplot of P3-4 length. Abbreviations: SS – San Sidero; Car – Cardamone; 

Cas – Castellana; CS – Cava Spagnulo; FCa – Fondo Cattìe; - FFo – Fondo Focone; GCa – F – Grotta del 

Cavallo – F; GCa – HI – Grotta del Cavallo – HI; GCv – Grotta di Capelvenere; GGi - Grotta dei Giganti; GLa 

– Grotta Laceduzza; GMB – II – Grotta Mario Bernardini – II; GMB – III – Grotta Mario Bernardini – III; GMB – 

IV – Grotta Mario Bernardini – IV; GMu – Grotta delle Mura; GP – Grotta Paglicci; GSC – Grotta Santa Croce; 

GTP – Grotta delle Tre Porte; GU – II – Grotta Uluzzo – II;  GU – III – Grotta Uluzzo – III; GZi – Grotta Zinzulusa; 

Mel – Melpignano; SMA – E – Santa Maria d’Agnano – esterno – Epigravettiano; SMA – G; Santa Maria 
d’Agnano – esterno – Gravettiano; TI – Tana delle Iene. 
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Fig. 48 – a –boxplot of M1-2 length; b – boxplot of M3 length. Abbreviations: SS – San Sidero; Car – Cardamone; 

Cas – Castellana; FCa – Fondo Cattìe; - FFo – Fondo Focone; GCa – F – Grotta del Cavallo – F; GCa – HI – 

Grotta del Cavallo – HI; GCv – Grotta di Capelvenere; GGi - Grotta dei Giganti; GLa – Grotta Laceduzza; GMB 
– II – Grotta Mario Bernardini – II; GMB – III – Grotta Mario Bernardini – III; GMB – VI – Grotta Mario Bernardini 

– VI; GMu – Grotta delle Mura; GP – Grotta Paglicci; GSC – Grotta Santa Croce; GZi – Grotta Zinzulusa; Mel 

– Melpignano; SMA – E – Santa Maria d’Agnano – esterno – Epigravettiano; SMA – G; Santa Maria d’Agnano 

– esterno – Gravettiano; TI – Tana delle Iene. 



155  

 
Fig. 49 – a – plot of P2-p.-value of linear model; b – plot of P3-4-p.-value of linear model. Abbreviations: SS – 

San Sidero; Car – Cardamone; Cas – Castellana; CS – Cava Spagnulo; FCa – Fondo Cattìe; - FFo – Fondo 

Focone; GCa – F – Grotta del Cavallo – F; GCa – HI – Grotta del Cavallo – HI; GCv – Grotta di Capelvenere; 

GGi - Grotta dei Giganti; GLa – Grotta Laceduzza; GMB – II – Grotta Mario Bernardini – II; GMB – III – Grotta 

Mario Bernardini – III; GMB – IV – Grotta Mario Bernardini – IV; GMu – Grotta delle Mura; GP – Grotta Paglicci; 
GSC – Grotta Santa Croce; GTP – Grotta delle Tre Porte; GU – II – Grotta Uluzzo – II;  GU – III – Grotta 

Uluzzo – III; GZi – Grotta Zinzulusa; Mel – Melpignano; SMA – E – Santa Maria d’Agnano – esterno – 

Epigravettiano; SMA – G; Santa Maria d’Agnano – esterno – Gravettiano; TI – Tana delle Iene. 
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Fig. 50 – a –plot of M1-2-p.-value of linear model; b – plot of M3-p.-value of linear model. Abbreviations: SS – 

San Sidero; Car – Cardamone; Cas – Castellana; FCa – Fondo Cattìe; - FFo – Fondo Focone; GCa – F – 

Grotta del Cavallo – F; GCa – HI – Grotta del Cavallo – HI; GCv – Grotta di Capelvenere; GGi - Grotta dei 

Giganti; GLa – Grotta Laceduzza; GMB – II – Grotta Mario Bernardini – II; GMB – III – Grotta Mario Bernardini 

– III; GMB – VI – Grotta Mario Bernardini – VI; GMu – Grotta delle Mura; GP – Grotta Paglicci; GSC – Grotta 
Santa Croce; GZi – Grotta Zinzulusa; Mel – Melpignano; SMA – E – Santa Maria d’Agnano – esterno – 

Epigravettiano; SMA – G; Santa Maria d’Agnano – esterno – Gravettiano; TI – Tana delle Iene. 
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Site P2 P3-4 M1-2 M3 
San Sidero 1.00 1.00 1.00 1.00 
Cardamone 0.03 0.00 0.00 0.05 
Castellaneta 0.08 0.00 0.10 0.22 
Cava Spagnulo  0.13   
Fondo Cattìe 0.06 0.00 0.08 0.04 
Fondo Focone 0.12 0.01 0.01 0.08 
Grotta del Cavallo - 3 0.08 0.00 0.01 0.22 
Grotta del Cavallo - 5  0.02 0.03 0.50 
Grotta di Capelvenere  0.14 0.08 0.22 
Grotta dei Giganti 0.06 0.01 0.01 0.44 
Grotta Laceduzza 0.06 0.00 0.00  

Grotta Mario Bernardini -II 0.22 0.13 0.03 0.22 
Grotta Mario Bernardini -III   0.16  

Grotta Mario Bernardini -IV 0.22 0.04 0.03  
Grotta delle Mura 0.08 0.01 0.03 0.22 
Grotta Paglicci 0.08 0.00 0.01 0.22 
Grotta Santa Croce 0.22  0.06 0.22 
Grotta delle Tre Porte 0.25 0.04   

Grotta Zinzulusa 0.22  0.06 0.22 
 Grotta Uluzzo - II   0.13   

 Grotta Uluzzo - III   0.02   

Melpignano 0.56 0.04 0.36 0.37 
SMA-Esterno - 
Epigravettiano 0.06 0.00 0.03 0.12 

SMA-Esterno - Gravettiano 0.03 0.00 0.00 0.05 
Tana delle. Iene 0.08 0.02 0.16 0.08 

 
Tab. 49 – Upper teeth p-value of the linear model with corner point parameterization testing the null hypothesis 

of no-differences between the mean of the San Sidero and the other populations (p-value > 0.05).  
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Fig. 51 – a –boxplot of P2 length; b – boxplot of P3-4 length. Abbreviations: SS – San Sidero; Car – Cardamone; 
Cas – Castellana; FCa – Fondo Cattìe; - FFo – Fondo Focone; GCa – F – Grotta del Cavallo – F; GCa – HI – 

Grotta del Cavallo – HI; GCv – Grotta di Capelvenere; GGi - Grotta dei Giganti; GLa – Grotta Laceduzza; GMB 

– II – Grotta Mario Bernardini – II; GMB – VI – Grotta Mario Bernardini – VI; GMu – Grotta delle Mura; GP – 

Grotta Paglicci; GSC – Grotta Santa Croce; GTP -  Grotta delle Tre Porte; GZi – Grotta Zinzulusa; Mel – 

Melpignano; SMA – E – Santa Maria d’Agnano – esterno – Epigravettiano; SMA – G; Santa Maria d’Agnano 

– esterno – Gravettiano; TI – Tana delle Iene. 



159  

 
Fig. 52 – a –boxplot of M1-2 length; b – boxplot of M3 length. Abbreviations: SS – San Sidero; Car – Cardamone; 

Cas – Castellana; FCa – Fondo Cattìe; - FFo – Fondo Focone; GCa – F – Grotta del Cavallo – F; GCa – HI – 

Grotta del Cavallo – HI; GCv – Grotta di Capelvenere; GGi - Grotta dei Giganti; GLa – Grotta Laceduzza; GMB 

– II – Grotta Mario Bernardini – II; GMB – III – Grotta Mario Bernardini – III GMB – VI – Grotta Mario Bernardini 

– VI; GMu – Grotta delle Mura; GP – Grotta Paglicci; GSC – Grotta Santa Croce; GTP -  Grotta delle Tre Porte; 

GZi – Grotta Zinzulusa; Mel – Melpignano; SMA – E – Santa Maria d’Agnano – esterno – Epigravettiano; SMA 

– G; Santa Maria d’Agnano – esterno – Gravettiano; TI – Tana delle Iene. 
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Fig. 53 – a – plot of P2-p.-value of linear model; b – boxplot of P3-4-p.-value of linear model. Abbreviations: SS 

– San Sidero; Car – Cardamone; Cas – Castellana; FCa – Fondo Cattìe; - FFo – Fondo Focone; GCa – F – 

Grotta del Cavallo – F; GCa – HI – Grotta del Cavallo – HI; GCv – Grotta di Capelvenere; GGi - Grotta dei 
Giganti; GLa – Grotta Laceduzza; GMB – II – Grotta Mario Bernardini – II; GMB – VI – Grotta Mario Bernardini 

– VI; GMu – Grotta delle Mura; GP – Grotta Paglicci; GSC – Grotta Santa Croce; GTP -  Grotta delle Tre Porte; 

GZi – Grotta Zinzulusa; Mel – Melpignano; SMA – E – Santa Maria d’Agnano – esterno – Epigravettiano; SMA 

– G; Santa Maria d’Agnano – esterno – Gravettiano; TI – Tana delle Iene. 
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 Fig. 54 – a – plot of M1-2-p.-value of linear model; b – boxplot of M3-p.-value of linear model. Abbreviations: 

SS – San Sidero; Car – Cardamone; Cas – Castellana; FCa – Fondo Cattìe; - FFo – Fondo Focone; GCa – F 
– Grotta del Cavallo – F; GCa – HI – Grotta del Cavallo – HI; GCv – Grotta di Capelvenere; GGi - Grotta dei 

Giganti; GLa – Grotta Laceduzza; GMB – II – Grotta Mario Bernardini – II; GMB – III – Grotta Mario Bernardini 

– III GMB – VI – Grotta Mario Bernardini – VI; GMu – Grotta delle Mura; GP – Grotta Paglicci; GSC – Grotta 

Santa Croce; GTP -  Grotta delle Tre Porte; GZi – Grotta Zinzulusa; Mel – Melpignano; SMA – E – Santa Maria 

d’Agnano – esterno – Epigravettiano; SMA – G; Santa Maria d’Agnano – esterno – Gravettiano; TI – Tana 

delle Iene. 
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Site P2 P3-4 M1-2 M3 
San Sidero 1.00 1.00 1.00 1.00 
Cardamone 0.85 0.00 0.00 0.00 
Castellaneta 0.16 0.02 0.03 0.01 
Cava Spagnulo 0.06 0.03 0.02 0.06 
Fondo Cattìe 0.22 0.02 0.01 0.00 
Fondo Focone 1.00 0.02 0.03  

Grotta del Cavallo - F 0.76 0.01 0.02 0.01 
Grotta del Cavallo - HI 1.00 0.04 0.00 0.03 
Grotta di Capelvenere 0.35 0.82 0.03 0.16 
Grotta dei Giganti 0.07 0.09 0.06 0.03 
Grotta Laceduzza 0.06 0.03 0.03 0.06 
Grotta Mario Bernardini -II 0.16 0.03 0.06  

Grotta Mario Bernardini -III    0.16 
Grotta Mario Bernardini -IV  0.16 0.01  
Grotta delle Mura 0.16 0.01 0.01 0.03 
Grotta Paglicci 0.13 0.03 0.01 0.01 
Grotta Santa Croce  0.02 0.06 0.16 
Grotta delle Tre Porte 0.98 0.98 0.08 0.16 
Grotta Zinzulusa 0.16 0.98 0.16  

 Grotta Uluzzo - II    0.16  

 Grotta Uluzzo - III   0.02 0.02 0.03 
 Grotta Uluzzo - IV    0.16 
Melpignano 1.00 0.01 0.79 0.04 
SMA-Esterno - 
Epigravettiano 0.48 0.01 0.01 0.02 

SMA-Esterno - Gravettiano 0.31 0.01 0.00 0.03 
Tana delle. Iene 0.26 0.06 0.15 0.06 

 
Tab. 50 – Lower teeth p-value of the linear model with corner point parameterization testing the null hypothesis 

of no-differences between the mean of the San Sidero and the other populations (p-value > 0.05).  
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Fig. 55: a –boxplot of P2 length; b – boxplot of P3-4 length. For the chronology see tab. 44-45. 
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Fig. 56: a –boxplot of M1-2 length; b – boxplot of M3 length. For the chronology see tab. 44-45. 
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Fig. 57: a –boxplot of P2 length; b – boxplot of P3-4 length. For the chronology see tab. 46-47. 

 



166  

 
Fig. 58: a –boxplot of M1-2 length; b – boxplot of M3 length. For the chronology see tab. 46-47. 
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Age P2 P3-4 M1-2 M3 
MIS 7-5 0.14 0.00 0.01  
MIS 5-4 0.01 0.00 0.00 0.74 
MIS 3 0.03 0.00 0.00 0.01 
MIS 2 0.01 0.00 0.00 0.00 
MIS 1 0.01 0.00 0.01 0.00 

 

Tab. 51 – Upper teeth p-value of the linear model with corner point parameterization testing the null hypothesis 

of no-differences between the mean of the populations from sites chronologically referred to MIS 9-8 and the 
other populations (p-value > 0.05). For the chronology see tab. 44-45. 

 

 

Age P2 P3-4 M1-2 M3 
MIS 7-5 0.88 0.36 0.00 0.11 
MIS 5-4 0.01 0.00 0.00 0.00 
MIS 3 0.02 0.00 0.00 0.00 
MIS 2 0.04 0.00 0.00 0.00 
MIS 1 0.04 0.00 0.00 0.01 

 
Tab. 52 – Lower teeth p-value of the linear model with corner point parameterization testing the null hypothesis 

of no-differences between the mean of the populations from sites chronologically referred to MIS 9-8 and the 

other populations (p-value > 0.05). For the chronology see tab. 46-47. 
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Fig. 59 - Protocone index of the upper teeth of the caballine horse fossils from late Middle to Late Pleistocene 
sites from Apulia (for chronology and references see Tab. 42-43). Abbreviations: Mel – Melpignano; SS – San 

Sidero; GCv – Grotta di Capelvenere; GTP -  Grotta delle Tre Porte; GMB – VI – Grotta Mario Bernardini – VI; 

GCa – HI – Grotta del Cavallo – HI; Cas – Castellana; GSC – Grotta Santa Croce; GLa – Grotta Laceduzza; 

GGi - Grotta dei Giganti; GU – II – Grotta Uluzzo – II; FCa – Fondo Cattìe; TI – Tana delle Iene; GCa – F – 

Grotta del Cavallo – F; GZi – Grotta Zinzulusa; GP – Grotta Paglicci; Car – Cardamone; FFo – Fondo Focone; 

SMA – G; Santa Maria d’Agnano – esterno – Gravettiano; SMA – E – Santa Maria d’Agnano – esterno – 

Epigravettiano; GMu – Grotta delle Mura.  
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Fig. 60 - Postflexide index of the teeth of the caballine horse fossils from late Middle to Late Pleistocene sites 

from Apulia (for chronology and references see Tab. 44-45). Abbreviations: Mel – Melpignano; SS – San 

Sidero; GCv – Grotta di Capelvenere; GTP -  Grotta delle Tre Porte; GMB – VI – Grotta Mario Bernardini – VI; 

GCa – HI – Grotta del Cavallo – HI; Cas – Castellana; GSC – Grotta Santa Croce; GLa – Grotta Laceduzza; 

GGi - Grotta dei Giganti; GU – III – Grotta Uluzzo – III; GMB- II – Grotta Mario Bernardini – II; CS –Cava 
Spagnulo; FCa – Fondo Cattìe; TI – Tana delle Iene; GCa – F – Grotta del Cavallo – F; GZi – Grotta Zinzulusa; 

GP – Grotta Paglicci; Car – Cardamone; FFo – Fondo Focone; SMA – G; Santa Maria d’Agnano – esterno – 

Gravettiano; SMA – E – Santa Maria d’Agnano – esterno – Epigravettiano; GMu – Grotta delle Mura.  
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Fig. 61 - Standard bivariate plot of muzzle length (ML) and muzzle breadth at the posterior borders of I3 (MB) 

of caballoid horses from Middle to Late Pleistocene of Europe (Tab. 53) 

 

 
Tab. 53 - Equidae crania from Middle to Late Pleistocene of Europe 
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Igue	des	Rameaux
Cuane	de	l'Arago
Mosbach
Lunel	Viel
San	Sidero
Fontainhas
Jaurens
Cuolet	des	Roches
Sirejol
Cardamone

Species Site Specimen number Age Reference BL ML P2M3L FaL FrL MB
Equus mosbachensis Igue des Rameaux Middle Pleistocene Uzundis (2018) 509.0 133.2 180.4 174.9 77.6
Equus mosbachensis 
tautavelensis

Cuane de l'Arago Middle Pleistocene Bellai (1998) 597.5 135.8 193.9 235.0 81.6

Equus mosbachensis Mosbach Middle Pleistocene Gromova (1949) 600.0 157.4 197.0 246.0 75.7
Equus mosbachensis Camp de Peyre Middle Pleistocene Bellai (1998) 187.0 219.0 78.0
Equus mosbachensis Lunel Viel 10110 Middle Pleistocene Eisenmann (1985) 514.0 141.1 167.0 215.0 71.0
Equus mosbachensis San Sidero IGF16329 Middle Pleistocene This work 145.0 195.2 78.3

Equus ferus antunesi Fontainhas Late Pleistocene Cardoso & Eisenmann 
(1989) 138.0 177.8 156.0 239.0 66.0

Equus ferus gallicus Jaurens FSL 303 486 Late Pleistocene vera-eisenmann.com 121.0 172.0 160.0 206.0 71.0
Equus ferus gallicus Jaurens FSL 303 482 Late Pleistocene vera-eisenmann.com 126.0 170.0 170.0 210.0 74.0
Equus ferus gallicus Jaurens FSL 303 468 Late Pleistocene vera-eisenmann.com 119.0 77.0

Equus ferus gallicus Cuolet des Roches N5.106 Late Pleistocene Cregut-Bonnoure et al. 
(2014) 478.0 120.6 176.0 166.0 215.5 76.0

Equus ferus gallicus Cuolet des Roches N4.289.1 Late Pleistocene Cregut-Bonnoure et al. 
(2014) 495.0 124.0 182.7 174.0 215.2 82.5

Equus ferus gallicus Cuolet des Roches M4.546 Late Pleistocene Cregut-Bonnoure et al. 
(2014) 490.0 115.0 173.6 > 140.0 211.6 79.5

Equus ferus gallicus Cuolet des Roches L4+M4 878 + 879 Late Pleistocene Cregut-Bonnoure et al. 
(2018) 116.5 75.0

Equus ferus gallicus Cuolet des Roches L6-41 Late Pleistocene Cregut-Bonnoure et al. 
(2018) 128.0 73.8

Equus ferus gallicus Cuolet des Roches L5-78 Late Pleistocene Cregut-Bonnoure et al. 
(2018) 115.5 77.4

Equus ferus gallicus Cuolet des Roches M6 437-1 Late Pleistocene Cregut-Bonnoure et al. 
(2018) 124.4 82.4

Equus ferus gallicus Cuolet des Roches M7 97 Late Pleistocene Cregut-Bonnoure et al. 
(2018) 123.4 73.5

Equus ferus gallicus Sirejol 100.854 Late Pleistocene vera-eisenmann.com 490.0 112.0 172.0 156.0 223.0 70.0
Equus ferus gallicus Sirejol 100.856 Late Pleistocene vera-eisenmann.com 490.0 123.0 184.0 160.0 220.0 70.0
Equus ferus gallicus Sirejol sans n° Late Pleistocene vera-eisenmann.com 173.0 73.0
Equus ferus Cardamone CC467 Late Pleistocene This work 574.8 138.1 179.0 152.8 231.2 82.5
Equus ferus Cardamone CC468 Late Pleistocene This work 182.4 158.6 240.4
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Discussion 

The taxonomy of the Equidae material from Middle to Late Pleistocene of Europe is still a 

controversial topic (Forstén, 1991; Asperen, 2012). The large variability of the morphological 

features and biometric traits of caballoid horses has been differentially interpreted by 

authors. In fact, no consensus exists on how to define this variability, as it is either treated 

as an intra-specific variability or considered to reflect speciation events (Forstén, 1988; 

Azzaroli, 1983; Cramer, 2002; Asperen, 2012). This unresolved taxonomical question led 

the proliferation of taxa, identified as either species or subspecies (E. mosbachensis, E. 

steinheimensis, E. achenheimensis, E. taubachensis) (see Asperen, 2012 for discussion). 

In the Italian fossil record, the specific attribution of the fossil samples from Middle 

Pleistocene sites reflects this uncertain (Equus altidens, Equus aff. sussebornensis, Equus 

caballus ssp., E. cf. E. mosbachensis Equus caballus cf. mosbachensis and Equus sp.) 

(Berzi, 1972; Caloi and Palombo, 1987; Strani et al., 2018; 2019). Preliminary studies on 

the Equidae fossil specimens from several Apulia Peninsula sites identified the presence of 

E. ferus from the deposits of Cardamone (Rustioni, 1998), Cava Spagnulo (Mecozzi et al., 

2017), Grotta del Cavallo (Sarti et al., 1998, 2002), Grotta Paglicci (Boscato, 1994), 

Melpignano (Rustioni, 1998) and Tana delle Iene (Conti et al., 2010). The taxonomical 

attribution of the material from San Sidero instead was debated. In the revision of the Middle 

to Late Pleistocene Equidae material from Europe, Eisenmann (1991b) attributed the 

material from this locality to the large-sized Equus chosaricus, whereas was referred to 

Equus ferus by De Giuli (1983) and (Rustioni, 1998).   

In this scenario, the analysis of a relatively large sample of Equus fossils from late Middle to 

Late Pleistocene localities of Apulia Peninsula allows to reassess the taxonomy and the 

evolutionary trend of horse species during the Aurelian in southern Italy. Based on the 

results of the statistical analyses and the comparison of the protocone index, E. 

mosbachensis is identified for the first time from few Apulian fossiliferous sites, among which 

San Sidero, Melpignano and Grotta di Capelvenere. E. mosbachensis possesses larger 

upper and lower teeth than those of E. ferus and different values of the protocone index. 

Indeed, the Grotta di Capelvenere, Melpignano and San Sidero samples displays a P3-4 

value higher than M1-2 one and M3 value higher than M1-2 ones. The taxonomic attribution to 

E. ferus of the material from other considered sites chronologically referred from late Middle 

Pleistocene (MIS 7) to the end of Late Pleistocene (MIS 2) is instead confirmed. In addition 

to smaller upper and lower teeth than those of E. mosbacheneis, the protocone index in the 

materials of E. ferus displays M1-2 value higher than those both P3-4 and M3. Furthermore, 
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for the samples from Tana delle Iene and Grotta delle Mura, the protocone index differs. 

Indeed, the values of of P3-4 and M1-2 are much lower than those of caballoid horse. 

According to Boulbes (2009), the protocone index from Tana delle Iene and Grotta delle 

Mura falls in the variability of Equus hydruntinus from Middle Pleistocene to Holocene of 

Europe. In Tana delle Iene and Grotta delle Mura localities, the presence of E. hydruntinus 

was previously reported (Bon and Boscato, 1993; Conti et al., 2010), and consequently their 

taxonomical attribution to E. ferus cannot be confirmed. 

Finally, in accordance with that reported in literature, the postflexide index fails to 

discriminate the Equidae taxa from Middle to Late Pleistocene and no trend through the time 

can be observed.  

Albeit E. mosbachensis is widely widespread in Europe during the Middle Pleistocene, its 

presence in Italian Peninsula was never reported (Gliozzi et al., 1997). In Apulia Peninsula, 

the Mosbach horse is identified for the first time in few localities, which unfortunately lack of 

absolute radiometric datings. As for the European material, in the Apulia Peninsula the 

Mosbach horse was well-distinct for its large teeth sized, which is larger to the wild horse 

(E. ferus) and display different values of the protocone index. According to Boulbes & 

Asperen (2019), the last occurrence of E. mosbachensis took place during the late Middle 

Pleistocene, probably throughout the MIS 6 (Guadelli, 2007; Uzunidis, 2017) although no 

general consensus was reached. However, the first historical appearance of E. ferus in 

Apulia Peninsula is from Grotta del Cavallo during the early Late Pleistocene (< 109 ka) 

(Zanchetta et al., 2018). Therefore, a new dispersal of Equus species could be taken place 

during the late Middle Pleistocene. This possible scenario is consistent with the results of 

the aDNA analysis performed on E. ferus, which revealed that the wild horse originated at 

about 240000 years ago (late Middle Pleistocene), differing therefore from the earlier form 

of Equus (George and Rider, 1986). Unfortunately, the uncertain of the taxonomical 

attribution for the Middle Pleistocene sample from Italian Peninsula record prevents the 

reconstruction of caballoid horse lineage (Berzi, 1972; Caloi and Palombo, 1987; Strani et 

al., 2018, 2019). 

The last occurrence of E. ferus in the Italian Peninsula is also unclear. Leonardi et al. (2018), 

reports the last historical occurrence of E. ferus in few localities chronologically referred to 

the Last Glacial (18-11.7 ka BP). During the Early Holocene, the presence of E. ferus was 

documented only in Grotta delle Mura (9521-8807 BP and 9438-9128 BP, Bon & Boscato, 

1993) (Leonardi et al., 2018). Nevertheless, the analysis of the protocone index led doubt 

on its taxonomical attribution, since differs from that of E. ferus, resembling instead that of 
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E. hydruntinus (Fig. 6).  Consequently, the presence of E. ferus from this deposit cannot be 

confirmed. In this scenario, the last occurrence of E. ferus in Italian fossil record could be 

placed to the levels 4 and 3a of Grotta Paglicci, dated around 14429 – 13370 cal BP and 

13712 – 12970 cal BP respectively. The disappearance of wild horses during the Early 

Holocene could be linked to a marked reduction of steppe- and tundra-like landscapes 

(Leonardi et al., 2018).  

The wild horse is a common element of the mammal assemblages from Apulia Peninsula 

during the late Aurelian, showing a homogenous body size through the time. According to 

Asperen (2012), size oscillations of E. ferus can occur in responses to climatic change, with 

the specimens from glacial stages being smaller and more robust, possibly as an adaptation 

to colder environmental conditions (Mayr, 1956; James, 1970; Lindstedt and Boyce, 1985; 

Blackburn et al., 1999). On the contrary, interglacial horses could be larger and slender. 

Some population of interglacial E. ferus can also be characterized by small and robust 

individuals (always less robust than glacial ones). The body-size of E. ferus of the Apulia 

region during the MIS 7-5 to MIS 2 is quite constant and no changes can be detected. 

According to Asperen (2010), this stasis could suggest that the wild horse was in low 

competition for resources in a stable landscape constantly dominated by open-environments 

(i.e. steppe-like and/or grasslands). Another feature which could fluctuate as response to 

climatic change is the proportion of the muzzle, where the skulls from glacial stages possess 

a wide and short muzzle and viceversa (Eisenmann, 2014; Cregut et al., 2018; Boulbes & 

Asperen 2019). According to Boulbes & Asperen (2019), there is no chronological 

differences among cranial proportions of caballoid horse through the Middle to Late 

Pleistocene of Europe (Fig. 7), despite a possible evolutionary trend for explaining these 

different cranial proportions was proposed. Specimens from deposits attributed to glacial 

stages display a short and wide muzzle, as in the cases of the Middle Pleistocene sites of 

Cuane de l’Arago (MIS 14-12) (France) (Eisenmann et al., 1985) and Igue des Rameaux 

(MIS 10-9) (France) (Uzunidis, 2017) or Late Pleistocene ones of Coulet des Roches (MIS 

2) (France) (Crégut-Bonnoure et al., 2018), Jaurens (MIS 3) (France) (Guerin, 1999), and 

Sirejol (MIS 3) (France) (Philippe et al., 1980). The crania from interglacial stages instead 

possess an elongated and narrow muzzle, as the specimens from Middle Pleistocene sites 

of Lunel-Viel (MIS 11) (France) (Bonifay, 1980; Eisenmann et al., 1985) and Mosbach (MIS 

13) (Germany) (Maul, 2000) (Fig. 7). An exception is represented by the cranium from Last 

Glacial (MIS 2) of Fontainhas (Portugal), since its proportions fall outside the variability of 

the glacial caballoid horses. However, Boulbes & Asperen (2019) chronologically referred 
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this specimen to interglacial stage, even if a radiometric dating reported by Cardoso and 

Eisenmann (1989) indicated an age of 22730 ± 835 ka. The proportions of the two studied 

skulls, San Sidero and Cardamone specimens, corroborated the glacial/interglacial 

separation. Indeed, the skull from Cardamone biochronologically referred to Last Glacial 

falls in the variability of the glacial group, representing one of the largest specimens. Against, 

the proportions of skull from San Sidero (MIS 9-8) differ from those of the glacial group, and 

are similar to those of Mosbach and Lunel-Viel ones. Finally, considering the large variability 

of the skull size of caballoid horses during the Middle and Late Pleistocene, no evolutionary 

trend can be recognized. Nevertheless, based on the proportions of the muzzle, two groups 

are identified from the Middle to Late Pleistocene of Europe, which reflect an adaptation to 

climate (glacial and interglacial stages). Therefore, the proportions of the muzzle of caballoid 

horse clearly reveal important information on climatic conditions and palaeoenvironment.  
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6.3 Suidae 
 
The wild boar (Sus scrofa Linnaeus, 1758) appeared in Asia during the Early Pleistocene 

and spread in Europe during the Epivillafranchian (late Early Pleistocene) (Bellucci et al., 

2015; Martìnez-Navarro et al., 2015; Franzt et al., 2016). The first representatives of S. 

scrofa overlapped in time with late-surviving populations of Sus strozzii Forsyth Major, 1881, 

as recently confirmed by the occurrence of the latter species from Frantoio (Arda river) 

approximately dated to 0.99 Ma (Bona and Sala, 2016). The replacement of the humid-

specialized S. strozzii with the adaptable S. scrofa is a bioevent of high palaeoecological 

significance (Faure & Guérin, 1984). Unfortunately, the taxonomical attribution of the 

European Epivillafranchian suines is still unresolved, and consequently the material from 

Sima del Elefante (Carbonell et al., 2008) and Vallparadís Estacio (Iberian Peninsula) 

(Madurell-Malapeira et al., 2010; Martinez et al., 2010; Strani et al., 2019), Vallonnet 

(France) (Moullé et al., 2006) and Castagnone (Italy) (Siori and Sala, 2007) has been 

attributed to Sus sp. Only the specimens from Untermassfeld (Germany) have been 

classified as S. scrofa priscus (Goldfuss, 1823) (Guérin and Faure, 1997). Essentially, the 

complex debate on suinae taxonomy lead some authors to consider S. scrofa as a single 

and highly polymorphic species (Lister et al., 2010; van der Made et al., 2017; Cherin et al., 

2018); whereas others accepted S. s. priscus as a valid subspecies diffused in Europe in 

the late Early Pleistocene to the early Middle Pleistocene (Goldfuss, 1823; Hünermann, 

1969, 1975; Guérin and Faure, 1997; Tsoukala and Guérin, 2016). Despite this debate, 

there is instead a general consensus in recognizing that early wild boars are quite larger 

than their extant counterparts. Nevertheless, time and mode of the size reduction of this 

species have not been carefully investigated. 

In the Italian Peninsula, the first occurrence of the wild boar is from Slivia, dated about 0.85 

Ma (Ambrosetti et al., 1979; Petronio et al., 2011). Suinae fossils of large size are known 

from several Italian Middle Pleistocene localities, such as Bristie 1 (Lugli & Sala, 2000), 

Torre del Pagliaccetto (Caloi & Palombo, 1978), Malagrotta (Caloi & Palombo, 1980) and 

La Polledrara di Cecanibbio (Anzidei et al., 2012). Other scanty and/or poorly described 

remains come from some key localities for the Mammal Age of the Italian large mammal 

biochronological scale, such as Ponte Galeria (Petronio & Sardella, 1999), Isernia La Pineta 

(Sala, 1996), Fontana Ranuccio (Strani et al., 2018) and Visogliano (Abbazzi et al., 2000). 

The wild boar has been reported from many late Middle and Late Pleistocene localities of 

the Apulia region, but most of these materials have never been properly described or figured 

(e.g. Grotta dei Giganti, Blanc, 1958; Grotta Uluzzo C, Borzatti von Löwestern & Magaldi, 
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1969; Grotta del Cavallo, Sarti et al., 1998). In this work, therefore the wild boar material 

from several late Middle and Late Pleistocene sites of Apulia is here presented for the first 

time (Tab. 54-55) (Fig. 62). The morphometric comparison and statistical analysis are 

performed in order to evaluate the dental variability of the fossil and extant Italian samples. 

We also performed body mass estimates of the fossil and extant samples following the 

equations provided by Janis (1990) [body mass = (tooth length x slope) + intercept] (Tab. 

56). 

 

Tab. 54 – Upper teeth measurements of Sus scrofa from Apulian Middle-Late Pleistocene sites 

 

 

 

 

 
 

 

 
 

 

 

 

 

 

Site Reference MIS P3L P3W P4L P4W M1L M1W M2L M2W M3L M3W
Grotta delle Tre 

Porte
This work ?7-5 37.4 21.9

Avetrana This work 5

37.8          

(min= 37.1 - 

max= 38.6)

21.0         

(min= 19.0 - 

max= 22.0)

Grotta 

Zinzulusa - B6
This work 4

17.1 13.8

Avetrana This work 3

13.0       

(min= 12.2 - 

max= 13.9)

13.4          

(min= 12.7 - 

max= 14.1)

15.6 14.6

24.8          

(min= 24.0 - 

max= 25.7)

18.1          

(min= 16.7 - 

max= 19.6)

37.0          

(min= 34.5 - 

max= 39.1)

21.0         

(min= 19.1 - 

max= 22.0)

Fondo Focone This work 2 22.6 19.4

SMA - Esterno 

Gravettian
This work 2

25.5 17.2

SMA - Esterno 

Epigravettian
This work 2

13.3 13.6

Grotta 

Romanelli
This work 1

14.9
10.5 18.9 13.9

Grotta delle 

Prazziche

This work 1

15.0       

(min= 14.4 - 

max= 15.7)

14.0       

(min= 13.9 - 

max= 14.5)

17.8       

(min= 17.1 - 

max= 18.6)

14.0       

(min= 13.8 - 

max= 15.1)

21.5 16.4

33.4       

(min= 32.5 - 

max= 34.2)

18.8       

(min= 18.7- 

max= 19.0)

Grotta delle 

Mura

Bon & Boscato 

(1993)
1 33.9 18.5

Extant Sus 
scrofa

Kuşatman 

(1991); This 

work

14.5 10.9 14.2 14.6

16.4         

(min= 15 - 

max= 18.6)

14.7         

(min= 13.8 - 

max= 13.5)

21.3          

(min= 19.1 - 

max= 24.5)

17.9          

(min= 16.5 - 

max= 19.2)

35.6           

(min= 33.4 - 

max= 37)

20.5          

(min= 19 - 

max= 21.8)
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Tab. 55 – Lower teeth measurements of Sus scrofa from Apulian Middle-Late Pleistocene sites 

 

 

 
 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

Site Reference MIS P2L P2W P3L P3W P4L P4W M1L M1W M2L M2W M3L M3W

Melpignano This work ?9-8 13.8 8.5
18.3.                              

(min= 16.8 - 
max = 19.2)

10.8           
(min= 9.2 - 
max =11.7)

21.5 15.1 45.0 16.4

Grotta delle 
Striare

This work ?7-5
16.2 11.8

Avetrana This work 5 25.9 17.5
41.1        

(min= 40.3 - 
max= 41.9)

17.7        
(min= 17.5- 
max= 17.9)

Grotta dei 
Giganti

This work 4
22.8 15.1 37.1 16.7

Grotta 
Zinzulusa - B6

This work 4 13.2 7.6 15.3 9 15.6 10.6 22.1 14.5
33.0           

(min= 32.8 - 
max= 33.1)

15.9          
(min= 15.2 - 
max= 16.6)

Grotta 
Laceduzza

This work 4
21.2 12.7 30.5 14.6

Grotta Mario 
Bernardini 

This work 4
13.8 9.7 16.6 12.6

Grotta Uluzzo C This work 4 29.1 15.4

Avetrana
This work 3 12.2 4.7

14.6       
(min= 14.4 - 
max= 14.8)

6.7            
(min= 6.4 - 
max= 7.1)

16.1 9.0
17.3        

(min= 17.1 - 
max= 17.5)

12.7           
(min= 11.9 - 
max= 13.7)

23.8        
(min= 21.9 - 
max= 25.4)

16.6         
(min= 16.4 - 
max= 16.9)

41.1       
(min= 40.0 - 
max= 42.2)

17.9        
(min= 17.4- 
max= 18.3)

Fondo Focone This work 2 11.6 6.8

Grotta 
Zinzulusa - B5-3

This work 2
16.7         

(min= 16.2 - 
max= 17.1)

11.3         
(min= 11.1 - 
max= 11.4)

Grotta Paglicci Boscato (1994) 2 38.8 17.8
SMA-esterno - 
Epigravettian

This work 2 28.2 14.8

Grotta 
Romanelli

This work 1 13.9 8.2 13.9 9.7
16.7     

(min= 16.2 - 
max= 17.2)

11.5     
(min= 10.9 - 
max= 12.0)

22.9
15.0     

(min= 14.6 - 
max= 15.3)

34.2     
(min= 32.0 - 
max= 36.4)

15.9     
(min= 14.7 - 
max= 17.1)

Grotta delle 
Prazziche

This work 1 17.8 13.2 22.9 15.7
35.9       

(min= 35.7 - 
max= 36.2)

16.0       
(min= 15.6 - 
max= 16.4)

Grotta delle 
Mura

Bon & Boscato 
(1993)

1
23.7 14.0 34.0 16.7

Grotta della 
Jena

This work 1
29.0 14.6

Extant Sus 
scrofa

Kuşatman (1991); 
This work

11.5 5.3 14.2 7.4
14.7     

(min= 14.2 - 
max= 15.6)

9.3       
(min= 8.9 - 
max= 9.8)

15.5     
(min= 13.5 - 
max= 18.0)

11.9     
(min= 11.5 - 
max= 12.5)

20.7     
(min= 18.2 - 
max= 23.8)

14.9     
(min= 13 - 
max= 16.7)

38.2     
(min= 34 - 
max= 42.5)

17        
(min= 15.5 - 
max= 18.6)
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Site Age M1L M2L M3L M1L M2L M3L 

Melpignano MIS 9-8    61.0                                      
(min=56.2 - 
max =64.0) 

67.1 121.9 

Grotta delle 
Striare MIS 7-5    54.2   

Grotta delle Tre 
Porte MIS 7-5   106.4    

Avetrana 2-7 MIS 5   
107.5                            

(min=105.5 - 
max=109.8) 

   

Grotta dei Giganti MIS 4     71.1 111.7 
Grotta 
Laceduzza MIS 4     66.1 92.0 

Grotta Mario 
Bernardini - III MIS 4    55.5   

Grotta Uluzzo C - 
III MIS 4      87.8 

Grotta Zinzulusa MIS 4 
51.7                          

(min= 49.4 - 
max=54.0) 

68.0 93.4   99.8 

Avetrana 8 MIS 3 49.4 
76.3                              

(min=73.8 - 
max=78.9) 

105.3                                
(min=98.2 - 
max=111.2) 

57.8                                 
(min=57.1 - 
max=58.4) 

74.1                           
(min=68.3 - 
max=79.0) 

123.7                                    
(min=120.4  
max=127.0) 

Fodo Focone MIS 2  69.5     

Grotta Paglicci MIS 2      116.8 

Grotta Zinzulusa MIS 2    55.8                           
(min=54.2 - 
max=57.1) 

  

SMA- esterno - 
Gravettiano MIS 2  78.3     
SMA- esterno - 
Epigravettiano MIS 2      85.1 

Grotta della Jena MIS 1      87.5 

Grotta delle Mura MIS 1   96.5  73.8 102.5 

Grotta delle 
Prazziche MIS 1 

55.9               
(min=54.0 - 
max=58.7) 

66.2 
94.9                  

(min=92.6 - 
max=97.4) 

59.4 71.4 
108.1 

(min=107.5 - 
max=109.0) 

Grotta Romanelli MIS 1 59.6   55.8                            
(min=54.1 - 
max=57.4) 

71.3 
103,0                            

(min=96.5 - 
max=109.6) 

Extant italian Sus 
scrofa    

51.7                                      
(min=47.5 - 
max=58.7) 

65.7                                    
(min=58.9 - 
max=75.3) 

101.4                                     
(min=95.1 - 
max=105.3) 

52.0                                  
(min=45.4 - 
max=57.5) 

64.5                                       
(min=56.9 - 
max=74.1) 

114.9                                  
(min=102.5 - 
max=127.9) 

 
Tab. 56 – Body mass estimates derived from the molars of Sus scrofa from the late Middle-Late Pleistocene 
sites of Apulia and the extant Italian wild boar. 
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Suidae from the late Middle-Late Pleistocene of Apulia display a huge dental variability (Figs. 

63-64) (Tabs. 54-55). Nevertheless, the statistical analysis of M3L supports a significant 

separation between a large-sized interglacial group and a small-sized glacial + early 

Holocene one. In fact, the MIS 1 reference sample is classified as distinct from the 

interglacial samples (MIS 3 and MIS 5), Melpignano, and the extant Italian population, but 

not from glacial groups (MIS 2 and MIS 4) (Fig. 65). Lower third molars are larger in 

Melpignano (M3L 40.5 mm) and interglacial specimens (Avetrana 2-7: M3L mean 41.1 mm, 

min 40.3 mm, max 41.9 mm; Avetrana 8: M3L mean 41.1 mm, min 40.0 mm, max 42.2 mm) 

than in the glacial ones (the longest specimen is from Grotta Paglicci: M3L 38.8 mm) and 

extant wild boar (M3L mean 38.2 mm, min 34.0 mm, max 42.5 mm). Despite the clear 

separation among the groups supported by the statistical analysis, the paucity of the sample 

needs to carefully consider this hypothesis.  

Judging by their size, interglacial suids from Apulia are closer to the Italian Middle 

Pleistocene remains than to the others Apulian Late Pleistocene ones. Particularly, M3L from 

Avetrana are comparable to Bristie 1 (Trieste) (M3L mean 42.3 mm, min 39.6 mm, max 44.1 

mm; M3W mean 18.9 mm, min 18.0 mm, max 19.7 mm) and the upper levels of Torre del 

Pagliaccetto (Rome) (Id. n.399: M3L 47.0 mm, M3W 20.0 mm; Id. n.624: M3L 41.0 mm M3W 

19.0 mm) chronologically referred to the Middle Pleistocene (Caloi and Palombo, 1978; Lugli 

and Sala, 2000). Conversely, small-sized S. scrofa is reported from Grotta della Cala 

(Salerno) levels dated to 26.380 ± 260 14C yr BP and 26.680 ± 320 14C yr BP (MIS 2) (M3L 

30.1 mm, M3W 17.6 mm; M2L 25.2, M2W 17.0; M3L 27.5, M3W 15.6) (Boscato et al., 1997). 

The other measurements are consistent with these results, with late Middle Pleistocene and 

interglacial specimens of larger size than the rest of the fossil material (Figs. 63-64).  The 

large size of Middle Pleistocene European wild boar is widely recognized among 

researchers (Guérin and Faure, 1997; Lister et al., 2010), but no agreement exists on the 

time and mode of the size reduction. The results reveal that in the late Middle to Late 

Pleistocene there is no progressive trend towards small dimensions, as assumed in previous 

studies (e.g. Hünermann, 1969, 1975; Faure and Guérin, 1983; Guérin and Faure, 1997). 

Against, several shifts in size were observed, related to interglacial-glacial cycles.  

The postcranial sample is too limited to draw significant considerations, nevertheless 

interglacial specimens from Avetrana are larger than the other specimens (Humerus Bd: 

50.4, 52; Astragalar length: 57.1; 60.8) and close to the Middle Pleistocene Bristie 1 

(Humerus Bd: 49.5; 52.3) or even larger (Astragalar length: 51; 54; 57.5). Moreover, at least 
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for the talus, glacial-interglacial differences (16.5%) slightly exceed the range of sexual 

variability of modern wild boar (Kuşatman 1991). 

The large size of Middle Pleistocene European wild boar is widely recognized among 

researchers (Guérin & Faure, 1997; Lister et al., 2010), but no agreement exists on the time 

and mode of the size reduction. Our results reveal that in the late Middle-Late Pleistocene 

there is no progressive trend towards small dimensions, as assumed in previous studies 

(e.g. Hünermann, 1969, 1975; Faure & Guérin, 1983; Guérin & Faure, 1997). Against, we 

observe several shifts in size, related to interglacial-glacial cycles. The only apparent 

discrepancy is the MIS 1 small-sized sample (Grotta Romanelli, Grotta della Jena, Grotta 

delle Mura, Grotta delle Prazziche), however, the Early Holocene was characterized by a 

cold and dry environment (Sadori & Narcisi, 2001; Martrat et al., 2014; Giustini et al., 2018), 

hence this exception actually proves the general pattern observed in this study (smaller size 

in colder settings). The sample from MIS 2 displays a wide amplitude of M3L (min 28.2; max 

38.8). The variability of this group, unfortunately represented by only two specimens, 

exceeds that of the extant sample, even if it does not overlap with MIS 3 and MIS 5 

specimens. 

Predicted values vary greatly between different teeth (M1L min estimate: 49.4 kg; M3L max 

estimate: 127 kg). Comparing the outcomes obtained for the extant Italian sample with 

values directly measured on living animals —between 58.9 Kg and 85.6 Kg (Apollonio, 

2003)— it can be supported that second molars provide the most reliable results —being 

between 56.9 Kg and 75.3 Kg—  in agreement with previous studies (Janis, 1990; Fortelius 

et al., 1996). On the contrary, first and third molars estimates are quite divergent. Precisely, 

first molars underestimate the individual body mass, whereas third molars overestimate it. 

Only the latter case has an explanation from the literature, as a limitation of using ungulate-

fitted equations for omnivores, which possess proportionally longer teeth (Janis, 1990). 

According to second molars predictions, the heaviest wild boars occurred during interglacial 

stages, with estimated mean values in each case above the ones predicted for the glacial 

and extant samples. In fact, M2L predicts an average body mass of 76.3 kg for the 

interglacial sample (MIS 5 and MIS 3) while average values are 73.9 kg for the glacial one 

(MIS 4 and MIS 2) and 65.7 kg for the extant population. M2L provides similar results, 75.5 

kg during interglacial periods, while average glacial, early Holocene, and extant values are 

respectively 68.7 kg, 72.2 kg, and 64.5 kg. M1L, M3L, and M3L estimates are consistent with 

these results, even though they provide less reliable absolute values. The only exception 

are M1L estimates, which are biased, however, by the poor representativeness of the first 
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upper molar in the interglacial sample (only one specimen) and by the high percentage of 

young individuals —thus with relatively longer teeth, being less affected by wear— in the 

early Holocene sample.  

 

 
 

Fig. 62 – Fossil specimens of Apulian sites: a – MPND683, right hemimandible from Melpignano; b – A8-11-
205, left maxillary from Avetrana; c – AND1694, left hemimandible from Avetrana; d – AND1695, right 
hemimandible from Avetrana; e – ISIPU-GZ482, right hemimandible from Grotta Zinzulusa; f – MUCIV-
GR3499, hemimandible from Grotta Romanelli. Fossils are figured in labial (1), lingual (2) and occlusal (3) 
views. 
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Fig. 63 – The variation in size in Sus scrofa, as indicated by the length of the upper first (a), second (b) and 
third (c) molar. Age in millions of years and oxygen isotope curves (after Shackleton, 1995) on the left, next 
the fossiliferous sites and their suggested ages indicated by line. Symbol: circle - Middle Pleistocene; square 
– Late Pleistocene – Holocene.  



183  

 
Fig. 64 – The variation in size in Sus scrofa, as indicated by the length of the lower first (a), second (b) and 
third (c) molar. Age in millions of years and oxygen isotope curves (after Shackleton, 1995) on the left, next 
the fossiliferous sites and their suggested ages indicated by line. Symbol: circle - Middle Pleistocene; square 
– Late Pleistocene – Holocene.  
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Fig. 65 - (a) Boxplot of M3 length from the late Middle-Late Pleistocene sites grouped for chronology (MIS) 
(see Tab. 55); (b) Table of p-values for the linear model.  
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6.4 Bovidae 
 
Bos primigenius occurrs for the first time in early Middle Pleistocene mammal assemblage 

ascribed to the Isernia F.U. (Galerian LMA), such as Venosa-Notarchirico (Matera, southern 

Italy) (ca. 0,6 Ma Lefèvre et al., 2010) and Valdemino (Sala & Masini, 2007). This species 

became very common in the late Galerian-Aurelian assemblage, and the largest specimens 

of this taxon were recorded from Malagrotta (Rome, central Italy) (MIS 11) (Caloi & Palombo, 

1980). The aurochs represents the only bovid taxon recovered in the southern Italy starting 

from the late Middle Pleistocene, disappearing from Italy during the Historical time (Roman 

age) (Sala et al., 1992). A number of studies focused on the size variability of the aurochs, 

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 & Fredskil, 1970; 

Brugal, 1983; Cerili & Petronio, 1992).  

In this work, the upper and lower teeth of B. primigenius from late Middle and Late 

Pleistocene sites of the Apulia Peninsula have been collected (Tab. 56-59). As comparison, 

have been used the measurements from several Late Pleistocene sites from Apulia (Tab. 

56). Considering the dental measures, the upper and lower premolars of B. primigenius 

show a large variability in size and proportions (Tab. 57-60). Instead, the upper and lower 

molars seem to increase in size through the late Middle to Late Pleistocene (Fig. 66-69).  

Statistical analysis demonstrated that the upper molars from the late Middle Pleistocene are 

smaller than those from the Late Pleistocene (Fig. 70-71) (Tab.61). Instead, the lower molars 

show no trend of increase of size through the last 350 kyr, excepted for the third molar (Fig. 

70) (Tab. 62). Indeed, the sample from the Last Glacial (MIS 2) is larger than that from the 

late Middle Pleistocene (MIS 9-6), Late Pleistocene (MIS 5-3) and Early Holocene (MIS 1) 

(Fig. 73) (Tab. 62). 
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Sito Age Reference Value P2L P2W P3L P3W P4L P4W M1L M1W M2L M2W M3L M3W 

Melpignano MIS 9-8 This work 

Mean 19.3 19.6 22.8 19.4 28.3 20.4 30.7 26.5 32.1 27.1 33.5 27.4 
Max 20.7 23.0 26.2 21.5   32.7 28.2 33.0 29.2 35.5 28.3 
Min 18.4 16.8 19.3 17.3   26.7 23.3 30.8 22.4 31.1 26.6 
n 3 3 2 2 1 1 6 6 4 4 7 7 

San Sidero MIS 9-8 This work 

Mean         34.4 26.3   
Max             
Min             
n         1 1   

Grotta di 
Capelvenere MIS 9-8 This work 

Mean 18.4 17.4 20.0 21.5         
Max 20.0 18.6 22.2 22.5         
Min 17.6 16.1 17.7 20.5         
n 3 3 2 2         

Grotta delle 
3 Porte MIS 7-5 This work 

Mean 16.3 14.7 17.5 16.0 17.7 18.4 29.2 26.7 33.6 27.9 30.5 27.7 
Max   18.7 17.4 20.5 18.9 31.3 27.9 36.3 29.2 30.6 28.3 
Min   16.3 14.5 15.7 18.0 27.2 25.3 31.0 25.8 30.5 26.9 
n 1 1 2 2 3 3 3 3 4 3 3 3 

Avetrana 2-7 MIS 7-5 This work 

Mean 20.1 16.9 20.3 20.2 20.9 22.8 31.4 25.2 36.2 27.5 35.0 27.4 
Max 22.9 19.9 21.4 23.3 21.8 24.5 34.0 26.7 37.6 29.0 37.0 28.7 
Min 18.1 15.5 18.5 17.9 19.8 21.9 28.3 22.9 34.2 25.5 31.9 26.3 
n 8 8 7 7 6 6 6 6 4 4 10 10 

Grotta 
Uluzzo C - 

IV 
MIS 7-5 This work 

Mean         37.8 27.3   
Max             
Min             
n         1 1   

Grotta Mario 
Bernardini - 

IV 
MIS 5 This work 

   19.2 18.8   31.2 27.1   31.2 24.8 
             

             
   1 1   1 1   1 1 

Castellaneta MIS 5 This work 

Mean 18.6 15.8 20.0 21.7   29.6 24.5 32.5 25.2 34.5 26.8 
Max 20.2 17.3 20.0 21.7   31.8 25.1 32.7 26.4 36.2 27.9 
Min 16.9 14.2 20.0 21.7   28.2 23.8 32.2 23.4 33.0 25.8 
n 2 2 1 1   6 6 3 3 5 5 

Grotta dei 
Ladroni MIS5 This work 

   19.9 14.9   27.2 19.8     
             
             
   1 1   1 1     

Ingarano MIS 5 This work 

Mean       28.2 21.5 33.1 25.0   
Max             
Min             
n       1 1 1 1   

Grotta dei 
Giganti MIS 4 This work 

Mean 19.9 19.8 19.4 17.6 17.9 19.1 31.3 22.1 33.3 23.3   
Max     18.1 20.5 32.2 27.0 34.1 27.3   
Min     17.7 17.6 30.4 17.2 32.8 21.2   
n 1 1 1 1 2 2 2 2 3 3   

Grotta Santa 
Croce MIS 4 This work 

Mean 21.9 17.7    29.4 20.8 37.0 27.6    
Max             
Min             
n 1 1       1 1 1 1       

 
Tab. 57 – Measurements of the upper teeth of Bos primigenius from Middle Pleistocene to Late Pleistocene 
of Apulian sites. 
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Sito Age Reference Value P2L P2W P3L P3W P4L P4W M1L M1W M2L M2W M3L M3W 

Grotta Mario 
Bernardini-III MIS 4 This work 

Mean 19.6 15.3 20.7 21.5 19.5 22.3 33.1 27.9 34.2 30.2   
Max             
Min             
n 1 1 1 1 1 1 1 1 1 1   

Grotta Uluzzo 
C - III MIS 4 This work 

Mean 18.7 15.9 19.0 18.7 20.8 20.4 28.9 26.0 34.3 26.1 32.1 25.3 
Max 21.1 18.2 20.5 20.7 22.5 22.2 29.7 26.1 37.1  33.0 26.5 
Min 15.4 13.8 15.4 14.2 19.1 18.5 27.7 25.9 33.1 26.1 31.2 24.7 
n 4 4 5 5 2 2 3 2 4 1 3 3 

Grotta 
Laceduzza MIS 4 This work 

Mean 17.9 13.3         32.3 25.6 
Max             
Min             
n 1 1         1 1 

Cava Spagnulo MIS 3 This work 

Mean       28.3 26.3     
Max             
Min             
n       1 1     

Avetrana MIS 3 This work 

Mean 20.0 16.9 20.6 19.7 20.7 22.0 30.0 25.6 34.1 27.4 34.3 26.2 
Max 22.8 20.3 23.9 21.9 22.5 23.9 33.2 27.6 37.7 31.1 37.4 31.9 
Min 18.0 13.6 18.5 18.3 16.0 20.2 26.7 23.4 30.1 23.0 31.0 22.3 
n 22 22 12 12 22 21 27 27 29 29 25 25 

Grotta 
Zinzulusa MIS 2 This work 

Mean   15.4 18.5     37.4 28.1   
Max             
Min             
n   1 1     1 1   

Cardamone MIS 2 This work 

Mean 19.6 18.0 21.4 22.6 22.6 24.0 32.6 27.0 36.0 28.2 37.7 28.9 
Max 22.9 24.9 23.1 23.9 23.8 25.1 35.1 30.3 37.5 33.4 40.9 31.0 
Min 16.4 14.9 16.8 20.2 21.2 23.4 29.8 25.8 34.0 26.5 34.0 27.4 
n 16 16 12 12 7 7 16 16 16 16 14 14 

Fondo Focone MIS 2 This work 

Mean 18.7 16.4 19.4 17.1   31.1 25.1 34.6 27.2 35.6 27.2 
Max 20.9 17.7     31.7 25.4 36.1 27.9 36.2 27.7 
Min 17.2 15.3     30.4 24.8 33.8 26.3 35.0 26.7 
n 3 3 1 1   2 2 3 3 2 2 

SMA - Esterno 
Gravettiano MIS 2 This work 

Mean   24.6 19.4   35.0 26.9 34.4 26.9   
Max         35.2 27.1   
Min         33.5 26.7   
n   1 1   1 1 2 2   

SMA - Esterno 
Epigravettiano MIS 2 This work 

Mean 20.8 14.5  
   31.4 23.8     

Max 21.3 14.6           

Min 20.2 14.4           
n 2 2     1 1     

Grotta 
Romanelli MIS 1 This work 

Mean 18.3 14.3 19.5 20.1 20.4 23.4 28.6 26.0 34.1 25.7 33.7 24.2 

Max 20.0 15.0 22.3 23.0 24.4 24.7 31.4 27.9 35.8 28.9 38.1 26.7 

Min 16.5 13.5 17.1 16.7 17.8 22.5 25.9 24.3 32.4 23.2 31.1 22.9 

n 2 2 10 10 5 5 5 5 5 5 6 6 
 
Tab. 58 – Measurements of the upper teeth of Bos primigenius from Late Pleistocene sites of Apulia.  
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Site Reference Age Value P2L P2W P3L P3W P4L P4W M1L M1W M2L M2W M3L M3W 

Melpignano This work MIS 9-8 

Mean   22.0 12.9 24.7 13.1 28.9 16.5 34.2 17.9 43.3 15.1 
Max   22.3 13.1 25.4 13.5 31.1 19.9 37.4 20.4 45.1 16.6 
Min   21.6 12.7 23.5 12.8 26.7 16 32.2 14.2 42.1 13.9 
n   2 2 3 3 6 6 8 8 4 4 

San Sidero This work MIS 9-8 

Mean       29.7 19.9     
Max             
Min             
n       1 1     

Grotta delle 
3 Porte This work MIS 7-5 

Mean 17.9 11.8 20.4 11.5 22.1 12.0 30.0 16.2 34.4 17.0 45.9 15.3 
Max 19.7 13.5 21.8 12.5 22.6 12.8   36.4 17.6 47.8 15.7 
Min 15.1 10.6 19.2 10.7 21.5 10.9   32.4 16.3 43.2 14.6 
n 5 5 4 4 4 4 1 1 2 2 4 4 

Avetrana 2-
7 This work MIS 7-5 

Mean 11.8 6.0 21.6 12.2 23.3 13.8 29.8 17.9 34.8 19.2 46.5 18.0 
Max   22.5 12.8 25.3 15.2 31.6 18.5 38.2 19.8 49.4 19.4 
Min   20.8 10.9 22.2 12.7 27.9 17.5 32.4 18.1 42 16.7 
n 1 1 5 5 6 6 2 3 6 6 6 6 

Grotta 
Uluzzo C - 

IV 
This work MIS 7-5 

       30.7 20.3     
             
             
       1 1     

Grotta Mario 
Bernardini - 

VI 
This work MIS 7-5 

Mean 10.7 9.6 21.0 12.2   28.6 18.0 33.5 19.4 46.0 18.3 
Max   21.8 12.8   30 18.5 33.5  48.4 19.6 
Min   20.3 11   27.2 17.3 33.5  43 16.9 
n 1 1 4 4   4 4 2 1 4 4 

Castellaneta This work MIS 5 

Mean   21.5 12.2 23.4 13.3 29.3 17.7 36.2 18.5 46.8 17.5 
Max   22.2 12.3 25.0 13.4 31.9 19.3 36.2 18.6 48.4 18.4 
Min   20.7 12.0 20.7 13.1 25.8 16.7 36.1 18.3 44.1 15.5 
n   2 2 3 3 9 9 2 2 6 6 

Grotta dei 
Ladroni This work MIS 5 

Mean   23.6 13.6 25.3 15.9       
Max             
Min             
n   1 1 1 1       

Grotta 
Santa Croce This work MIS 4 

Mean         37.2 19.2   
Max             
Min             
n         1 1   

Grotta 
Zinzulusa - 

B6 
This work MIS 4 

Mean 13.3 10.2 22.6 12.7 22.5 13.6 29.1 18.9 35.5 20.3 47.1 19.2 
Max     24.6 14.5 30.1 19.7     
Min     20.4 12.7 28.1 18.1     
n 1 1 1 1 2 2 2 2 1 1 1 1 

Grotta dei 
Giganti This work MIS 4 

Mean 19.7 11.1 20.4 11.7 24.9 14.0 32.8 18.1 36.7 17.3 46.0 18.6 
Max 23.3 12.3 20.9 12.3 26.9 15 34.3 19.8 37.1 17.6 48.8 19.7 
Min 14.5 9.9 19.9 11 23.9 13.2 31.5 16.2 36.2 17 44.1 17.5 
n 4 4 2 2 4 4 5 5 2 2 6 6 

 
Tab. 59 – Measurements of the lower teeth of Bos primigenius from Middle Pleistocene to Late Pleistocene 
of Apulian sites.  
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Site Reference Age Value P2L P2W P3L P3W P4L P4W M1L M1W M2L M2W M3L M3W 

Grotta 
Laceduzza This work MIS 4 

Mean 20.8 11.5 24.4 14   28.3 17   45.2 16.3 

Max           48 17.3 

Min           42.3 15.2 

n 1 1 1 1   1 1   3 3 

Grotta Uluzzo 
C - III This work MIS 4 

Mean 13.3 9.3 21.8 12.0 24.5 14.2 29.3 17.8 34.4 18.2 46.2 18.3 

Max 13.8 10.1 22.9 14.8 26.1 14.8 31.5 19.2 36.2 18.5 47.2 19 

Min 12.7 8.4 20 3.8 20.7 13.8 25.6 15 33.4 17.8 45.5 17.8 

n 3 3 8 7 6 5 9 8 4 4 3 3 

Avetrana -8 This work MIS 3 

Mean 13.2 9.3 21.9 12.9 24.1 14.1 29.3 17.9 34.6 18.8 46.8 18.3 

Max 14.4 9.7 32.3 19.3 28.9 16.6 32.5 20 38.8 20 52 20.8 

Min 12 8.9 18.9 10.9 19.5 12.1 26.3 16 32 17.4 42.2 15.8 

n 7 5 27 27 29 28 33 34 31 30 33 32 

Cava 
Spagnulo This work MIS 3 

Mean       26.3 16.2 32 19.8 44.5 15.3 

Max             
Min             
n             

Grotta 
Zinzulusa.         

B5-3 
This work MIS 2 

Mean         36.6 19.7   
Max             
Min             
n             

Cardamone This work MIS 2 

Mean 13.5 10.6 21.9 14.0 25.5 15.1 31.1 18.8 35.1 20.1 48.7 19.3 

Max 15.3 11.7 23.3 16.7 28.6 16.5 35.4 20.9 37.8 23.4 52 21.7 

Min 11.7 9.4 18.5 12.8 21.9 13.8 26.7 17.7 30.9 17.3 45 17 

n 13 13 17 17 17 17 25 23 27 25 30 30 

Fondo 
Focone This work MIS 2 

Mean 21.0 13.2 26.5 14.0 28.2 16.3 28.7 17.5 35.2 18.6   
Max   27.8 14.6   32.3 18 37.4 19.6   
Min   25.1 13.3   25.3 16.6 34.3 17.9   
n 1 1 2 2 1 1 3 3 6 5   

SMA - 
Esterno 

Gravettiano 
This work MIS 2 

Mean 12.8 9.0 20.7 13.7 25.5 14.8 29.1 18.2 34.7 19.4 49.3 19.2 

Max 12.8 9     29.8 18.4 35.3 20.1 50.5 19.4 

Min 12.8 9     28.4 18 34.1 18.6 48 18.9 

n 2 2 1 1 1 1 2 2 2 2 2 2 

SMA - 
Esterno 

Epigravettian
o 

This work MIS 2 

Mean 14.0 10.3 21.8 12.9 23.8 14.2 30.3 19.2 34.7 19.2 50.1 19.5 

Max   24.2 14.3 25.2 14.6   34.7 19.4 50.2 19.6 

Min   19.3 11.4 22.4 13.7   34.6 19 49.9 19.3 

n 1 1 2 2 2 2 1 1 2 2 2 2 

Grotta 
Romanelli This work MIS 1 

Mean 15.4 11.6 21.9 13.3 24.6 15.7 29.5 18.1 32.6 19.3 46.3 19.3 

Max 18.1 15.3 24.3 14.5 30.3 18.8 31.9 19.4 36.5 21.5 49.3 20.4 

Min 10.8 7.5 19.4 9.9 21.3 14.1 25.1 16.1 30.1 18.0 43.9 18.1 

n 4 4 9 9 11 11 21 21 16 16 7 7 
 
Tab. 60 – Measurements of the lower teeth of Bos primigenius from Late Pleistocene sites of Apulia.  
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Fig. 66 – The variation in size in Bos primigenius, as indicated by the length of the upper first and second 
molar. Age in millions of years and oxygen isotope curves (after Shackleton, 1995) on the left, next the 
fossiliferous sites and their suggested ages indicated by line. Symbol: circle - Middle Pleistocene; square – 
Late Pleistocene – Early Holocene.  
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Fig. 67 – The variation in size in Bos primigenius, as indicated by the length of the upper third molar. Age in 
millions of years and oxygen isotope curves (after Shackleton, 1995) on the left, next the fossiliferous sites 
and their suggested ages indicated by line. Symbol: circle - Middle Pleistocene; square – Late Pleistocene – 
Early Holocene.  
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Fig. 68 – The variation in size in Bos primigenius, as indicated by the length of the lower first and second 
molar. Age in millions of years and oxygen isotope curves (after Shackleton, 1995) on the left, next the 
fossiliferous sites and their suggested ages indicated by line. Symbol: circle - Middle Pleistocene; square – 
Late Pleistocene – Early Holocene. 
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Fig. 69 – The variation in size in Bos primigenius, as indicated by the length of the lower third molar. Age in 
millions of years and oxygen isotope curves (after Shackleton, 1995) on the left, next the fossiliferous sites 
and their suggested ages indicated by line. Symbol: circle - Middle Pleistocene; square – Late Pleistocene – 
Early Holocene.  
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Fig. 70 – a: boxplot of M1 length from the late Middle-Late Pleistocene sites grouped for chronology (MIS); b:  
boxplot of M2 length from the late Middle-Late Pleistocene sites grouped for chronology (MIS) (see Tab. 57-
58).  
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Fig. 71 - Boxplot of M3 length from the late Middle-Late Pleistocene sites grouped for chronology (MIS) (see 
Tab. 57-58).  
 
 

Age p-value 
M1 M2 M3 

MIS 1 0.00 0.09 0.00 
MIS 3 0.00 0.00 0.00 
MIS 4 0.00 0.00 0.00 
MIS 5 0.00 0.00 0.00 
MIS 7-5 0.00 0.57 0.00 
MIS 9-8 0.05 0.00 0.00 

 
Tab. 61 – Upper teeth p-value of the linear model with corner point parameterization testing the null hypothesis 
of no-differences between the mean of the populations from sites chronologically referred to MIS 2 and the 

other samples (p-value > 0.05). For the chronology see tab. 57-58. 
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Fig. 72 – a: boxplot of M1 length from the late Middle-Late Pleistocene sites grouped for chronology (MIS); b: 
boxplot of M2 length from the late Middle-Late Pleistocene sites grouped for chronology (MIS) (see Tab. 59-
60).  
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Fig. 73 - Boxplot of M2 length from the late Middle-Late Pleistocene sites grouped for chronology (MIS) (see 
Tab. 59-60).  
 
 

Age p-value 
M1 M2 M3 

MIS 1 0.06 0.00 0.00 
MIS 3 0.00 0.00 0.00 
MIS 4 0.54 0.66 0.00 
MIS 5 0.11 0.37 0.04 
MIS 7-5 0.09 0.64 0.00 
MIS 9-8 0.07 0.31 0.00 

 
 
Tab. 62 – Upper teeth p-value of the linear model with corner point parameterization testing the null hypothesis 

of no-differences between the mean of the populations from sites chronologically referred to MIS 2 and the 

other samples (p-value > 0.05). For the chronology see tab. 59-60. 
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Finally, the ratio of L/W of the upper and lower molars during the late Middle-Late 

Pleistocene would seem to suggest changes in growth (Tab. 63). In fact, a general trend 

affects the molars, which means a continuous enlargement of the teeth from MIS 9 to MIS 

1 (Tab. 63). The Bovinae was included in the ecological categories of grazers (75% of diet 

is represented by grasses), browsers (reduced amount of grasses) or mixed-feeders (25% 

- 75% of grass) (see Masini et al., 2012 for discussion). The ever increasing of the width of 

the upper and lower molars during the Late Pleistocene took place during to the global 

climatic cooler trend culminating to the Last Glacial stage at the end of Late Pleistocene 

(MIS 2). The climatic changes produced an increased of open environment in southern Italy, 

mainly represented by grass-dominated meadows (Petrucci et al., 2005; Renault-Miskovsky 

et al., 2011; 2015; Gatta et al., 2016; Berto et al., 2017). Therefore, the continuous 

enlargement of the molars in the aurochs could match to arrangement to the different 

environmental condition during the Last Glacial.  

Sito Age Reference M1 M2 M3 M1 M2 M3 
Melpignano MIS 9-8 This work 1.16 1.10 1.22 1.75 1.92 2.88 
San Sidero MIS 9-8 This work 1.31   1.73   

Grotta delle 3 Porte MIS 7-5 This work 1.10 1.23 1.10 1.85 2.04 3.00 
Avetrana bed 2-7 MIS 7-5 This work 1.26 1.32 1.28 1.64 1.85 2.70 
Grotta Uluzzo C -IV MIS 7-5 This work  1.38  1.51   

Grotta Mario Bernardini - IV MIS 5 This work 1.15  1.23 1.59 1.73 2.52 
Castellaneta MIS 5 This work 1.21 1.29 1.29 1.65 1.96 2.68 
Grotta dei Ladroni MIS 5 This work 1.37      

Ingarano MIS 5 This work  1.31 1.32    

Grotta Mario Bernardini - III MIS 4 This work  1.13 1.19    

Grotta dei Giganti MIS 4 This work 1.48 1.45  1.82 2.12 2.47 
Grotta Santa Croce MIS 4 This work 1.52  1.48  1.94  

Grotta Zinzulusa - B6 MIS 4 This work 1.41 1.34  1.54 1.75 2.45 
Grotta Laceduzza MIS 4 This work   1.26 1.66  2.78 
Grotta Uluzzo C - III MIS 4 This work 1.13 1.27 1.27 1.66 1.91 2.52 
Avetrana bed 8 MIS 3 This work 1.17 1.25 1.32 1.64 1.84 2.58 
Cava Spagnulo MIS 3 This work 1.08   1.62 1.62 2.73 
Grotta Zinzulusa - B5-3 MIS 2 This work  1.33   1.86  

Cardamone MIS 2 This work 1.21 1.28 1.31 1.63 1.74 2.55 
Fondo Focone MIS 2 This work 1.24 1.27 1.31 1.64 1.91  

SMA - Esterno Gravettiano MIS 2 This work 1.30 1.27  1.46 1.64 2.57 
SMA - Esterno Epigravettiano MIS 2 This work 1.32   1.58 1.80 2.57 
Grotta delle Jena MIS 1 This work     1.82 2.53 
Grotta Romanelli MIS 1 This work 1.13 1.24   1.66 1.79 2.39 

Tab. 63 – Ratio length/width of the upper and lower molars of Bos primigenius from Middel-Late Pleistocene 
sites of Apulia. 
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6.5 Cervidae  
 
6.5.1 Cervus elaphus 
 
Extant red deer populations from the west Eurasian are generally assigned to the species 

Cervus elaphus, whereas six subspecies are recognized (C. e. elaphus from Europe) 

(Wilson & Mittermeier, 2011). The first European red deer, C. elaphus acoronathus, lacked 

a crown, as in the case of the extant Asian and North American subspecies. This taxon 

appears in Italy at the Slivia F.U., corresponding to the end of Epivillanfranchian Mammal 

ages (late Early Pleistocene), to become a common elements during the Galerian (Di 

Stefano et al., 2015). However, based on the European fossil sample, several species or 

subspecies of C. elaphus have been instituted (see van der Made et al. 2013 for discussion). 

For example, in Italy C. elaphus rianensis Leonardi & Petronio, 1976 (type locality Riano, 

Latium), C. elaphus aretinus Azzaroli, 1948 and C. elaphus eostephanoceros Di Stefano & 

Petronio, 1993 (type locality Cava Nera Molinario) have been identified from the Middle 

Pleistocene localities. Probably, the occurrence of modern red deer is from the beginning of 

the Late Pleistocene (Di Stefano et al., 2015). The taxonomy of the red deer is mainly based 

on crown in the antlers, lacking easy to use and reliable diagnostic characters for the 

recognition of subspecies (van der Made et al. 2013). Therefore, failing of antler remains, 

the fossil sample are here referred to C. elaphus (=C. elaphus ssp.).  

Recently, the body size fluctuations of lower third molar and first phalange during the Middle-

Late Pleistocene of Europe have been investigated (van der Made et al. 2013). The authors 

suggested that the earliest forms had large size and acoronate antlers.  

Recently, Di Stefano et al. (2015) studied the body size variability during the Late 

Pleistocene from fossil sample of the Italian Peninsula sites. Their results demonstrated that 

the samples from the Northern increase in size through the Late Pleistocene, with largest 

body size in the samples from Last Glacial (MIS 2). In addition, the Northern sample is larger 

than those contemporary from central and southern Italy.  

Hence, size variation of the upper and lower molar teeth of Cervus elaphus from Apulia 

during the late Middle Pleistocene has been tested (Fig. 74-78, Tab. 64-65). Upper and 

lower molars show a high variability wherein no patterns can be revealed, excepted for lower 

third molar. Indeed, the statistical analysis highlighted an increase of dimension of the lower 

third molar during the Last Glacial (MIS 2) (Fig. 78, Tab. 65). This result is in harmony with 

the trend proposed by Di Stefano et al. (2015).  
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Sito Reference Abbrevations Age 
Grotta di Capelvenere This work GCv MIS 9-8 
Melpignano This work Mel MIS 9-8 
San Sidero This work SS MIS 9-8 
Avetrana 7-2 This work Ave -7-2 MIS 7-5 
Grotta delle 3 Porte This work GTP MIS 7-5 
Vieste Di Stefano & DI Canzio (2003) Vie MIS 7-5 
Grotta del Cavallo - HI Sarti et al. (2002)  GCa - HI MIS 5 
Grotta Mario Bernardini - IV This work GMB - IV MIS 5 
Ingarano This work Ing MIS 5 
Grotta dei Giganti This work GGi MIS 4 
Grotta Mario Bernardini - III This work GMB - III MIS 4 
Grotta Uluzzo C- III This work GUC - III MIS 4 
Avetrana 8 This work Ave - 8 MIS 3 
Cava Spagnulo This work CS MIS 3 
Fondo Cattìe Corridi (1987) FCa MIS 3 
Grotta del Cavallo - F Sarti et al. (1998)  GCa - F MIS 3 
Grotta Mario Bernardini - II This work GMB - II MIS 3 
Grotta Uluzzo C- II This work GUC - II MIS 3 
Fondo Focone This work FFo MIS 2 
Grotta Paglicci Boscato (1994) GPa MIS 2 
Grotta Zinzulusa This work GZi MIS 2 
Grotta Romanelli This work GRo MIS 1 

 
Tab. 64 –Fossiliferous localities and their chronology considered in the study of Cervus elaphus 
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Fig. 74 – The variation in size in Cervus elaphus, as indicated by the length of the upper first and second 
molar. Age in millions of years and oxygen isotope curves (after Shackleton, 1995) on the left, next the 
fossiliferous sites and their suggested ages indicated by line. Symbol: circle - Middle Pleistocene; square – 
Late Pleistocene – Early Holocene.  
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Fig. 75 – The variation in size in Cervus elaphus, as indicated by the length of the upper third molar. Age in 
millions of years and oxygen isotope curves (after Shackleton, 1995) on the left, next the fossiliferous sites 
and their suggested ages indicated by line. Symbol: circle - Middle Pleistocene; square – Late Pleistocene – 
Early Holocene.  
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Fig. 76 – The variation in size in Cervus elaphus, as indicated by the length of the lower first and second molar. 
Age in millions of years and oxygen isotope curves (after Shackleton, 1995) on the left, next the fossiliferous 
sites and their suggested ages indicated by line. Symbol: circle - Middle Pleistocene; square – Late Pleistocene 
– Early Holocene.  
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Fig. 77 – The variation in size in Cervus elaphus, as indicated by the length of the lower third molar. Age in 
millions of years and oxygen isotope curves (after Shackleton, 1995) on the left, next the fossiliferous sites 
and their suggested ages indicated by line. Symbol: circle - Middle Pleistocene; square – Late Pleistocene – 
Early Holocene.  
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Fig. 78 - Boxplot of M3 length of C. elaphus from the late Middle to Late Pleistocene sites grouped for 

chronology (MIS) (see Tab. 64).  
 
 

Age M3 p-value 
MIS 1 0.00 
MIS 3 0.00 
MIS 4 0.00 
MIS 5 0.00 
MIS 7-5 0.06 
MIS 9-8 0.00 

 
 
Tab. 65 – Upper teeth p-value of the linear model with corner point parameterization testing the null hypothesis 
of no-differences between the mean of the populations from sites chronologically referred to MIS 2 and the 

other samples (p-value > 0.05). For the chronology see Tab. 64. 
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6.5.1 Dama clactoniana – Dama dama 
 
The fallow deer (Dama dama spp.) is a widely diffused mammal species and today 

comprises the European Dama dama dama and near East Dama dama mesopotamica. 

Nevertheless, the evolutionary lineage of the extant fallow deer has been poorly investigated 

and its taxonomy is still unclear. The species and/or subspecies from European Pleistocene 

fossil record has been instituted mainly on the morphology of the antler. As a matter of fact, 

it is very difficult distinguish morphologically the species (or subspecies) of fallow deer when 

the fossil remains are poor and/or fragmentary (Di Stefano & Petronio, 1997). However, 

many specimens from the Pliocene to Early Pleistocene sites of Europe have been referred 

by Azzaroli (1992) to Pseudodama, genus characterized by unpalmated three- or four-point 

antlers. During the Middle Pleistocene (MIS 11), the first palmated antlers species appeared, 

as the form Dama clactoniana (Leonardi & Petronio, 1976; Lister et al., 2010; Breda & Lister, 

2013). Recently, a new species of fallow deer was instituted based on the fossil sample from 

the early Middle Pleistocene site (ca 700 ka) of Pakefield (Suffolk, England) (Breda & Lister, 

2013). This species shared some features with both D. clactoniana and D. dama, as the 

position and orientation of the basal tine, together with dental characters and mandibular 

morphology (see Breda & Lister, 2013 for discussion). Nevertheless, other features differed 

from those of the both fossil fallow deer species, especially the lack of second (and third) 

tines in an adult specimen. This morphology of the antler represents an archaic character, 

shared with the last representatives of Pseudodama. By the start of the late Middle 

Pleistocene (0.20 Ma; MIS 7), based on morphology of antler of the fossil material from 

several Italian localities a fallow deer subspecies, D. dama tiberina, has been proposed (Di 

Stefano & Petronio, 1997). Nevertheless, the revision of some historical outcrops of Middle 

Pleistocene deposits of Rome has been carried out and these deposits have been correlated 

to that of the Aurelian formation PG6 sequence (355-285 kyr) (Palombo et al., 2004). In this 

scenario, the first occurrence of D. dama tiberina is from several fossiliferous sites of Rome 

chronologically referred to MIS 9 and it is coeval with the Clacton fallow deer (Palombo et 

al., 2004).   

The fossil remains of fallow deer here considered have been attributed to three different 

species: D. cf. roberti, D. clactoniana and D. dama.  

The first species has been identified from the early Middle Pleistocene site of the Contrada  

Monticelli (Stefanelli et al., 2019). The sample includes 12 specimens, among 9 craniodental 

remains, but unfortunately no antlers have been found. Of considerable interest is the 

presence of some plesiomorphic characters within the group Pseudodama-Dama and 
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shared with the genus Cervus, evidencing a progressive and gradual differentiation of Dama 

from Cervus, in agreement with the previous studies (Breda et al., 2015). The recognition of 

the species Dama cf. roberti at Contrada Monticelli represents the southernmost evidence 

of this species in Italy.  

The second taxon, the Clacton fallow deer (D. clactoniana), has been identified from the late 

Middle Pleistocene sites of Mepignano and San Sidero, and from the level I of Grotta 

Romanelli (Dama cfr. clactoniana). The sample possesses some craniodental features 

clearly related to Dama clactoniana (e.g., posterior tine on beam, long and flat 

neurocranium, small peduncles, both entostylids and anterior cingula in the lower molars) 

(Fig. 78), whereas others shared between D. dama and D. clactoniana (e.g., strong 

molarization of P4 and the enamel thickness). In particular, the antler MPSD296 is 

morphologically very similar to those from basal gravel and lower loam from Swanscombe 

(England) (plate II – III in Leonardi & Petronio, 1976).  

 

a b  
Fig. 79 – a: left antler of Dama clactoniana from Melpignano (MPSD296); b –right antler of Dama cf. 

clactoniana from level I of Grotta Romanelli (RR250). Scale bar: 5 cm. 

The last specie, D. dama, has been found from several late Middle and Late Pleistocene 

sites (Tab. 66). This taxon possesses several antler and craniodental features differing from 

those of both D. roberti and D. clactoniana, such as the wider palmation and small posterior 

tines in the antler, single supraorbital foramen and the skull roof is not elongated posteriorly 
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in the cranium and the anterior edge of the ascending ramus is straight and concave and 

the angular process is well-developed (Breda & Lister, 2013; Breda et al., 2015) 

Finally, size variation of the upper and lower molar teeth of Dama from Apulia during the 

late Middle to Late Pleistocene has been investigated (Fig. 80-83). Upper and lower molars 

show a high variability wherein medium-size can be revealed for the sample of  

D. clactoniana from Melpignano. Instead, the teeth of D. dama from the late Middle 

Pleistocene are smaller than those from the Late Pleistocene, especially in the lower molars 

(Fig. 80-83). In order to test the size variability of the lower third molar, statistical analysis 

has been performed (Fig. 84, Tab. 67). The results demonstrated that D. clactoniana differs 

from the extant D. dama dama and from the sample of D. dama chronologically referred to 

MIS 7-5.  

 

Species Sito Abbrevations Reference Age 

Dama cf. clactoniana Grotta di Capelvenere GCv This work MIS 9-8 

Dama clactoniana Melpignano Mel This work MIS 9-8 

Dama clactoniana San Sidero SS This work MIS 9-8 

Dama cf. clactoniana Grotta Romanelli - I GRo - I This work MIS 8 

Dama dama Grotta Romanelli - G GRo - G This work MIS 7-6 

Dama dama Avetrana 7-2 Ave -7-2 This work MIS 7-5 

Dama dama Grotta delle 3 Porte GTP This work MIS 7-5 

Dama dama Grotta delle Striare GSt This work MIS 7-5 

Dama dama Grotta Mario Bernardini - VI GMB - VI This work MIS 7-5 

Dama dama Vieste Vie DI Stefano & Di Canzio (2004) MIS 7-5 

Dama dama Grotta del Cavallo -HI Gca - HI Sarti et al. (2002)  MIS 5 

Dama dama Grotta Mario Bernardini - IV GMB - IV This work MIS 5 

Dama dama Ingarano Ing This work MIS 5 

Dama dama Grotta dei Ladroni GLa This work MIS 5 

Dama dama Grotta dei Giganti GGi This work MIS 4 

Dama dama Grotta B di Spagnoli GBS Sala (1978) MIS 4 

Dama dama Grotta Zinzulusa - B6 GZi - B6 This work MIS 4 

Dama dama Grotta Mario Bernardini - III GMB - III This work MIS 4 

Dama dama Grotta Uluzzo C- III GUC - III This work MIS 4 

Dama dama Avetrana 8 Ave - 8 This work MIS 3 

Dama dama Fondo Cattìe Fca Corridi (1987) MIS 3 

Dama dama Grotta del Cavallo - F Gca - F Sarti et al. (1998)  MIS 3 

Dama dama Grotta Mario Bernardini - II GMB - II This work MIS 3 

Dama dama Grotta Uluzzo C- II GUC - II This work MIS 3 

Dama dama dama Extant Extant This work  
 

Tab. 66 –Fossiliferous localities considered in the study of Dama 
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Fig. 80 – The variation in size in genus Dama as indicated by the length of the upper first (a) and second (b) 
molar. Age in millions of years and oxygen isotope curves (after Shackleton, 1995) on the left, next the 
fossiliferous sites and their suggested ages indicated by line. Symbol: circle - Middle Pleistocene; square – 
Late Pleistocene – Early Holocene. Color: grey – Dama clactoniana; black – Dama dama.  
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Fig. 81 – The variation in size in genus Dama as indicated by the length of the upper third molar. Age in millions 
of years and oxygen isotope curves (after Shackleton, 1995) on the left, next the fossiliferous sites and their 
suggested ages indicated by line. Symbol: circle - Middle Pleistocene; square – Late Pleistocene – Early 
Holocene. Color: grey – Dama clactoniana; black – Dama dama.  
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Fig. 82 – The variation in size in genus Dama as indicated by the length of the lower first (a) and second (b) 
molar. Age in millions of years and oxygen isotope curves (after Shackleton, 1995) on the left, next the 
fossiliferous sites and their suggested ages indicated by line. Symbol: circle - Middle Pleistocene; square – 
Late Pleistocene – Early Holocene. Color: grey – Dama clactoniana; black – Dama dama.  
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Fig. 83 – The variation in size in genus Dama as indicated by the length of the lower third molar. Age in millions 
of years and oxygen isotope curves (after Shackleton, 1995) on the left, next the fossiliferous sites and their 
suggested ages indicated by line. Symbol: circle - Middle Pleistocene; square – Late Pleistocene – Early 
Holocene. Color: grey – Dama clactoniana; black – Dama dama.  
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Fig. 84 - Boxplot of M3 length from the late Middle-Late Pleistocene sites grouped for chronology (MIS) (see 
Tab. 65).  
 
 
 

Species Age M3 p-value 
D. dama dama Extant  0.00 

D. dama  

MIS 3 0.60 
MIS 4 0.98 
MIS 5 0.82 

MIS 7-5 0.00 
 

Tab. 67 – Lower third molar p-value of the linear model with corner point parameterization testing the null 

hypothesis of no-differences between the mean of the populations of Dama clactoniana from sites 

chronologically referred to MIS 9-8 and the sample of extant Dama dama dama and fossil sample of Dama 

dama from sites chronologically referred to MIS 7-3 (p-value > 0.05). For the chronology see tab. 65. 
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6.6 Canidae  
 
6.6.1 Canis mosbachensis 
 
The original description of C. mosbachensis Soergel, 1925 is based on a mandible fragment 

with a complete P4. The incomplete status of the type specimen generated confusion in 

scholars to identify diagnostic characters for this taxon (Musil, 1972) which triggered a long 

and complex debate about the taxonomical status of this canid. Several authors (Soergel, 

1925; Musil, 1972; Sotnikova, 2001; Tedford et al., 2009; Baryshinokov, 2012; Ghezzo et 

al., 2014) regarded C. mosbachensis as a distinct species, whereas others (Bonifay, 1971; 

Pons- Moyà, 1981; Argant, 1991; Brugal & Boudadi-Maligne, 2011) suggested it is an 

advanced form of Canis etruscus Forsyth Major, 1877 (Bonifay, 1971; Agustí et al., 1986) 

or an ancestral form of Canis lupus (Thenius, 1954; Adam, 1959; Schutt, 1974; Kurtén & 

Poulianos, 1977; Pons-Moyà, 1987; Alcalà & Morales, 1989). Moreover, others suggested 

that the Mosbach wolves can be considered instead as a distinct form linked to modern 

jackals (Rook & Torre, 1996; Garrido & Arribas, 2008). Despite this long debate, there is a 

general consensus in considering C. mosbachensis as the ancestor of C. lupus (Torre, 1967; 

Sotnikova, 2001; Sotnikova & Rook, 2010; Sardella et al., 2014 among others). Canis 

mosbachensis became a common element of the carnivoran guild during the late Early 

Pleistocene and the Middle Pleistocene (e.g., Sotnikova, 2001; Martínez- Navarro et al., 

2009; Petrucci et al., 2013; Bartolini Lucenti et al., 2017). Its first occurrence in the Italian 

fossil record is reported from the Early Pleistocene site of Pirro Nord (Pavia et al., 2012; 

Petrucci et al., 2013). This canid occurs in several Early and Middle Pleistocene sites 

(Petrucci et al., 2013; Bertè, 2014; Ghezzo et al., 2014) until the first appearance of Canis 

lupus, that is the bioevent selected to define the beginning of the Aurelian Mammal Age of 

the Italian large mammal biochronological scale (Gliozzi et al., 1997). The morphological 

study and statistical analysis of the sample from Cerè Cave, the largest fossil sample of this 

species, allowed to demonstrate that the intraspecific variability of this taxon is entirely 

comparable to that of extant C. lupus (Ghezzo et al., 2014). According to Bergmann’s 

ecogeographical rule, the Mosbach wolf (as many terrestrial mammals with wide 

geographical distribution) shows a clinal gradient. In particular, the Early and Middle 

Pleistocene northern populations (e.g., Untermassfeld and Mosbach) are constituted by 

larger individuals than all the coeval southern populations (e.g., Venta Micena, L’Escale and 

Petralona) (Brugal & Boudadi-Maligne, 2011; Bertè, 2014). This clinal variation is similar to 

that observed both in extant and fossil populations of C. lupus (Macdonald & Sillero-Zubiri, 

2004; Brugal & Boudadi- Maligne, 2011). In general, the Late Pleistocene Grey wolf is larger 
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and stouter than the Middle Pleistocene ones (Flower & Schreve, 2014). Conversely, late 

Middle Pleistocene early Canis lupus, such as the relatively small and slender C. lupus 

lunellensis Bonifay, 1971 from Lunel Viel (France) (Brugal & Boudadi-Maligne, 2011; 

Sansalone et al., 2015), overlaps the size and morphology of the Mosbach wolf. The main 

characters proposed in literature to distinguish C. lupus from C. mosbachensis are located 

in the cranium. These include the muzzle rostrocaudally longer and narrower at the level of 

the canine alveoli. The Mosbach wolf shows long nasals ending beyond maxillofrontal 

suture, straight in lateral view. It differs from modern wolves for its flattened frontals, less 

elevated over the rostrum. Regarding dental morphology, the Mosbach wolf shows a 

relatively longer tooth row, less curved at the P3-P4 junction, with mesiodistally more 

elongated and narrower premolars than in the Grey wolf (Fig. 85, Tab. 68). The upper 

carnassial differs from that of C. lupus for a prominent protocone located slightly mesially 

and a strong lingual cingulum, whereas the upper first molar has a deeper and larger 

hypocone basin and a more developed and continuous labial cingulum. Finally, C. 

mosbachensis shows a larger upper second molar than C. lupus.  
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Fig. 85 - (Color online) Craniodental morphological features in normalized crania of: a) extant Canis lupus 
Linnaeus, 1758; b) Canis lupus Linnaeus, 1758 from Grotta Romanelli, Italy (Sardella et al., 2014); c) Canis 
lupus lunellensis Bonifay, 1971 from Lunel Viel, France (Bonifay, 1971); d) Canis mosbachensis Soergel, 1925 
from Cerè Cave, Italy (Ghezzo et al., 2014); e) Canis mosbachensis Soergel, 1925 from Cueva Victoria, Spain 
(Bartolini Lucenti et al., 2017); f) Canis mosbachensis Soergel, 1925 from Untermassfeld, Germany 
(Sotnikova, 2001). Left column: left lateral view; right column: occlusal view. See Tab. 66 for the description of 
characters.  
 
 
 

Characters Canis mosbachensis Canis lupus Author 

1 Frontals Flat and less elevated 
above the rostrum 

Rounded and elevated 
above the rostrum Sotnikova, 2001 

2 Nasals End beyond the maxillofrontal 
sutura  

End before the maxillofrontal 
suture  

Tedford et al., 2009; 
Bartolini Lucenti et al., 
2017 

3 Anterior palatine 
foramina 

Short, posterior border lies at or 
anterior to posterior end of 

canine 
alveolus 

Long, posterior border lies 
posterior to canine alveolus Tedford et al., 2009 

4 Palate width at P1 Narrow Wide Tedford et al., 2009 

5 Toothrow 
Long and less curved in junction 

of 
P3 - P1 

Short and curved in junction of 
P3 - P4 Sotnikova, 2001 

6 Premolars Elongated anteroposteriorly 
and narrower Wide Sotnikova, 2001 

7 P4 protocone Prominent and located 
slightly anteriorly Less prominent Sotnikova, 2001 

8 P4 lingual 
cingulum Large Small Sotnikova, 2001 

9 M1 parastyle Subdued but remains united with 
preparacrista 

Preparacrista directed more 
anteriorly, lingual to parastyle Tedford et al., 2009 

10 M1 hypocone 
basin Deep and large Small Sotnikova, 2001 

11 M1 labial 
cingulum Well developed and continuous Subdued and often incomplete 

across paracone 
Sotnikova, 2001 
Tedford et al., 2009 

12 M2 Large Small Sotnikova, 2001 

Tab. 68 - Diagnostic features of Canis lupus Soergel, 1925 and Canis mosbachensis Linnaeus, 1758 from the 
literature. 
 
 
The possible presence in southern Italy of a persistence niche of a faunal association 

including typical taxa of the Middle Pleistocene such as the Early-Middle Pleistocene small-

sized wolf Canis mosbachensis Sorgel, 1925 during the earliest Late Pleistocene was the 

major matter for debate (Masini et al., 1991; Sala et al., 1992). Other specialists also 

highlighted the uncertainty of the taxonomical attribution of the canids remains from these 

deposits (De Giuli, 1983; Bologna et al., 1994). 

However, the Mosbach wolf was reported from the early Middle Pleistocene site of Contrada 

Monticelli (Mazza & Varola, 1999). Recently, the poor preserved cranium QF28 was 

described by Mecozzi et al. (2017) (Fig. 87). Only the palate and the basicranium are 

preserved, whereas the whole dorsal portion as well as the zygomatic arches are missing. 

The bones of the ventral part are strongly fragmented and partially embedded in a brown-
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reddish limestone (Fig. 85). The caudoventral portion is strongly damaged. Despite both the 

tympanic bullae are broken, in section they appear to be rounded and expanded.  

 

 
Fig. 86 - (Color online) Canis mosbachensis Soergel, 1925 (QF28) from Contrada Monticelli (Apulia, southern 

Italy) in: a) occlusal, b) left lateral and c) right lateral views. Scale bar corresponds to 5 cm. 

 
The palate is narrow and elongated, the upper teeth are missing except for the left M1-M2 

and right P4-M2. The upper toothrow is long, with the alveoli of the canine, the P1 and the P2 

that lie on the same axis. The latter is less curved in correspondence of the P3-P4 junction 

and shows a more abrupt angle between P2-P3. All the alveoli are filled by the sediment with 

the exception of the left P4 whose broken roots are still in situ (Fig. 86). The anterior palatine 

foramina are elongated and their caudal border extends to the caudal edge of the canine 

alveolus. In occlusal view, P4 has a well-developed protocone, the paracone is high and 

stout with slightly worn apex, whereas in lateral view the paracone is mesially inclined.  



219  

M1 has a well-defined labial cingulum, the paracone is larger than the metacone, the 

protocone, the metaconule and the hypocone are well evident and the basin of the tooth is 

deep. M2 is relatively large, in occlusal view it is sub-rectangular shaped with four evident 

cusps (paracone, metacone, protocone and metaconule). In all the teeth, the enamel is 

crossed by several narrow fracture lines and some small fragments are missing.  

The sexual dimorphism in the genus Canis is often quite modest, but males generally have 

larger body size, a more pronounced sagittal crest, longer muzzle and wider frontal bones 

than females (Boitani et al., 2003). Due to the bad state of preservation and the lack of the 

whole dorsal portion of the cranium, these characters are not observable, therefore it was 

not possible to define the sex of the specimen from Contrada Monticelli. Despite the small 

size, the teeth are permanent and show a slight wear of the cusps, indicating an adult but 

not an old individual. Unfortunately, other diagnostic features (such as cranial suture 

closures) are unavailable.  

The study of the partially preserved cranium from Contrada Monticelli and its comparison 

with other Early- Middle Pleistocene Mosbach wolves from Italy and Europe, support the 

attribution to Canis mosbachensis proposed by Mazza & Varola (1999). The biometric 

comparison of QF28 with the European samples of Mosbach wolf shows very low values for 

the cranium length and especially for the teeth dimensions, so that the Contrada Monticelli 

specimen results as the smallest C. mosbachensis in the European fossil record. As claimed 

before, according to Brugal & Boudadi- Maligne (2011), the North European populations of 

C. mosbachensis from Unterssmasfeld and Mosbach, consist of individuals with body size 

larger than those reported from South European sites (Venta Micena, Cueva Victoria, 

L’Escale, Petralona, Apollonia, Pirro Nord), suggesting for this taxon a latitudinal cline. 

Among the southern forms, the Mosbach wolves from Contrada Monticelli and Loreto are 

the smallest, and this condition may support the cline hypothesis, though more data about 

the cranial and postcranial size variation would be required. Both Mosbach and anatomically 

modern wolves were widespread in Europe during late Middle Pleistocene. A possible 

sympatry between the two species has been hypothesized by some authors (De Giuli, 1983; 

Mazza et al., 1992; Bologna et al., 1994; Capasso Barbato & Gliozzi, 1995; Boscato, 2001), 

although the overlap of many morphological features and biometric values among the last 

representatives of C. mosbachensis and early C. lupus makes the distinction very complex 

(Sardella et al., 2014).  

However, the wide geographical distribution together with the uncertain age of some sites, 

do not allow defining a clear scenario for the evolution and dispersal of the “wolves” during 
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the Middle to Late Pleistocene to the extant forms. In the past many authors considered the 

Middle Pleistocene small wolves as a chrono-subspecies of Canis lupus (Thenius, 1954; 

Adam, 1959; Schutt, 1974; Kurtén & Poulianos, 1977; Pons-Moyà, 1987; Alcalá & Morales, 

1989), or a chrono-subspecies of the Early Pleistocene Etruscan wolf (Bonifay, 1971; Agustí 

et al., 1986). Recently many authors focused their studies on the description of new more 

complete fossil material and on the definition of the diagnostic characters (Boudadi- Maligne, 

2010; Berté, 2014; Cherin et al., 2014; Ghezzo et al., 2014; Sardella et al., 2014; Bartolini 

Lucenti & Rook, 2016; Bartolini Lucenti et al., 2017). In our opinion, most of these 

craniodental characters used to describe the “classic” C. mosbachensis (Tab. 68) could be 

less marked in some populations, due to geographical, chronological and intraspecific 

variability of C. mosbachensis as well as of the first “true wolves” (Tab. 67). As a matter of 

fact, the Mosbach wolf shares several morphological and biometrical features with the extant 

wolves, especially with the slender Indian C. lupus pallipes. This similarity, highlighted by 

several authors (Thenius, 1954; Sotnikova, 2001; Sardella et al., 2014), could be related to 

allometric development of the different craniodental portions as a result of ecological and 

environmental factors which have affected the body size (Milenković et al., 2010).  

In addition, the dental variation in these taxa is poorly known and it is not clear if a 

relationship between the dental size and the complexity of their structures exists, as 

demonstrated by Szuma (2002) in an extant population of red fox. Finally, it is worth nothing 

that all the considered diagnostic features are relative to craniodental and mandibular 

characters, and in general no postcranial elements have been considered for this purpose 

(see Brugal & Boudadi-Maligne [2011] for a discussion). Therefore, more efforts are required 

to recognize characters affected by morphological and morphometric variation due to body 

size, and to distinguish these characters from those of diagnostic value. At the same time, 

extending the analysis to limb bones and other postcranial element is needed.  

Finally, in order to test the teeth size variability of canid taxa during the Middle-Late 

Pleistocene, statistical analysis has been performed.  

The dental anatomical traits have not a normal distribution. For this reason, we performed a 

non-parametric statistical analysis. The biometric comparison was performed taking into 

account a large dataset of Italian fossil and extant canids, including the Early-Middle 

Pleistocene small-sized C. mosbachensis, slender C. lupus from late Middle-Late 

Pleistocene, robust C. lupus from late Middle-Late Pleistocene and the extant subspecies 

of Italian wolf (Tab. 68). The p-values of the Wilcoxon test were calculated using a bootstrap 

procedure. In the comparison between C. mosbachensis and slender C. lupus, we found no 
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differences in the upper teeth traits considered (Fig. 87; Tab. 70). C. mosbachensis differs 

from the robust C. lupus for all the upper teeth expect for P2L, P2B, P3B, and M2B (Tab. 70). 

In the comparison between C. mosbachensis and C. lupus italicus we found differences in 

all upper teeth traits considered, excepted for the P2L, P2B, P3L, P3B and M2L (Tab. 70). In 

the comparison between slender and robust C. lupus, we found differences in CL, P4L, P4B, 

M1L and M1B. For what concerns the comparison between slender C. lupus - C. lupus 

italicus we found no differences except for CL, P4L, P4B and M1L traits (Tab. 70). Finally, 

the robust C. lupus differs from C. lupus italicus for all the dental traits except for M1L (Tab. 

70). 

 

Species Site Age Reference 

Canis 
mosbachensis 

Pirro Nord Early Pleistocene  Petrucci et al., 2013 
Cerè Middle Pleistocene Ghezzo et al., 2013; Bertè, 2014  

Soave  Middle Pleistocene Bertè, 2014 

Monticelli Middle Pleistocene Mecozzi et al., 2017 

Venosa Loreto Middle Pleistocene Mecozzi et al., 2017 

slender Canis 
lupus 

La Polledrara di Cecanibbio Middle Pleistocene  Anzidei et al., 1989 

Grotta Paglicci Late Pleistocene Boscato, 1994 

Grotta Romanelli Late Pleistocene Sardella et al., 2014 

Ingarano Late Pleistocene Bertè, 2014 

Melpignano Late Pleistocene Bertè, 2014 

Paglicci  Late Pleistocene Bertè, 2014 

San Sidero Late Pleistocene Bertè, 2014 

robust Canis lupus 

Avetrana Late Pleistocene Mecozzi & Bartolini Lucenti, 2018 

Broion Late Pleistocene Bertè, 2014 

Buca della Iena Late Pleistocene Pitti & Tozzi, 1971 

Buco del Frate Late Pleistocene Bertè, 2014 

Covoli di Velo Late Pleistocene Bertè, 2014 

Fondo Cattiè Late Pleistocene Corridi, 1987 
Grotta della Masseria del 

Monte Late Pleistocene Anelli, 1959 

Grotta di Sant’Agostino Late Pleistocene Tozzi, 1970 

Grotta Ladrenizza Late Pleistocene Bertè, 2014 

Grotta Mora Cavorso Late Pleistocene Salari et al., 2017 
Grotta Tina Late Pleistocene Martini et al., 1972 

Pocala Late Pleistocene Bertè, 2014 

Riparo Fumane Late Pleistocene Cassoli & Tagliacozzo, 1994 

Romagnano Late Pleistocene Bertè, 2014 

Sternatia Late Pleistocene Rustioni et al., 1994 
Canis. lupus 

italicus Italian Peninsula Extant Bertè, 2014 

Tab. 69 – Italian fossil canids from Early-Late Pleistocene localities and extant Italian wolf 
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Tab. 70 - Wilkoxon test, using a bootstrap procedure, performed between C. lupus italicus, C. mosbachensis 
and C. lupus species.  In bold, the values that are statistically significant. 

 

C. mosbachensis  - 
slender C. lupus   

C. mosbachensis - 
robust C. lupus   

C. mosbachensis -    
C. lupus italicus

 slender C. lupus - 
robust C. lupus

slender C. lupus -   
C. lupus italicus 

robust C. lupus -   
C. lupus italicus 

I3L 1.00 0.02 0.00 1.00 1.00 0.95

I3B 0.97 0.04 0.00 0.44 0.17 0.96

CL 0.98 0.00 0.00 0.01 0.01 0.96

CB 0.99 0.00 0.00 0.29 0.34 0.99

P2L 0.93 0.20 0.54 0.81 0.98 0.60

P2B 0.95 0.00 0.14 0.78 0.98 0.34

P3L 0.95 0.20 0.06 0.76 0.52 0.99

P3B 0.99 0.09 0.18 0.29 0.27 0.89

P4L 0.98 0.00 0.00 0.00 0.00 0.14

P4B 0.99 0.00 0.00 0.00 0.03 0.30

M1L 0.96 0.00 0.00 0.00 0.00 0.04
M1B 0.98 0.00 0.01 0.00 0.20 0.06

M2L 0.88 0.00 0.67 0.59 0.99 0.27
M2B 0.78 0.48 0.01 0.86 0.14 0.86

GroupDental 
variable
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Fig. 87 – Boxplot of the CxL, P4L, M1L and 2L dental traits. 
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6.6.2 Canis lupus  
 
The taxonomic attribution of the canid remains from Grotta Romanelli, Melpignano and San 

Sidero sites and other Late Pleistocene sites of southern Italy (e.g., Ingarano) was debated 

among scholars (Masini et alii, 1991; Sala et alii, 1992; Sardella et alii, 2014; Mecozzi & 

Bartolini Lucenti, 2018; among others). The canid remains from layer G of Grotta Romanelli 

are of special interest and due to their peculiar features had a pivotal role in this debate. 

Blanc (1920) referred skulls and other skeletal elements to Canis lupus and, tentatively, to 

the golden jackal Canis aureus and referred the same remains to the golden jackal in a 

palaeoenvironmental study (Blanc 1928).  

Later, different authors (Masini et al. 1990; Sala et al. 1992) discussed the taxonomy of the 

Melpignano, San Sidero and, most especially, Romanelli “wolf ” that, given their size and 

morphology, could be referred to the Early-Middle Pleistocene small-sized wolf Canis 

mosbachensis. Some authors have suggested that the supposed archaic nature of the 

vertebrate fauna from the “terre rosse” of Grotta Romanelli, Melpignano and San Sidero, 

and of the wolf in particular, might be explained by the occurrence in the Salentine peninsula 

of a refugium area during the Late Pleistocene (Di Stefano et al. 1994). The different 

interpretations were unresolved for decades, but, despite the key role played by the 

taxonomy of the canid from the “terre rosse”, no description and illustrations of the fossils 

were provided until Sardella et al. (2014). At that time, two crania, some hemimandibles and 

isolated teeth were studied and the peculiar features of the canid confirmed. The canid 

discovered by Blanc has a primitive set of characters and is medium-sized, but it fits within 

the huge variability of the extant Grey wolf, Canis lupus, and its features may be explained 

by referring it to a southern population of wolves, smaller and lighter than the northern robust 

and larger wolves (Sardella et al. 2014). Despite the generally primitive characters of the 

Romanelli canid, (such as slender muzzle with a short palatal area, tooth crowding, rounded 

neurocranium with a gently sloping forehead and low sagittal and nuchal crests, and reduced 

tympanic bullae) the biochronological significance of such features needs to be considered 

with caution and using a multidisciplinary approach. Moreover, Gliozzi et al. (1997) choose 

the first occurrence in Italy of Canis lupus, together with those of Megaloceros giganteus and 

Ursus spelaeus, as the bioevents that defined the beginning of the Aurelian Mammal Age 

during the late Middle Pleistocene. Therefore, an attribution to a medium-sized 

Mediterranean wolf is in accordance with a late Middle to Late Pleistocene age.  

The large sample from Melpignano (128 specimens) and from San Sidero (46 specimens) 

also shows clear morphological features ascribable to Canis lupus, such as reduced 
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protocone of P4 as well as the reduced lingual cingulum and the subdued and incomplete 

across the paracone labial cingulum of M1. According to Sardella et al. (2014), the canid 

remains of the late Aurelian of the Apulian Peninsula can be referred to C. lupus, therefore 

the presence of the Mosbach wolf from the fossiliferous deposit of the Apulian Peninsula 

chronologically referred to late Middle Pleistocene can be excluded.  

 

The long-time debate concerning the taxonomic attribution of the Early-Middle Pleistocene 

canids reflects the complexity of this issue and the lack of unambiguous diagnostic features 

to distinguish C. lupus from C. mosbachensis. Thereby, the comparison of the crania from 

the early Middle to Late Pleistocene of Italian Peninsula could add new details for taxonomy 

of European Pleistocene canids (Fig. 88; Tab. 71). 

Compared to Canis mosbachensis, the crania from Grotta Romanelli and Ingarano, besides 

the medium cranium sized, shares many morphological features with the Mosbach wolf, as 

the flat and less elevated frontals above the rostrum, reduced width palate at P1 and long 

and less curved tooth row in the junction of P3-P4 (Fig. 88).  

As observed in other carnivorans (Kitchener et al., 2010), several cranial features are related 

on an allometric development of the cranium. Consequently, large cranium possesses an 

overall stout morphology, with the marked and rounded frontals, the wide palate at P1 and 

short and more curved toothrow in the junction of P3-P4 (Fig. 88). These features are also 

noticeable on the robust C. lupus and extant Italian wolf (Fig. 88). Whereas at low rate, the 

slender fossil forms of C. lupus show frequently C. mosbachensis-like characters, testifying 

the close ancestor-descendant relationship. A fossil sample that truly represents this 

condition is from Grotta Romanelli (Sardella et al., 2014), where, albeit the canid remains 

were attribute to C. lupus, the authors highlighted some primitive characters as the 

advanced position of the postorbital constriction, the rounded shape of the braincase and 

the limited development of the sagittal and nuchal crests and the flat and less elevated 

frontals above the rostrum.  

Recently, Machado et al (2018) carried out a morphometric study on extant canid taxa 

demonstrating that the splancnocranium, the neurocranium and the zygomatic bones show 

well evident changes (Machado et al., 2018) and that these facial traits are more integrated 

among themselves. The author suggested that this variability can be explained with the 

allometry. Indeed, the larger correlations among facial traits and possibly to larger variances 

represents a main source of morphological variation in carnivores. Finally, canids possess 

a high capacity to change relative size of the muzzle, thus implies a high capacity to respond 
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to changing ecological conditions (e.g., such as availability of new food sources or 

interspecific competition for resources) (Valkenburgh & Wayne, 1994). Therefore, despite 

the different size between Mosbach wolf and Grey wolf, the overlapping of the several 

cranial features could reflect the adaptations to changing ecological conditions. 

According to Tedford et al. (2009) the length and position of the anterior palatine foramina 

is considered a valid character to discriminate C. mosbachensis form the Middle-Late 

Pleistocene and extant wolves. Jiangzuo et al. (2018) reported the large variability of this 

features in the sample of C. mosbachensis variabilis, whereas in 15 specimens the caudal 

border of the incisive foramina ended before of the mesial border of the canine alveolus, in 

10 specimens is slightly mesial to the canine alveolus and in 1 specimen reached the caudal 

border of the canine alveolus. Despite the large variability, the authors confirmed the valid 

of this character. On the contrary, in the crania from Cueva Victoria and Untermassfeld the 

caudal border of the incisive foramina extends to the midpoint of the canine alveolus, 

whereas in the splancnocrania from Cerè and Pirro Nord ends around to the caudal border 

of the canine alveolus. In the specimen referred to Canis mosbachensis from Ostiense, 

these foramina are elongated shape and their caudal border extends to the posterior edge 

of the canine alveolus. Thus, taking into account the huge variability of this features in the 

sample of C. mosbachensis, it should not be considered reliable for taxonomic purposes.  

Another diagnostic character, proposed in literature as distinctive between the Mosbach wolf 

and the Grey wolf, is the position of the protocone of P4, that Sotnikova (2001) and Tedford 

et al. (2009) indicate as prominent and anteriorly located in C. mosbachensis. In occlusal 

view, the upper carnassial of the studied material shows a less prominent protocone, 

resembling those reported for the Grey wolf fossil from Grotta Romanelli (Sardella et al., 

2014) and for the extant Italian wolf (Caloi et al., 1984). However, reduced protocone have 

been documented also in the largest Italian sample of Mosbach wolf from Cerè (Ghezzo et 

al., 2013; Bertè 2014). Recently, a revision of the fossil canids from Localities 1 and 13 of 

Zoukoudian (Beijing, China) was carried out and the remains have been attributed to Canis 

mosbachensis variabilis (Jangzuo et al., 2018). The authors reported a huge variability of 

the position of the protocone of P4, that in most of the sample is aligned with paracone, often 

located anteriorly, whereas only in few specimens is slightly posteriorly.   

In addition to the P4, considered the most diagnostic tooth among canids, we compared all 

the upper teeth (I3, Cx, P2, P3, M1, M2) of the considered specimens, evidencing a strong 

resemblance with the sample of C. lupus and C. mosbachensis. According to Sotinokova 

(2001), Boudadi-Maligne (2010), Ghezzo et al. (2013) and Mecozzi et al. (2017), the number 
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of the accessory cusps and of the buccal or lingual cingula are highly variable, therefore 

these features should not be considered for the taxonomic purposes. As suggested by the 

studies on extant canids like those on the East European red fox (Szuma, 2002, 2004, 

2008), the teeth morphology is highly variable mainly due to food resources, that represent 

one of the driving factors responsible for the geographical variation of the teeth shape in 

canids.  

Finally, in order to test the size variability of C. lupus from the late Middle to Late Pleistocene, 

the studied sample was compared to the late Middle to Late Pleistocene specimens from 

Europe. The Middle Pleistocene specimens of the Grey wolf are generally medium-sized, 

larger than Early-Middle Pleistocene C. mosbachensis and smaller than Late Pleistocene 

ones (Tab. 72). Moreover, the P4, the M1 and the M1 of C. lupus from Grotta Romaneli, 

Melpignano and San Sidero is closer to those from the French localities referred to Middle 

Pleistocene (Canis lupus lunellensis BONIFAY, 1971), and smaller than those from the Italian 

and French localities referred to Late Pleistocene (Tab. 72).  
 

Group Site Specimen 
number Age Reference TL CBL 

slenderer 
Canis lupus Vingone IGF4723 Middle-Late 

Pleistocene 
Del Campana 

(1910) 
 198.0 

slenderer 
Canis lupus 

Grotta 
Romanelli P3580 Late 

Pleistocene 
Sardella et al. 

(2014) 205.5 192.8 

robust Canis 
lupus 

Grotta 
Ladrenizza MGP26644 Late 

Pleistocene Bertè (2014) 258.0 225.0 

robust Canis 
lupus Pocala 

 Without 
catalogue 
number 

Late 
Pleistocene Fabiani (1919) 253.0 242.0 

robust Canis 
lupus 

Grotta 
Grimaldi 

 Without 
catalogue 
number 

Late 
Pleistocene Boule (1919) 257.0 235.0 

Extant C. l. 
italicus Italy   Extant Bertè (2014) 

244                 
(278.3 – 216.0) 

n=  134 

214,5             
(271.0 – 195.0) 

n= 123 
Tab. 71. – Total length (TL) and Condilobsal length (BL) measurements of selected canid cranium from the 

Middle-Late Pleistocene of the Italian Peninsula.  
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Fig. 88 –  Craniodental morphological features of selected extant and fossil canid specimens. The following 

numbers indicate the main morphological features proposed in literature (Sotnikova, 2001; Tedford et al., 2009; 

Bartolini Lucenti et al., 2017; Mecozzi et al., 2017) used to discriminate C. lupus and C. mosbachensis: 1: 

frontals; 2: nasals; 3: anterior palatina foramina; 4: palate width at P1; 5: toothrow; 6: premolars; 7: P4 

protocone; 8: M2. Scale bar: 5 cm. 
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Tab. 72 – Middle-Late Pleistocene canids from selected localities of France and Italian Peninsula. P4L - 

length of fourth premolar; M1L - Length of upper first molar; M1B – breadth of upper first molar; M1L - Length 

of lower first molar. 

 

 

 

 
 

 

 

 

 

Region Species Site Age Reference P4L M1L M1B M1L

slenderer Canis lupus
La Polledrara di 

Cacanibbio Middle Pleistocene Anzidei et al. (1989) 23

slenderer Canis lupus
Melpignano - Cava 

Bianco Middle Pleistocene This work
19,6                       

(25,8 - 17,5; n=11)
14,1                        

(14,3 - 14,0; n=5)
16,7                        

(17,6 - 15,5; n=5)
23,8                       

(25,8 - 21,6; n=3)

slenderer Canis lupus
Melpignano - Cava 

Nuzzo Middle Pleistocene This work
25,7                       

(26,0 - 25,5; n=2)

slenderer Canis lupus
Melpignano - Coll. 

Mirigliano Middle Pleistocene This work 22.2

slenderer Canis lupus San Sidero - Cava L Middle Pleistocene This work
22,1                       

(22,3 - 22,0; n=3)
15,0                       

(15,1 - 15,0; n=2)
18,9                       

(19,5 - 18,2; n=2)
23,3                       

(24,7 - 21,9; n=2)

slenderer Canis lupus San Sidero - Fissure 1 Late Pleistocene This work 25.4

slenderer Canis lupus San Sidero - Fissure 2 Late Pleistocene This work 23.6

slenderer Canis lupus Grotta Romanelli Late Pleistocene This work
22,1                      

(22,7 - 21,5; n=5)
13,9                      

(14,4-13,4; n=7)
17,0                      

(17,7 - 16,4; n=7)
23,9                      

(24,0 - 23,7; n=4)

robust Canis lupus Ingarano Late Pleistocene This work
23,5                       

(24,6 - 21,6; n=5)
14,4                       

(15,9 - 14,0; n=6)
18,1                       

(19,7 - 17,5; n=6)
25,4                       

(27,0 - 22,9; n=7)

robust Canis lupus Avetrana Late Pleistocene This work
23,0                      

(26,4 - 20,8; n=8)
16,0                     

(17,5 - 14,0; n=11)
19,5                      

(21,4 - 18,4; n=11)
27,9                       

(31,1 - 25,8; n=19)

robust Canis lupus Broion Late Pleistocene Bertè (2013)
24,9                        

(24,9 - 25,0; n=2)
15,9                        

(15,9 - 15,5; n=2)
18,8                        

(18,9 - 18,8; n=2)
30,2                     

(30,5 - 29,6; n=2)

robust Canis lupus Buco del Frate Late Pleistocene Bertè (2013)
26,1                        

(31,0 - 22,7; n=2)
16,9                        

(16,9-15,0; n=12)
21,9                        

(21,0 - 18,0; n=12)
28,4                        

(31,0 - 25,2; n=27)

robust Canis lupus Cardamone Late Pleistocene This work
24,7                       

(26,7 - 20,5; n=13)
15,6                       

(17,3 - 13,7; n=13)
18,5                      

(20,1 - 15,9; n=13)
28,2                       

(31,0 - 25,0; n=18)

robust Canis lupus Covoli di Veio Late Pleistocene Bertè (2013)
25,4                        

(25,4 - 20,1; n=2) 17.0 19.5

robust Canis lupus Grotta di Ladrenizza Late Pleistocene Bertè (2013)
23,9                        

(24,1 - 23,7; n=2)
15,2                        

(15,2 - 15,2; n=2)
18,1                        

(18,0 - 18,3; n=2)

robust Canis lupus Grotta della Jena Late Pleistocene This work
25,3                      

(25,4 - 25,3; n=2) 17.5 21.8
29,2                      

(29,3 - 29,2; n=2)

robust Canis lupus Grottadi Sant'Agostino Late Pleistocene Tozzi  (1970)
24,5                        

(26,0 - 23,0; n=2)
17,3                        

(18,0 - 17,0; n=3)
22,0                        

(23,0 - 21,0; n=3)
27,8                        

(30,0 - 25,7; n=5)

Canis lupus lunellensis Aven I de La Fage Middle Pleistocene Boudadi-Maligne (2010)
21,7                        

(22,8 - 20,5; n=3)
14,8                        

(15,4 - 14,4; n=3)
19,4                        

(20,3 - 18,7; n=3)
25,5                        

(26,7 - 24,3; n=7)

Canis lupus lunellensis Igue de Rameux Middle Pleistocene Boudadi-Maligne (2010)
23,1                        

(26,3 - 20,0; n=57)
15,1                        

(19,1 - 13,1; n=51)
19,7                        

(21,8 - 16,7; n=51)
25,4                        

(28,6 - 21,7; n=83)

Canis lupus lunellensis Lunel-Viel 1 Middle Pleistocene Boudadi-Maligne (2010)
22,6                        

(24,5 - 20,1; n=23)
14,4                        

(15,6 - 12,3; n=20)
19,2                        

(20,4 - 16,9; n=20)
25,0                        

(26,8 - 22,9; n=24)

Canis lupus santenaisiensis Coudoulous I Middle Pleistocene Boudadi-Maligne (2010)
23,2                        

(23,9 - 22,6; n=8)
14,5                        

(14,8 - 13,8; n=6)
19,7                        

(21,7 - 18,8; n=6)
26,0                        

(27,5 - 23,3; n=9)

Canis lupus santenaisiensis Aven de l’Arquet Late Pleistocene Boudadi-Maligne (2010)
26,4                        

(29,0 - 22,7; n=26)
16,3                        

(17,9 - 14,7; n=19)
21,4                        

(23,0 - 19,5; n=19)
28,2                        

(31,3 - 25,0; n=28)

Canis lupus maximus Grotte de Jaurens Late Pleistocene Boudadi-Maligne (2010)
27,8                        

(29,9 - 23,8; n=6)
16,6                        

(17,5 - 16,0; n=5)
21,9                        

(22,4 - 20,6; n=5)
29,6                        

(33,4 - 26,5; n=19)

Canis lupus maximus Igue du Gral Late Pleistocene Boudadi-Maligne (2010)
26,7                        

(29,0 - 23,5 ; n=10)
16,8                        

(18,4 - 15,6; n=12)
22,5                        

(24,1 - 20,8; n=12)
29,3                        

(32,0 - 27,3; n=10)

Canis lupus maximus Maldidier Late Pleistocene Boudadi-Maligne (2010)
28,6                        

(28,8 - 28,5; n=3)
16,2                        

(16,4 - 16,0; n=2)
21,9                        

(22,0 - 21,9; n=2)
30,3                        

(30,4 - 30,2; n=3)

French

Italy
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6.6.3. Canis lupus from Avetrana  

The sample of C. lupus from Avetrana was first described by Bertè & Pandolfi (2014). 

Recently, Mecozzi & Bartolini Lucenti (2018) studied the craniodental and postcranial 

remains and compared they with the variability of Middle to Late Pleistocene wolves across 

Europe. The aim of the work was to try to fill this knowledge gap with a review of the 

morphological and morphometric variability in the large sample of C. lupus of Avetrana bed 

8. This review took into consideration previously unpublished cranial, dentognatic and 

postcranial material recovered in this same level to provide new insights into the 

biochronology and palaeobiogeography of modern wolves during the Late Pleistocene of 

Italy and Europe.  

 

Description 

Upper teeth – The I3 is large and canine-like in general morphology. The P1 is single-cusped, 

oval in shape in occlusal view and pointed. The main cusps of P2 and P3 are rather low. 

Whereas the P2 does not possess any distal accessory cuspid, the P3 does have one. The 

P4 possesses a relatively stout protocone (Fig. 89), which is generally expanded lingually, 

although in AVE-07-01 it is not as expanded. The tip of the protocone is rather low and not 

pointed. It generally lies slightly mesially, compared to the mesial margin of the P4. The P4 

paracone is stout and the metastyle is long, with a groove on its buccal side. A strong 

cingulum is evident in the distolingual side of the tooth. The M1 possesses a considerably 

larger and higher paracone compared to the metacone (Fig. 89). This cusp is bounded by 

the buccal cingulum in way that, in the occlusal view, it shows a rounded shape. The buccal 

cingulum is not very prominent, except at level of the parastyle, which is rather conspicuous. 

The trigon basin is well developed, especially compared to the talon one, but no marked 

difference in depth is evident between them. A8-5 shows a small round pit in the trigon basin, 

most probably a caries. The M1 protocone is large-based and generally a prominent 

protoconule is present, although in A8-5, A8-39 and A8-65 it is rather reduced. Distally to 

the protocone is a short metaconule. The hypocone is rather low and poorly individualised 

from the lingual cingulum. The M2 is rather short, not very expanded lingually, and it 

possesses a paracone that is larger than the metacone (Fig. 89). The paracone is also 

slightly higher than the metacone, if observed in buccal view. The M2 protocone is rather 

large, and no metaconule is present.  

Mandible – Correct assessment of the features of the mandible corpus is difficult because 

of the state of preservation of the specimens. Nevertheless, we can see that the corpus is 
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rather deep dorsoventrally and elongated (Fig. 89). Two foramina are visible on the buccal 

surface: the larger mental foramen emerges under the interdental space between p1 and P2 

and the smaller one under the mesial root of P3. The toothrow is slightly buccally convex at 

the P4-M1 commissure.  

 

Fig. 89 – Canis lupus from Avetrana. 1: A8-25, right hemimandible in buccal (1a), lingual (1b) and occlusal 

(1c) views. 2: A8-28, left hemimandible in buccal (2a), lingual (2b) and occlusal (2c) views. 3: AND-17, right 

hemimandible in buccal (3a), lingual (3b) and occlusal (3c) views. 4: Ave8-1, right hemimandible in buccal 

(4a), lingual (4b) and occlusal (4c) views. 5: A8-15, right hemimandible in buccal (5a), lingual (5b) and 

occlusal (5c) views. 6: A8-81, left hemimandible in buccal (6a), lingual (6b) and occlusal (6c) views. 7: A8-36, 

left maxillary fragment with M1 and M2 in occlusal view. 8: A8-39, right M1in occlusal view. 9: Ave8-3, right 

P4 in buccal (9a), lingual (9b) and occlusal (9c) views. 10: Ave07-2, right P4 in buccal (10a), lingual (10b) 

and occlusal (10c) views. Scale bar: 3 cm.  
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The premolars possess short diastemata between them, especially between P2 and P3. The 

mandible ramus is high, with a mesiodistally large coronoid process and a conspicuous 

coronoid crest. 

Lower teeth – The P1 is single-cusped, with a short protoconid, and is single-rooted; it also 

possesses two small accessory cuspulids, one mesial and one distal. The P2 is rather long 

and oval, with no buccolingual constriction at its midpoint; it lacks any accessory cuspulids. 

The P3 is similar in shape to P2, but with one distal accessory cuspulid. In buccal view, the 

P3 emerges from a lower level when compared to the alveolar plane of P2 and P4. The P4 is 

a stout tooth, large and subrounded in shape (Fig. 89). It has a very large accessory cuspulid 

behind the protoconid and another small one on the distal cingulid. The M1 has a large 

paraconid with a mesial margin that is inclined distally, and in some specimens (i.e. A8-C4, 

A8-C6, A8-28 and AND-26) is curved distally (Fig. 89). The paraconid tip is higher than the 

P4 protoconid tip. The protoconid is high and stout, and the metaconid is reduced and closely 

attached to the lingual side of the protoconid. In the shallow talonid basin, the hypoconid is 

prominently larger and higher than the entoconid; a sinuous crest connects them. The 

talonid is much lower compared to the height of the trigonid cuspids. The M2 is bean-shaped, 

characterised by a strong cingulid expanded mesiobuccally.  

The protoconid is larger and higher than the metaconid, and distally, a prominent hypoconid 

and a shelf-like distolingual side are evident. The M3 is a small and round tooth, with a single 

and prominent cuspulid in the centre of the tooth.  

Postcranial – Most of the postcranial elements recovered are badly preserved and 

fragmented. We were able to identify which bone each specimen belonged to and to attribute 

them to C. lupus, but subtle features, such as muscular scars, etc., could not be described 

apart from a few exceptions. These were two fragments of humerus (A8-22 and AND-113) 

and a complete femur (A8-C21). The proximal epiphysis of the humerus (AND-113) shows 

a knob-like and prominent caput. The tricipital line, in lateral view, seems to be sharp 

although it is broken at the level of the tuberosity of the teres minor. The greater tubercle is 

not as elevated over the caput. The medial view shows a round and smooth area on the 

grater tubercle, for the attachment of the muscle infraspinatus. In the cranial view, the 

humerus shows a rather shallow radial fossa, with an oval and wide supratrochlear foramen 

(Fig. 90.1a-1b). Although broken on its caudal side, the lateral supracondylar crest in A8-22 

is well developed as a moderately high ridge for the insertion of the muscle extensor carpi 

radialis. In the distal epiphysis, the trochlea is slightly larger than the capitulum humeri.  
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In general shape, the femur (Fig. 90-2a-2b) has a rather straight diaphysis, in cranial view, 

that curves laterally only towards the distal epiphysis. In medial and lateral views, the 

diaphysis is curved. In cranial view, the intertrochantheric line is visible. In the medial portion 

it is more prominent and crest-like, corresponding to the attachment of the vastus medialis 

muscle, whereas from its lateral side it is low. The long ridge for the vastus medialis muscle 

departs from the lesser trochanter; this ridge extends caudally and continues in the medial 

lip. Near this is the lateral lip, which is less pronounced than the medial lip. Distally, two 

rugose and oval bulges mark the supracondylar tuberosities, with the lateral larger than the 

medial one. In distolateral view, a marked incision is evident for the insertion of the extensor 

digitorum longus muscle and caudally, a round depression is visible, which is the attachment 

for the muscle popliteus.  
 

 

Fig. 90 - 1: A8-22, right distal epiphysis of humerus in cranial (1a) and palmar (1b) views. 2: A8C-21, right 

femur in cranial (2a) and plantar (2b) views. Scale bar: 3 cm  
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In order to test the size variability of canid from late Middle to Late Pleistocene, the sample 

was analysed by means of log-ratio diagrams (Simpson, 1941; Simpson et al., 1960). The 

dental variables considered are P4-M2 length and width (L and W) for the upper teeth, and 

P4-M2 L and W and L of the trigonid of M1. The postcranial variables taken into consideration 

are the greatest length of the femur (GL), the breadth of the proximal epiphysis (Bp), the 

depth of the caput femoris (DC), the smallest width of the diaphysis (SD) and the breadth of 

the distal epiphysis (Bd). We chose the extant C. l. italicus as a reference baseline and, in 

addition to C. lupus from Avetrana, we plotted the following fossil species: C. l. lunellensis 

from French sites (i.e. Lunel-Viel 1, Igue des Rameaux, Aven 1 de la Fage, Coudoulous 1); 

C. l. santenaisiensis from Aven de l'Arquet; C. l. maximus from Grotte de Jaurence, Grotte 

de Maldidier, Igue du Gral; “Apulian wolves” (Sardella et al., 2014) from various Southern 

Italian localities (e.g. Grotta Romanelli, Ingarano, Melpignano); “Northern Italian wolves” 

from localities like Broion, Buco del Frate, Pocala; and the sample of wolf from Cardamone 

(Apulia).  

We further assessed the degree of affinity of the wolf from Avetrana bed 8 by conducting 

other statistical analyses. We considered three dental measurments (i.e. P4L, M1L and M1L) 

of the referred sample from Avetrana bed 8 and compared them to those of the taxa included 

in the log-ratio analysis. We first used the Shapiro-Wilk test to assess the normal distribution 

of the samples. The result was negative (P4L, p-value <0.01; M1L, p-value <0.01, M1L,  

p-value <0.01); therefore, we proceeded with a non-parametric test to evaluate differences 

in the size of teeth between Avetrana and the other wolf populations. We carried out a 

Kruskal-Wallis test on each subsample for each variable, testing the null hypothesis that the 

location parameters of the distribution of x were the same in each group. The alternative is 

that they differ in at least one distribution.  

 

Morphometric Comparison 

In size, the canid from Avetrana is slightly larger than the extant C. lupus italicus (Fig. 91), 

especially in the upper teeth. When its tooth proportions are compared to those of the 

Middle-Late Pleistocene French subspecies of C. lupus (i.e. C. l. lunellensis, C. l. 

santenaisiensis and C. l. maximus), C. lupus from Avetrana is clearly somewhat 

intermediate between C. l. lunellensis and C. l. santenaisiensis, whereas C. l. maximus is 

larger, on average, than the other samples studied here. Besides this similarity in size, the 

pattern of dental proportions displayed by C. lupus of Avetrana does not follow the 

remarkably constant outline typical of all three French subspecies. Indeed, the proportions 
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of C. l. lunellensis, C. l. santenaisiensis and C. lupus maximus (apart from the slight 

differences in size) seem to testify to a consistent degree of similarity among these three 

forms. In the scientific literature concerning the Italian fossil C. lupus samples, no attempt 

has been made to group them into different subspecies, although Sardella et al. (2014) 

identified that the Grotta Romanelli C. lupus shared an affinity with those from other 

Southern Italian sites (e.g. Ingarano, Melpignano) and named them “Apulian wolves”. Here, 

we considered these Apulian wolves on the one side, and the “Northern Italian wolves” (from 

localities like Broion, Buco del Frate, Pocala, etc.) on the other.  

 

Fig. 91 – Log-ratio diagram based on selected dental variables in the described (Avetrana bed 8 sample), as 

well as in other Late Pleistocene forms of Canis lupus (C. lupus santenaisiensis, C. lupus maximus, C. lupus 

lunellensis, Apulian wolves, North Italy wolves; data taken from the literature: Bonifay, 1971; Boudadi-Maligne, 

2010; 2012; Bertè, 2014) as compared to extant Canis lupus italicus (used as a reference baseline). 

 

The Cardamone site is considered separately because of its peculiar assemblage compared 

to the other Southern Italian sites (see further discussion below). The French wolves, apart 

from differences in size (or in age between the sites), show a considerable differences in 

comparison to these Late Pleistocene Italian wolves. When Canis lupus from Avetrana bed 

8 is compared to the three Italian groups (i.e, Apulian, Northern Italian and Cardamone 

wolves), it shows proportions that fit the pattern of both Apulian and Northern Italian 

groupings; therefore, it partially resembles both the variable pattern of the Apulian wolves 

and that of the Northern Italian wolves. Interesting to note that the Northern Italian 

proportions resemble those of the extant C. l. italicus especially for the lower teeth. Probably 

the most closely affine to Avetrana is the pattern displayed by the sample from Cardamone.   
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Fig. 92 – Log-ratio diagram based on selected femur measurements in the described (Avetrana bed 8 sample), 

as well as in other Late Pleistocene varieties of Canis lupus (C. lupus santenaisiensis, C. lupus maximus, C. 

lupus lunellensis, Apulian wolves, North Italy wolves; data taken from the literature: Bonifay, 1971; Boudadi-

Maligne, 2010; 2012; Bertè, 2014) as compared to extant Canis lupus italicus (used as a reference baseline).  

 

Among the postcranial elements, the proportions of the complete right femur, A8-C21, was 

compared with that of the other Middle and Late Pleistocene wolves considered in (Fig. 92). 

As seen for the dental log-ratio diagrams, the femur of C. lupus from Avetrana is more similar 

to that of the Apulian wolves than to those of the larger C. l. santenaisiensis and C. l. 

maximus. 

Kruskal-Wallis test performed on the datasets revealed various differences in the lengths of 

the upper and lower teeth in the fossil and modern wolf populations. The biometrical 

comparative analyses on P4L, M1 L, and M1 L revealed a relevant difference in size between 

the Avetrana and the other wolf populations, as reported in Fig. 93. The length of the P4 

from Avetrana was similar to that of the Apulian wolves (p value = 0.176), C. l. lunellensis 

(p value= 0.746), Cardamone (p value = 0.160), and the modern C. l. italicus (p value = 

0.087); therefore, it differs only from the larger French forms of C. lupus considered here.  

By contrast, the lengths of both M1 L and m1 L were similar to those of the large-sized C. l. 

maximus, C. l. santaineisiensis, the Northern Italian wolves from Broion, Pocala, and Buco 

del Frate, and the wolves from Cardamone (Fig. 93).  
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Fig. 93 – Boxplot of variation length of P4 L(a), M1 L(b) and m1 L(c) from Apulian wolves, Avetrana, C. lupus 

italicus, C. lupus lunellensis, C. lupus santenaisiensis, Cardamone and Northern Italian wolves. (d) Table of 

p-values for the Kruskal-Wallis test. 
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Variability of the Avetrana wolf population  

The minimum number of individuals (MNI) of the C. lupus Avetrana bed 8 population, 

estimated from the most abundant element (the lower carnassial), is 14. The dentognatic 

diagnostic features of C. lupus are easily recognisable in the Avetrana sample, and the inter-

individual variability is limited to the development of some cuspules (e.g. the protoconule on 

the M1) and cuspulids (e.g. the morphology of the mesial margin of the m1 paraconid).  

The population of C. lupus recovered from the Avetrana bed 8 shows peculiar morphologies 

and dental proportions that lie between those of the wolves recovered from other Southern 

Italian sites (e.g. Melpignano, S. Sidero, Ingarano) and those from Northern Italy (Broion, 

Pocala, Buco del frate). According to Sardella et al. (2014) these Southern Italian sites are 

referable to the MIS 4-3 whereas the Northern Italian ones are referred to MIS 3 in Gatta et 

al. (2016). The dental proportions of C. lupus from Avetrana are similar or slightly larger than 

those of the extant C. lupus italicus, apart from a few teeth, whereas its proportions are 

generally smaller than those of the French C. l. maximus (unlike reported in Bertè & Pandolfi, 

2014). Conversely, the only complete postcranial remain recovered, a right femur, is 

considerably smaller than the average values for C. l. italicus. This discrepancy agrees with 

the great size variability displayed by modern wolves (Klein, 1986; Dayan et al., 1991; Meiri 

et al., 2004). With all this considered, the average size of C. lupus from Avetrana is, 

nonetheless, larger than that of other Southern Italian fossil wolves (Figs. 88-89).  

 

A short review of the Late Glacial Canis lupus of Europe  

The first anatomically modern C. lupus to appear in the Western European fossil record is 

C. l. lunellensis from Lunel-Viel 1 (Bonifay, 1971). In size, this canid was comparable to the 

large-sized populations of C. mosbachensis from mid Middle Pleistocene (Thenius, 1954; 

Bonifay, 1971). Large-sized individuals of C. lupus began to appear during the OIS 8 in the 

deposits of Naciekowa Cave (Poland; Van der Made et alii, 2014). Since then, the tooth 

sizes of fossil wolf populations in Europe seem to have reached and remain within the 

dimensional range of variability of the modern C. l. lupus, C. l. italicus, and C. l. signatus 

(Van der Made et alii, 2014). Nevertheless, local peculiarities emerged from different 

timeframes during the Late Pleistocene. For example: 1) during the MIS 3 in France, two 

different forms of C. lupus occurred in different sites: the large subspecies called C. l. 

maximus in localities like Grotte de Jaurence and Grotte de Maldidier, coeval with a “smaller” 

form, C. l. santenaisiensis from Aven de l’Arquet, (Boudadi-Maligne, 2012); 2) Flower & 

Schreve (2014) showed that C. lupus from the MIS 5a sites of the United Kingdom were 
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larger, on average, when compared to extant C. l. lupus from Sweden and to those 

recovered in MIS 7 and MIS 3 of other British sites; 3) the complex Italian situation in which, 

in the last 100 kyr, C. lupus from Southern Italy seems to have smaller proportions than 

those of coeval Northern Italian populations (see, among others, Sardella et al., 2014).  

Today, wolves are widely diffused throughout the northern hemisphere, from the high 

latitudes of North America to the South of India. This range is reflected in a clinal geographic 

variation that follows Bergmann’s ecogeographical rule (Klein, 1986; Dayan et al., 1991; 

Meiri et al., 2004). This rule has been also applied to Neogene and Quaternary mammals 

and correlates with latitudinal and climatic oscillations and with glacial/interglacial cycles 

(Davis, 1977; Klein & Scott, 1989; Bown et al., 1994; Renaud et al., 1999; Millien et al., 

2006). Indeed, during the Middle and Late Pleistocene, climatic changes produced strong 

palaeoecological and palaeoenvironmental instability that profoundly affected the vertebrate 

faunal assemblages.  

One case study is that of Cardamone (Apulia, Southern Italy), as discussed by Rustioni et 

al.  (2003). Referable to the Last Glacial Maximum (MIS 2, 22-18 ka), the faunal assemblage 

of this site shows a mix of autochthonous taxa, such as C. elaphus, L. europaeus, O. 

cuniculus, B. primigenius, and some of the elements of the so-called Mammuthus-

Coelodonta Faunal Complex (Kahlke, 1994), like Mammuthus primigenius, Coelodonta 

antiquitatis and Equus ferus. According to Rustioni et al. (2003), the presence of the 

mammoth and the woolly rhino is actually a result of the dispersal of these taxa through the 

lowstand of the Adriatic Sea and the connection between the Balkan region and Apulia 

during the OIS 2 glacial stage. The mammal assemblage known as the Mammuthus-

Coelodonta Faunal Complex (which includes other frigophile species related to modern 

Vulpes lagopus, Saiga tatarica, Ovibos moschatus and Rangifer tarandus) has been 

considered as an indicator of cold, rapid temperature fluctuations and especially arid climatic 

conditions (Kahlke, 2014). This mammal assemblage was widespread in the Palaearctic 

during the Late Pleistocene (Kahlke, 2014) and it is also known from Italian localities, 

although incompletely represented in northern regions and discontinuously in some others. 

Some elements never reached Italy (e.g. Saiga and Ovibos); Sicista and Ochotona are 

reported in Veneto and on the eastern side of Central Italy (Sala et alii, 1992); Megaloceros 

giganteus is recorded in central Italy (Pasini, 1970; Farina, 2011); R. tarandus is reported 

from Liguria and Friuli Venezia Giulia (Bon et alii, 1991), and Alces alces is also reported in 

North-eastern Italy (Breda, 2001). The Coelodonta record in Italy is rather scanty, reported 

in a few localities from Northern (Cremaschi et alii, 2005; Gallini & Sala, 2001), Central 
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(Palmarelli & Palombo, 1981). and Southern Italy (Petronio & Sardella, 1998; Rustioni et alii, 

2003). These findings testify to favourable (i.e. cold and arid) environmental and climatic 

conditions for the dispersal of this fauna into the Italian Peninsula, which occurred many 

times in the Late Pleistocene. As far as C. lupus is concerned, from the MIS 3, we see that 

specimens from Northern Italian sites (Broion, Buco del Frate and Pocala) are very similar 

in size to those from the MIS 3 sites of southern France, referred to by some scholars to the 

subspecies C. l. maximus (Fig. 5). Indeed, as shown in Fig. 5, the subspecies C. l. maximus, 

proposed for its greatly different size from extant and fossil wolves, is remarkably close in 

dental proportions to C. l. santenaisiensis from Aven de l’Arquet (still from MIS 3). A similarity 

between these wolves and C. lupus from Avetrana bed 8, especially when compared to 

Southern Italian ones, had already been pointed out by Bertè & Pandolfi (2014). On the one 

hand, the authors explained the close morphometric affinity and the differences in 

morphology between the wolf of Avetrana and C. l. maximus with the action of similar 

evolutionary constraints towards comparable specialization in diet or to an increase in size. 

On the other, they outlined the possibility that the morphometric likeness between Avetrana 

and Northern Italian samples resulted as a consequence of a dispersal event of Central 

European wolves during the MIS 4, with replacement or hybridization with the Southern 

European ones. In Southern Italy, the appearance of large-sized wolves is evident only in 

the final part of MIS 3, at sites like Grotta Tina di Camerota (Salerno, Campania; Martini et 

alii, 1974), Grotta del Poggio (Salerno, Campania; Sala, 1979) and Grotta Paglicci (Foggia, 

Apulia; Boscato, 2004); or in the earliest MIS 2, e.g. Masseria del Monte Conversano (Bari, 

Apulia; Anelli, 1959). The stratigraphic sequence of Grotta Paglicci has an important role in 

the palaeontological and archaeological scenario of research on the Middle–Late Paleolithic 

of Apulia. The long and well-preserved sedimentary succession consists of 26 layers, with 

the most ancient ones referring to the Lower-Middle Palaeolithic and the more recent ones 

to the Upper Paleolithic. Some of these levels (level 22-23) were found to contain mammal 

remains and artefacts attributed to the ancient Gravettian (Boscato, 2004). The faunal 

assemblage includes E. ferus, E. hydruntinus, S. scrofa, B. primigenius, Capra ibex, 

Rupicapra cfr. pyrenaica, C. elaphus, L. europaeus, F. silvestris, C. spelaea, U. arctos, C. 

lupus and V. vulpes (see Boscato, 2004). The radiocarbon dates indicate that the 22–23 

layers accumulated from 28.1 ±0.4 ka and 26.8±0.3 ka (Palma di Cesnola, 1991). Gatta et 

alii (2016) suggested that Avetrana bed 8 should be referred to MIS 3 coeval to sites like 

Pocala Cave and Buco del Frate. In particular, the occurrences of Microtus savii and of the 

rhinoceros S. hemitoechus in the faunal assemblages from bed 2 to bed 7 suggest referring 
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these layers to MIS 4–3 (78–28 kyr; Vandergoes et al., 2005). In Avetrana bed 8, in addition 

to the occurrence of M. savii, the rhinoceros S. hemitoechus was missing. In the Apulian 

Peninsula, the last occurrence of the narrow-nosed rhinoceros would seem to be from 

Ingarano (about 41 ka BP) (Pandolfi et alii, 2017). In this scenario, the composition of the 

faunal assemblage from Ingarano, Pocala Cave and Buco del Frate would appear to differ 

from that of Avetrana bed 8. Finally, according to Bertè & Pandolfi (2014), the 

biochronological correlations are suggestive to consider Avetrana bed 8 as referable to the 

end of MIS 3. The results of the statistical analyses reveal a strong affinity between the wolf 

populations from Avetrana and Cardamone, previously unknown in literature. These two 

populations differ in P4 length from Northern Italian wolves and the other large C. lupus 

subspecies from MIS 3 in France (C. l. maximus, C. l. santenaisiensis). Recent research 

has examined the evolutionary trends in carnassial teeth of European Pleistocene canids 

(Sansalone et alii, 2015). According to the authors, the lower and upper teeth in true C. 

lupus are characterised by morphometric changes through time, with significant climate 

influence. From the Middle Pleistocene to the Holocene, the modern wolf went through an 

increase in dimensions of the upper and lower dentition, with the exception of the P4 length, 

which is characterised by stasis (Sansalone et al., 2015). In the present work, we treated 

the geographic and temporal wolf’ populations as separate groups from the Italian 

Peninsula. As shown in Fig. 90, analysing these as separate groups indicates that the P4 

length would not seem be affected by stasis during the Late Pleistocene. Indeed, the 

Northern Italian wolves show a longer P4, similar to other large C. lupus subspecies from 

MIS 3 in France (C. l. maximus, C. l. santenaisiensis). The record of C. lupus from Avetrana, 

characterised by larger body size than observed for the older Apulian wolf samples from the 

sites located in same area (e.g. Melpignano, Ingarano, Grotta Romanelli), fits within the 

pattern of southward dispersal of the “glacial wolves”. Although the faunal assemblage of 

Avetrana bed 8 (Petronio et alii, 2008) includes mainly temperate taxa, a more rapid 

dispersal can be readily imagined for a species that today is so adaptable to a wide range 

of different environments and that travels a great deal (Mech, 1970), compared to the taxa 

that are strictly connected to glacial conditions. The peculiar faunal assemblage of 

Cardamone, dated between 22 and 18 ka, records the arrival in Southern Italy of the other 

cold taxa, referable to the Mammuthus-Coelodonta Faunal Complex that coexisted with the 

autochthonous temperate fauna.  
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6.6.4 Cuon alpinus from Ingarano 
 
Cuon alpinus (Pallas, 1811), known as dhole, Asian wild dog, Indian wild dog, or red wolf, 

is a middle-sized social Canidae, with brown or reddish coat and white spot extending from 

the throat to the abdomen (depending upon the geographical region), and a dark bushy tail. 

The current areal of C. alpinus includes most of southeastern Asia including the western 

islands of Indonesia (Durbin et al., 2004). This canid occupies a wide variety of habits as 

tropical dry and moist deciduous forest, evergreen forest, temperate deciduous forest, 

boreal forest, thick scrub jungle, temperate and alpine steppe (Kamler et al., 2015).   

Morphological and biometric data led Mivart (1890) to distinguish two species of extant 

Cuon, the northern Dhole (C. alpinus) and the southern Dhole (C. javanicus). On the 

contrary, Ellerman and Morrison-Scott (1966) reunited the diversity of the Dhole under a 

single specific name, but identified 11 subspecies on the basis of their distinct external 

features (e.g., differences in coat length, color pattern) (Castelló, 2018). Genetic analyses 

confirmed Ellerman and Morrison-Scott’ hypothesis, finding no clear specific distinction, 

although such works only took into consideration populations from the southern part of the 

Dhole distribution (Iyengar et al. 2005). Wilson and Mittermeier (2009) grouped all these 

subspecies under only three (Tab. 73). 

There is therefore general consensus in considering the genus Cuon as monospecific, 

although the validity of the different subspecies is still doubtful. The lack of comprehensive 

and deep investigations (both accounting for the eventual morphological and genetic 

variance of extant Dhole) are needed to settle these disputed issues.  

Besides alternative taxonomic solutions, the Dhole shows several dental features related to 

a hypercarnivore diet (Van Valkenburg, 1991), such as the slicing premolars, the single-

cusped talonid of the lower carnassials, the reduction or even the absence of the second 

upper molar and the lack of the lower third molar. These features are similar with those of 

the extant representatives of the genus Lycaon and Speothos (Thenius, 1954; Van 

Valkenburg, 1991).  

Whereas today the species is confined to Asia, at the beginning of the Middle Pleistocene 

the Dhole was spread across Eurasia reaching the western Europe (García, 2003) and North 

America in the Late Pleistocene (Tedford et al., 2009). Such a wide geographical distribution 

is a common ecological trait of the Middle-Late Pleistocene canids as documented for Canis 

mosbachensis and Canis lupus (Sardella et. al., 2014; Bartolini Lucenti et al., 2017; Mecozzi 

et. al., 2017), both characterized by a large intraspecific variability and thus considered as 
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polymorphic species. Fossil remains of Dholes are exceptionally scarce and mainly 

represented by isolated teeth, fragmented cranial remains and few postcranial elements 

(Perez-Ripoll et al., 2010). Consequently, the morphological and biometric variability of this 

carnivorans throughout the Middle to Late Pleistocene is poorly known. Moreover, its origin 

and evolutionary history is still uncertain and debated among specialists (Brugal and 

Boudadi-Maligne, 2011, Petrucci et al., 2012; Ghezzo and Rook, 2014). Here, a comparative 

study of a well preserved right M1 belonging to the first Cuon alpinus reported from the Late 

Pleistocene site of Ingarano is performed.  

 

Taxonomical debate on European Dholes 

In the last quarter of the XIX Century, early studies recognized the presence of the genus in 

Europe describing several taxa (C. alpinus fossilis, C. alpinus pyrenaicus, C. bourreti, C. 

europaeus) (Tab. 73). Thenius (1954) described the species Cuon priscus for the large-

sized specimens from Hundsheim. Furthermore, the author introduced the subspecies C. 

dubius stehlini for the fossils from Rosières (France), suggesting similarities with Chinese 

C. dubius described by Teilhard de Chardin (1940). Nowadays, the species “C. dubius” is 

commonly referred to the genus Xenocyon (Schütt, 1973; Tedford et al., 2009) or even the 

transitional Sinicuon (Wang et al., 2014). The form “C.” stehlini is generally referred to 

Lycaon/Xenocyon lycaonoides (Rook, 1994; Martínez-Navarro and Rook, 2003, Sotnikova 

and Rook, 2010). Similarly, the species Cuon rosi from Cueva Victoria described by Pons-

Moyá and Moyá-Solá (1978) is widely considered as Lycaon/Xenocyon lycaonoides 

(Madurell-Malapeira et al., 2013). The reason for this confusion between the Pleistocene 

remains of European Dholes and those of genus Lycaon/Xenocyon lies in the comparable 

development of certain dental features.  

Adam (1959) attempted to reconstruct the affinities and taxonomy of European Cuon. He 

proposed the division of the European remains in three subspecies, all part of a single 

phyletic line: C. a. priscus - C. a. fossilis - C. a. europaeus. Bonifay (1971) considered valid 

three species for the Middle Pleistocene of Europe: C. stehlini, C. priscus and C. alpinus 

(the latter furtherly diversified into two subspecies, C. a. fossilis and C. a. europaeus). The 

subspecies C. alpinus caucasicus was erected by Baryshnikov (1996) based on the Late 

Pleistocene fossil remains from various localities of the Transcaucasian region (Kudaro 1, 

Kudaro 3, Tsona cave). Recently, Brugal and Boudadi-Maligne (2011) revised the scheme 

proposed by Bonifay (1971) acknowledging three taxa for the Pleistocene fossil record of 

Europe: C. priscus, C. alpinus fossilis and C. alpinus europaeus. The first occurrence of C. 
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priscus has been reported from the early Middle Pleistocene site of Hundsheim (Austria) 

(Thenius,1954). Afterwards, this species has been documented until the late Middle 

Pleistocene in some localities like e.g., Mosbach (Germany) (Thenius, 1954), Lunel-Viel 

(France) (Bonifay, 1971), Caune de l’Arago (France) (Bonifay, 1971), Galeria Pesada 

(Portugal) (Trinkaus et al., 2003). During the late Middle Pleistocene, the first occurrence of 

another species of Dhole, C. alpinus, has been reported from the late Middle Pleistocene 

site of Trinchera Galeria in Spain (Garcìa and Arsuaga, 1997; Garcìa, 2003). This taxon 

probably replaced C. priscus becoming part of the carnivorous guild for all the Late 

Pleistocene until the Early Holocene, as reported from the Riparo Fredian site (Italy) (Cilli et 

al., 1998) and Les Coves de Santa Maira (Spain) (Pérez-Ripoll et al., 2010). 

 

Description 

INGND59 is an almost complete first upper right molar missing of the labial root. The crown 

is little worn and slightly wrapped by a calcitic crust of reddish clay matrix (Fig. 94). In 

occlusal view, the M1 has a modest buccolingual shortened morphology. It possesses an 

enlarged paracone compared to the slightly shorter metacone, both medially fused. In 

occlusal view, the buccal cingulum is not prominent and it is only marked at level of the 

parastyle. The trigon basin is wide, round and deep, mesially girdled by a stout and large 

protocone. The postprotocrista distally present a very reduced and barely visible 

metaconule. The talon basin is vestigial and the hypocone seems cingular, although it is 

partially broken. The mesial cingulum is feeble. The embayment on the distal side of the 

tooth is rather reduced 
 

Morphological and bioometric comparison 

The paracone and metacone fusion as well as the development of the buccal cingulum, 

resemble the condition observed in: C. alpinus priscus from Hundsheim (Thenius, 1954), C. 

alpinus caucasicus from Caucasus (Kudaro, Baryshnikov, 2012), C. alpinus europaeus from 

Spain (e.g., Obarreta, Peréz-Ripoll et al., 2010) and in those from Italian area of Melpignano 

and San Sidero (Petrucci et al., 2012; Iurino et al., 2013). The morphology of the lingual 

portion of the M1 has a high degree of intraspecific variability (also at individual level, see 

Altuna, 1983). In occlusal view, the lingual portion of the INGND59 tooth has a round and 

expanded outline, similar to the sample from Hundsheim (Thenius, 1954), Wanxian 

(Sichuan, China; Colbert & Hooijer, 1953), Trinchera Galeria (García & Arsuaga, 1997), and 

different from that of other fossil and extant samples (e.g., Kudaro, Baryshnkov, 2012). A 

peculiar feature of the M1 from Ingarano is the relative enlargement of the lingual portion 
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compared to the buccal one. This morphology contrast with that observed in extant Cuon 

where generally the lingual side of the tooth is mesiodistally compressed. Compared to C. 

lupus several features differ. Whereas both share the larger and higher paracone compared 

to the metacone, the coalescence of these cusps for half of their height is not present in C. 

lupus. The buccal cingulum of the latter is more pronounced compared to INGND59. 

 

 
Fig. 94 - Variability of M1 in extant and fossil Cuon. A-D – Cuon alpinus from Ingarano, INGND59, right M1; A, 

buccal view; B, lingual view; C, occlusal view; D, schematic outline of the occlusal morphology of INGND59. 

E-G – extant Cuon alpinus; E, AMNH 102083; F, IOZ 26747 (Tong et al., 2012); G, Cuon alpinus hesperius 

Afanasjev et Zolotarev, 1935, holotype, ZIN 23894, Zoological Institute of Russian Academy of Science). H-L 

– fossil Cuon. H, Cuon alpinus antiquus Matthew & Granger, 1923, AMNH 18391 (reversed), Waxien (China); 

I, Cuon alpinus antiquus, AMNH 18727 (reversed), Waxien (China); J, Cuon alpinus europaeus Bourguignat 

1875, Obarreta (Portugal, from Perez-Ripoll et al., 2010)); K, Cuon alpinus priscus Thenius, 1954, holotype 
from Hundsheim (Germany, from Thenius, 1954); L, Cuon alpinus caucasicus Baryshnikov, 1978, Kudaro 

(from Baryshnikov, 2012). 
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Mesiobuccally to the protocone C. lupus has a generally developed protoconule, whereas 

none can be seen in the considered specimen. The most prominent difference is the 

absence of the marked and enlarged lingual lobe of the M1 bearing the hypocone, typical of 

C. lupus, which is clearly reduced and almost englobed in the trigon 

The dental proportions have a normal distribution, therefore we performed a statistical 

parametric test. The results of the statistical analysis reveal no differences in the M1L and 

M1B between INGND59 and both the extant and fossil specimens of Cuon (p.values > 0.05) 

(Fig. 95), even if the specimen is smaller than those of C. priscus and Middle Pleistocene 

C. a, europaeus (Fig. 95). The biometric comparisons among C. priscus, Middle and Late 

Pleistocene C. a. europaeus and extant C. alpinus have evidenced slight differences in the 

dental traits (Fig. 96). The range of the P4L of the extant Dhole includes all the values of the 

considered fossil specimens, which are very similar to each other as the median of C. 

priscus reaches the maximum value of the Eurasian C. a. europaeus. The length and 

breadth of P4 of C. priscus are no different from the other groups (p.values > 0.05) (Fig. 96). 

Concerning the M1 L, the Middle Pleistocene C. a. europaeus possess a larger teeth than 

the other groups, but its breadth is significantly lower than both C. priscus and Late 

Pleistocene C. a. europaeus. Similarly, M1B of C. priscus differs from Middle Pleistocene C. 

a. europaeus and extant C. alpinus (Fig. 96). The M1L of C. priscus statistically differs from 

those of the Late Pleistocene C. a. europaeus and the extant C. alpinus (fig. 96), whereas 

no differences can be found in the breadth (Fig. 96). 

 
Fig. 95 – Boxplot of M1 length (a) and breadth (b) from Ingarano, Cuon priscus, Cuon alpinus europaeus and 

extant Cuon alpinus (see Tab. 73 for the reference). c: Table of p-values for the linear model test. 
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Tab. 73 – Upper carnassial (P4), upper first molar (M1) and lower carnassial (M1) measurements of Cuon from 
the Middle to Late Pleistocene of Europe 
 

 

Specie Region Site Reference Age P4L P4GB M1L M1B M1L M1B
France La Caune de l'Arago Defleur (2001) Middle Pleistocene 20.5 10.9
France La Caune de l'Arago Defleur (2001) Middle Pleistocene 10.5 -
France La Caune de l'Arago data in Baryshinikov (2012) Middle Pleistocene 22.2 8.0
France La Caune de l'Arago data in Baryshinikov (2012) Middle Pleistocene 23.0 7.2
France Lunel Viel Bonifay (1971) Middle Pleistocene 22.4 10.8
France Lunel Viel Bonifay (1971) Middle Pleistocene 14.4 16.5
France Lunel Viel Bonifay (1971) Middle Pleistocene 23.3 9.2
France Lunel Viel Bonifay (1971) Middle Pleistocene 23.9 9.2
France Lunel Viel Bonifay (1971) Middle Pleistocene 24.2 9.5
France Romain La Roche Argant (2010) Middle Pleistocene 26.2 9.8
Austria Hundsheim Thenius (1954) Middle Pleistocene 23.2 9.8
Austria Hundsheim Thenius (1954) Middle Pleistocene 23.3 9.8
Austria Hundsheim Thenius (1954) Middle Pleistocene 24.0 9.5
Austria Hundsheim Thenius (1954) Middle Pleistocene 22.1 10.9 13.1 15.0
Austria Hundsheim Thenius (1954) Middle Pleistocene 22.0 11.0 13.2 15.2
Germany Heppenloch Adam (1959) Middle Pleistocene 24.0 9.0
Germany Heppenloch Adam (1959) Middle Pleistocene 24.6 9.3
Germany Heppenloch Adam (1959) Middle Pleistocene 24.5 9.0
Germany Heppenloch Adam (1959) Middle Pleistocene 4.5 9.6
Germany Heppenloch Adam (1959) Middle Pleistocene 23.2 11.5 14.1 16.5
Germany Heppenloch Adam (1959) Middle Pleistocene 13.5 15.8
Germany Mosbach Adam (1959) Middle Pleistocene 25.1 9.7
Greece Petralona Kurtèn & Poulianos (1977) Middle Pleistocene 26.0 10.8
Austria Repolust Hole Mottl (1951) Late Pleistocene 23.0 9.9
Belgium Chokier Cordy (1983) Late Pleistocene 21.4 8.8
Ceco Slovacchia Certova dira Nehring (1891) Late Pleistocene 20.3 8.5
Ceco Slovacchia Sipka Nehring (1891) Late Pleistocene 22.0 9.5
France Ceverne Mars Bouriguignat (1875) Late Pleistocene 21.0 9.0
France Fontechevade Arambourg (1958) Late Pleistocene 24.3 9.0
France Grotte de Cotencher Dubois & Stehlin (1933) Late Pleistocene 22.0 9.0
France Grotte de Cotencher Dubois & Stehlin (1933) Late Pleistocene 12.2 15.2
France Grotte de la Carrière Clot (1980) Late Pleistocene 12.6 13.3
France Grotte de l'Observatoire Buole & Villenueve (1927) Late Pleistocene 20.0 - 11.0 -
France Grotte de l'Observatoire Buole & Villenueve (1927) Late Pleistocene 21.0 - 13.0 -
France Grotte de l'Observatoire Buole & Villenueve (1927) Late Pleistocene 21.0 - 13.0 -
France Grotte de l'Observatoire Buole & Villenueve (1927) Late Pleistocene 22.0 - 13.0 -
France Grotte de l'Observatoire Buole & Villenueve (1927) Late Pleistocene 21.0 -
France Grotte de l'Observatoire Buole & Villenueve (1927) Late Pleistocene 21.0 -
France Grotte de l'Observatoire Buole & Villenueve (1927) Late Pleistocene 21.0 -
France Grotte de l'Observatoire Buole & Villenueve (1927) Late Pleistocene 21.0 -
France Grotta Vaufrey Rigaud et al. (1988) Late Pleistocene 23.5 -
France Isturitz Bouchud (1951) Late Pleistocene 22.3
France La Niche Crégut-Bonnoure (1996) Late Pleistocene 12.5 17.3
France Malarnaud Bouchud (1951) Late Pleistocene 23.2 -
France Moula Guercy Defleur (2001) Late Pleistocene 22.3 11.5
France Moula Guercy Defleur (2001) Late Pleistocene 13.4 16.0
France Vence Bouchud (1951) Late Pleistocene 21.3 -
France Verze Argant (1988) Late Pleistocene 13.9 15.9
Germany Offenberger Hole Teppner (1914) Late Pleistocene 23.0 10.0
Italy Melpignano Petrucci et al. (2012) Middle Pleistocene 13.9 14.0
Italy Melpignano Petrucci et al. (2012) Middle Pleistocene 23.3 9.9
Italy San Sidero This work MIddle Pleistocene 21.0 10.7 14.0 -
Italy Buca del Tasso Petrucci et al. (2012) Late Pleistocene 23.8 10.0
Italy Canale Mussolini Mottl (1939) Late Pleistocene 14.0 16.0
Italy Equi This work Late Pleistocene 21.7 8.8
Italy Equi This work Late Pleistocene 22.0 10.7
Italy Ingarano This work Late Pleistocene 12.9 14.3
Italy Valserra Petrucci et al. (2012) Late Pleistocene 20.9 8.3
Italy Valserra Petrucci et al. (2012) Late Pleistocene 20.7 8.0
Spain Trinchera Galeria Garcìa & Arsuaga (1997); Cervera et al. (1999); Garcìa (2003)Middle Pleistocene 14.5 13.9
Spain Trinchera Galeria Garcìa & Arsuaga (1997); Cervera et al. (1999); Garcìa (2003)Middle Pleistocene 14.7 14.1
Spain Trinchera Galeria Garcìa & Arsuaga (1997); Cervera et al. (1999); Garcìa (2003)Middle Pleistocene 22.2 8.7
Spain Trinchera Galeria Garcìa & Arsuaga (1997); Cervera et al. (1999); Garcìa (2003)Middle Pleistocene 23.6 8.9
Spain Trinchera Galeria Garcìa & Arsuaga (1997); Cervera et al. (1999); Garcìa (2003)Middle Pleistocene 24.2 9.6
Spain Almada Altuna (1990) Late Pleistocene 20.5 10.3 12.6 15.7 22.7 9.0
Spain Bolinkoba Castanos (1987) Late Pleistocene 13.6 14.3
Spain Boquete de Zafarraya Barroso et al. (2006) Late Pleistocene 20.0 10.4 12.6 13.8
Spain Boquete de Zafarraya Barroso et al. (2006) Late Pleistocene 19.4 10.3 10.0 12.9
Spain Boquete de Zafarraya Barroso et al. (2006) Late Pleistocene 13.2 -
Spain Cova Negra Pérez Ripoll et al. (2010) Late Pleistocene 23.6 9.0
Spain Duranguesado Castanos (1988) Late Pleistocene 22.9 9.2
Spain La Riera Altuna (1986) Late Pleistocene 21.5 11.0 12.6 16.2
Spain Moros de Gabasa Blasco (1995) Late Pleistocene 21.6 - 12.7 -
Spain Moros de Gabasa Blasco (1995) Late Pleistocene 22.7 -
Spain Obarreta Altuna (1983) Late Pleistocene 18.6 - 23.0 8.6
Spain Parpallò Pérez Ripoll et al. (2010) Late Pleistocene 20.0 - 22.2 9.8
Spain Parpallò Pérez Ripoll et al. (2010) Late Pleistocene 21.5 9.6 13.4 15.8
Caucasian Kudaro 3 Baryshinikov (2012) Late Pleistocene 21.2 12.9 13.0 14.2
Caucasian Kudaro 3 Baryshinikov (2012) Late Pleistocene 22.8 8.0
Caucasian Kudaro Baryshinikov (2012) Late Pleistocene 22.9 8.0
Caucasian Kudaro 3-4 Baryshinikov (2012) Late Pleistocene 22.5 8.5
Caucasian Kudaro 4 Baryshinikov (2012) Late Pleistocene 22.6 8.1
Caucasian Kudaro 3 Baryshinikov (2012) Late Pleistocene 22.8 8.2
Caucasian Kudaro 3 Baryshinikov (2012) Late Pleistocene 23.6 8.7

Extant Cuon 
apinus

southern Asia This work
20.7                      

(min 17.7 - max 
23.7; n 7)

10.4                      
(min 9.3 - max 

11.9; n 7)

12.4                      
(min 11.1 - max 

13.4; n 7)

13.5                      
(min 11.1 - max 

14.4; n 7)

22.0                      
(min 19.1 - max 

24.0; n 11)

8.9                      
(min 7.9 - max 

10.5; n 11)

Coun priscus

Cuon alpinus 
europaeus
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g  
 
 

 

P4L P4GB M1L M1B M1L M1B
Middle Pleistocene 0.52 0.75 0.08 0.00 0.31 0.96
Late Pleistocene 0.16 0.72 0.42 0.19 0.00 0.78

Extant Cuon alpinus 0.14 0.25 0.20 0.00 0.00 0.13

p.values

Cuon alpinus europaeus

Species
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Fig. 96 – a: Boxplot of length (P4L, a) and breadth (P4B, b) of upper carnassial, length (M1L, c) and breadth 

(M1B, d) of upper first molar and length (M1L, e) and breadth (M1B, f) of lower carnassial from the Eurasina of 

Cuon priscus, Middle and Late Pleistocene of Cuon alpinus europaeus and extant Cuon alpinus (see Tab. 73 

for the reference). g: Table of p-values for the linear model test. 

 

Discussion 

According to our results, the specimen INGND59 is morphologically and biometrically 

compatible with the M1 of extant and fossil Dholes, thus representing the first report of this 

carnivoran for the site of Ingarano. Despite the fact that the fossil Cuon is poorly documented 

and both geographically and chronologically dispersed, our morphological comparison has 

evidenced a quite large variability of the M1 among the samples, especially for the buccal 

and lingual profile of the tooth, the cuspule-like postprotocrista distal to the metacone and 

the buccal and distal notches (Fig. 94). This variability would not appear to be taxon-related 

as the extant forms include almost all the range of features observed in the fossil samples, 

with three different M1 morphotypes identified in the extant Dholes specimens (Fig. 94). 

Along with other variable dental features (e.g., the development of cuspulid-like lingual 

portion of the M1 talonid), these subtle differences, might be the reason of the proliferation 

of the fossil species/subspecies/varieties of Cuon (Brugal and Boudadi-Maligne, 2011)  

(Tab. 73). The tooth from Ingarano falls in this range of morphologies although its lingual 

portion is among the widest of the considered sample. A certain degree of teeth variability 

among the Italian record of fossil Cuon has been reported by Petrucci et. al. (2012). 

Particularly, the authors highlighted how the shape and the occlusal surface of the M2 

change in all the Italian specimens. According to Mivart (1890) and Durbin et al. (2004) the 

M2 variability documented on extant Dhole would be linked to the latitudinal distribution, but 

for a more exhaustive explanation of such a teeth diversification a largest sample of fossil 

specimens is needed.  

The Eurasian fossil record of the Dhole is mainly represented by isolated or fragmentary 

craniodental elements, whereas postcranial bones and partially complete crania are 

exceptionally rare, which explains why the taxonomy of this carnivorans is principally based 

on teeth. Moreover, the biometric data, as the size of the lower carnassial, were considered 

as good parameters to discriminate the Dhole from other Canidae (Ghezzo and Rook, 2014) 

or to distinguish between the fossil samples and recognize different taxa (Brugal and 

Boudadi-Maligne, 2011). Nevertheless, up to now no statistical analyses were performed to 

support these hypotheses. The results of the statistical analyses carried out on the P4, M1 
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and M1, reveal that size differences among the extant and fossil samples are very small, 

with weak statistical significance (Fig. 96, Tab. 73). Differences can be found only in some 

variables without any consistent evidence of distinction between the known taxa. For 

instance, in the case of the M1 the Middle Pleistocene C. a. europaeus has the longest M1 

whereas in M1B C. priscus and Late Pleistocene C. a. europaeus are the largest. In general, 

the variability of the fossil groups is largely included in that of the extant species, suggesting 

a quite biometric uniformity from the Middle Pleistocene to recent times.  

In conclusion, our results suggest the lack of clear morphological and biometric features for 

a reliable classification, casting doubts on the validity of the fossil taxa. Contrary to what is 

generally supposed, biometric traits of Dhole are quite uniform, and consequently its 

variability appears less marked than that of other canids, as for instance the late Middle to 

Late Pleistocene C. lupus. Therefore, a taxonomy developed on subtle differences of teeth 

for this carnivorans appear doubtful and unreliable.  
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6.6.5 Vulpes vulpes  
 
The red fox (V. vulpes) is a very common element of the faunal assemblages from the Apulia 

during the late Middle to Late Pleistocene. The first occurrence of this carnivorans in Italian 

fossil record is from Visogliano, which is chronologically referred to Fontana Ranuccio F.U. 

(Galerian) (Middle Pleistocene) (Abbazzi et al., 2000). By its large ecological flexibility, the 

red fox is widespread across the Europe, inhabiting a wide range of habitats, such as forest, 

grassland and swamp. Nevertheless, its presence in the Italian fossil record is often 

documented by fragmentary and isolated remains, excepted for few archeological site 

referred to Upper Palaeolithic where the red fox was hunted and exploited (e.g., Grotta 

Romanelli, Copmpagnoni et al., 1994; 2003). Of considerable interest are the samples from 

Ingarano and Tana delle Iene, where some crania, mandibles and complete postcranial 

elements in anatomical connection were found (Petronio et al., 2006).  

Considering the numerousness of the samples and the great state of preservation, the 

morphology and biometry of this carnivore was thoroughly investigated (Petronio et al., 

2006). The authors suggested that size of the specimens from late Middle to Late 

Pleistocene was smaller than those from the end of the Late Pleistocene and Early Holocene 

(MIS 2-1). This differences in size has been correlated to climatic changes occurring during 

the Late Pleistocene, where large-sized has been linked to glacial stages (Petronio et al., 

2006). Nevertheless, the sample from the levels E-A of Grotta Romanelli possesses a 

medium-sized, similar to that of the specimens from fossiliferous sites chronologically 

referred to interglacial stages (Petronio et al., 2006).  

An issue that has been discussed among the specialists was the presence in southern Italy 

of artic fox Vulpes lagopus, especially in the levels E-A of Grotta Romanelli (Compagni et 

al., 1997, 2003). Albeit the fossil remains show a large morphological and biometric 

variability, the presence of the artic fox was excluded (Compagni et al., 1994, 2003).  

In this work, the fossil remains from the late Middle to Late Pleistocene sites of Apulia have 

been considered (Tab. 73).  In order to test the variability of the studied material, the upper 

and lower teeth measurements have been compared and statistical analysis has been 

performed. The upper teeth, as well as the lower ones, show a low degree of variability 

during the late Middle to Late Pleistocene (Fig. 97-98). Finally, statistical analysis carried 

out on P4L, M1L, M2L and M1L shows that the late Middle Pleistocene specimens (MIS 9-8) 

are smaller in upper and lower carnassial than those from late Middle to Late Pleistocene 

and Early Holocene (MIS 7-1) (Fig. 99; Tab. 75). Moreover, considered the paucity of the 

remains from the late Middle Pleistocene (MIS 9-8) (P4: 2 specimens from Grotta di 
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Capelvenere; M1: 2 specimens from Melpignano; 1 specimen from San Sidero; 1 specimen 

from Grotta di Capelvenere), the size variability needs further investigations.  

In addition, the material from sites chronologically referred to Early Holocene (MIS 1) shows 

no differences from those from Late Pleistocene (MIS 2, MIS 3, MIS 4) for the upper and 

lower carnassials and upper second molar (Fig. 99; Tab. 75). 

 
Site Sigla Reference Age 

Melpignano Mel This work MIS 9-8 
San Sidero SS This work MIS 9-8 
Grotta di Capelvenere GCv This work MIS 9-8 
Avetrana - 7-5 Ave 2-7 This work MIS7-5 
Grotta Uluzzo C - IV GUC - IV This work MIS7-5 
Grotta Mario Bernardini - VI GMB - VI This work MIS 7-5 
Ingarano Ing This work MIS 5-4 
Castellaneta Cas This work MIS 5-4 
Grotta Zinzulusa - B6 GZi- B6 This work MIS 4 
Grotta dei Ladroni GLa Sala (1978) MIS 4 
Grotta Laceduzza GLz This work MIS 4-3 
Fondo Cattiè FCa Corridi (1987) MIS 3 
Sternatia Ste Rustioni et al. (1994) MIS 3 
Grotta del Cavallo  GGa - F Sarti et al. (1998)  MIS 3 
Avetrana Ave - 8 This work MIS 3 
Tana delle Iene TI Petrucci (2012) MIS 3 
Grotta Uluzzo C - III GUC - III This work MIS 3 
Grotta Zinzulusa GZi - B5-3 This work MIS 2 
Cardamone Car This work MIS 2 
Fondo Focone FFo This work MIS 2 
Grotta Paglicci GPa Boscato (1994) MIS 2 
Grotta delle Mura GMu Bon & Boscato (1993) MIS 1 
Grotta Romanelli GRo This work MIS 1 

 
Tab. 74 – Vulpes vulpes from late Middle to Late Pleistocene of Apulia 
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Fig. 97 – Upper teeth of red fox from late Middle to Late Pleistocene sites of Apulia. Abbreviations: see Tab. 
74.  
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Fig. 98 – Lower teeth of red fox from late Middle to Late Pleistocene sites of Apulia. Abbreviations: see Tab. 
74.  
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Fig. 99 – Boxplot of length of P4, M1, M2 and M1 of fossil remains from the late Middle to Late Pleistocene of 
Apulia (for chronology see tab. 74) 
 

Age 
p-values 

P4 M1 M2 M1 
MIS 2 0.96 0.00 0.53 0.35 
MIS 3 0.20 0.00 0.80 0.87 
MIS 4 0.37 0.25 0.87 0.90 
MIS 5-4 0.00 0.00 0.68 0.00 
MIS 7-5   0.00 
MIS 9-8 0.00 0.50   0.69 

Tab. 75 – Upper and lower teeth p-value of the linear model with corner point parameterization testing the 
null hypothesis of no-differences between the mean of the populations of Vulpes vulpes from sites 
chronologically referred to MIS 1 and the sample Vulpes vulpes from sites chronologically referred to MIS 9-
2 (p-value > 0.05). For the chronology see Tab. 74. 
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6.7 Felidae  
 
6.7.1 Lynx pardinus from Ingarano  
 
With a geographical distribution limited to few restricted areas of the south-western Spain, 

the pardel lynx (Lynx pardinus Temminck, 1827) is considered one of the most threatened 

living felid by the International Union for Conservation of Nature (IUCN, 2015) (Von Arx and 

Breitenmoser-Wursten, 2008; Simon et al., 2012; Simon, 2013). Over the last decades many 

efforts have been made to better characterize the ecological and biological profile of this 

rare felid in order to develop targeted conservation programs, which have allowed an 

increase of the population reaching almost 400 individuals in 2016 (Rodríguez & Delibes, 

1992; 2002; Gil-Sanchez & McCain, 2011; Thomas, 2011; Fordham et al., 2013). Currently, 

the pardel lynx is one of must studied and best known felids which has become an iconic 

carnivore for the conservation in Europe and especially in Spain (Rodríguez & Delibes, 

1992; 2002; Gil-Sanchez & McCain, 2011; Thomas, 2011; Fordham et al., 2013), but despite 

this, its evolutionary history is still strongly debated among the specialists. Since the mid-

1970s, different scenarios on the evolution of genus Lynx were proposed. Ficcarelli and 

Torre (1977) suggested the Early Pleistocene L. issiodorensis as the ancestor of L. pardinus, 

hypothesis shared also by Kurtèn (1978) and slightly revised by Werdelin (1981). The latter 

suggested a long and gradual evolutionary trend for the pardel lynx, characterized by a 

progressive body size reduction started during the Early Pleistocene with the archaic form 

of L. issiodorensis, and continued through two intermediate forms; L. issiodorensis 

valdarnensis, form the late Early Pleistocene and L. pardinus spelaeus, from Middle 

Pleistocene. This anagenetic evolutionary model is accepted by several authors (Kurtèn & 

Granqvist, 1987; Garcìa & Arsuaga, 1998), although the taxonomic status of the “cave lynx” 

is still debated. This taxon was instituted on fossil remains from Grotta del Principe (Imperia, 

north-western Italy) by Boule (1919) and classified as Felis (Lynx) pardinus race spelaea 

mainly due the strong craniodental resemblance with the extant L. pardinus and to distinctive 

larger body size. According to this first interpretation, many authors consider L. spelaeus as 

a subspecies and probable ancestor of L. pardinus (L. pardinus spelaeus) (Werdelin, 1981; 

Kurtèn & Granqvist, 1987; García-Perea, 1997; Palombo et al., 2007; Garrido, 2008), 

instead others consider the “cave lynx” as a distinct and still valid species, reported from 

several Middle-Late Pleistocene caves of Southern France and Northern Italy (Bonifay, 

1971; Arribas, 1994; Rustioni et al., 1995; Testu, 2006; Ghezzo et al., 2015). Except for the 

debate on the origin of the pardel lynx, several authors accept the evolution of L. pardinus 

in Europe and L. lynx in Asia, where the latter originated during the late Middle Pleistocene 
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from a common ancestor L. issiodorensis, probably through the intermediate form of L. 

issiodorensis shansius (Werdelin, 1981; Kurtèn and Werdelin, 1984). Nowadays, the first 

presence of L. lynx in the European fossil record is referable to the latest interglacial MIS 5 

(Marine Isotopic Stage) (Wolsan, 1993; Kahlke, 1999). Albeit this felid becomes a very 

common element in carnivorans guild during the whole Late Glacial from Europe (Sommer 

& Nadachowski, 2006), its presence in earlier than MIS 2 is questionable and there is no 

compelling evidence in European fossil record (Sommer & Nadachowski, 2006).  

 The debate on taxonomy and paleobiogeographic distribution of Late Pleistocene lynxes in 

Europe, has been powered by recently described specimens some of which consisting of 

partially complete skulls (Cherin et al., 2013; Boscaini et al., 2015). A fragmentary cranium 

recovered from the site of Avenc Marcel (Spain) and dated 1.6-1.7 Ma, was interpreted by 

Boscaini et al. (2015) as the first fossil evidence of L. pardinus probably originated during 

the Early Pleistocene from an archaic population of L. issiodorensis. In addition, following 

the International Code of Zoological Nomenclature, Boscaini et al., (2016) suggested to 

consider L. spelaeus (L. pardinus spelaeus) as a junior synonym of L. pardinus, since no 

valid diagnostic features has been denoted to distinguish the two taxa, including the metrical 

differences strongly affected by the intraspecific body size variability spotted on the Middle 

to Late Pleistocene lynxes. Moreover, the evolutionary trend of the fossil pardel lynxes 

depicted by Werdelin (1981) is therefore still valid in its general scheme, nevertheless the 

first occurrence of L. pardinus has to be consider much older than previously thought.  

Recent molecular studies on Late Pleistocene lynx remains from the site of Arene Candide 

(Savona, northwest Italy), previously attributed to the Eurasian lynx (L. lynx) or L. cf. spelaea 

(Cassoli & Tagliacozzo, 1994), attested the co-occurrence of L. lynx and L. pardinus in 

northwest Italy from 24.820 ± 350 yr BP to 18.620 ± 150 yr BP (Rodrìguez-Varela et al., 

2015). In addition, the presence of L. pardinus was also reported in Southern France until 

the Iron Age (Guilaine et al., 1986; Vigne, 1996; Vigne and Pascal, 2003). According to 

these studies, the palaeobiogeographical distribution of L. pardinus was not restricted only 

to the Iberian Peninsula, but also included the Mediterranean portion of southern France 

and northwest Italy. Such a distribution attests the preference of this species to 

Mediterranean environments and indicate the Italian Peninsula as a potential dispersal area, 

compatible with the Iberian one for multiple ecological and climatic aspects. But despite this, 

the presence of pardel lynx in the Italian fossil record is currently limited to the specimens 

from the Middle Pleistocene site of Ponte Molle (Capasso et al., 1998) and Valdemino 

(Ghezzo et al., 2014) and the Late Pleistocene sites of Arene Candide (Rodrìguez-Varela 
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et al., 2015), Carnello Valle Radice (Segre et al., 1984), Grotta del Principe (Boule, 1909; 

Testu, 2006) and Grotta delle Masseria del Monte (Anelli, 1959).  

In this scenario, the rich lynx sample recovered from the Ingarano site (Foggia, South Italy) 

with 416 specimens, represents the largest and the best preserved population of Late 

Pleistocene lynxes from the Italian and European fossil record. As was the case of the Arene 

Candide specimens, also the Ingarano collection was previously attributed to L. lynx mainly 

on the basis of the large body size (Capasso Barbato et al.,1992; Petronio et al., 1996; 

Petronio and Sardella, 1998). Recently, Iurino et al. (2015) have carried out a comparative 

study on a felid natural brain endocast recovered from the Ingarano site, including both, L. 

lynx and L. pardinus in their geometric morphometrics analysis. The specimen was prudently 

referred to Lynx sp. since a specific attribution based on the endocranial features of one 

sample would have been less reliable. The richness of the Ingarano collection, the lack of 

previous detailed comparative works and the peculiar geographical position, makes the 

study of these fossils crucial to reconstruct the distribution and the evolutionary history of 

the Mediterranean Late Pleistocene lynxes. Here, morphological and biometric analyses on 

craniodental materials attributed to the Late Pleistocene L. pardinus from Ingarano has been 

performed and their taxonomic and palaeobiogeographical inferences has been discussed. 

 

Description of the fossil material:  

The collection of fossil lynxes from Ingarano considered in this study is represented by 70 

craniodental remains in a different state of conservation. Some of the worst preserved 

specimens are covered by a compact brown-reddish encrustation less than 1 mm thick, that 

prevents an easy observation of the osteological details. In several specimens, this 

encrusting patina is more evident while seems to be almost lacking among the best 

preserved specimens, including an exquisitely complete skull MGPUTV135415 (Fig. 100). 

Considering few exceptions, the largest part of the specimens was not recovered in 

anatomical connection and show clear evidences of the fossilization processes, especially 

fractures and missing anatomical portions.  

Skulls (Tab.76) (Fig. 100) 

The Ingarano collection of fossil lynxes includes 5 differently preserved specimens: a 

partially complete skull MGPUTV135415, a strongly encrusted and fragmented cranium 

ING75, two neurocrania ING76 and M693, and a splancnocranial portion INGND950 

strongly embedded in a sedimentary matrix. The specimen MGPUTV135415 is the more 

complete and best preserved skull including mandible, although the nasal bones, the left 
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zygomatic arch and both the tympanic bullae are missing. In dorsal view, the nasal cavity is 

exposed and the upper edge of the maxillae is slightly damaged and shows an irregular 

profile due to the fractures. The frontal bones are expanded with well-developed zygomatic 

processes of triangular shape, the right zygomatic arch is broad and semi-circular. The 

temporal ridges are large and well-marked, caudally convergent in a very short sagittal crest 

that reaches a well-developed nucal crest.  

 
Fig. 100 – Cranium of Lynx pardinus from Ingarano: 1 -  MGPUTV135415; skull (cranium 1a-c and mandible 

1d-g); 2 – ING75, cranium; 2 – ING76, cranium; 4 – M693, neurocranium. Cranium figured in dorsal (a), ventral 

(b) and right lateral (c) views. Mandibles figured in in labial (d and f) and lingual (e and g) views. Scale bars 3 

cm. 
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Multiple micro fractures are visible on the dorsal area of the cranium as well as all the suture 

lines which are not obliterated by sediment or encrusting material. In lateral view, the 

cranium appears quite domed and rostrocaudally elongated. The orbits are large and 

rounded. Unfortunately, in their inner part an evident hole crosses the cranium from side to 

side exposing the nasal cavity and damaging the sphenoid bone. The right zygomatic arch 

is dorsoventrally arched with a small missing portion just behind the frontal process of the 

zygomatic. In ventral view, the palatal area is almost complete except for the most posterior 

portion that is missing while the premaxillary bones are projected forward marked 

constriction at the level of the canine diastema. Both the tympanic bullae are broken, but 

despite this they are rounded and elongated mesio-distally with the jugular and hypoglossal 

foramina located into the same depression. The basal portion of the occipital bone are 

broken, and the lower part of the left occipital condyle is fragmented. The foramen magnum 

is oval in shape and wider at the base. 

 

Upper dentition (Tab. 76) (Fig. 100) 

The upper teeth show a great variability for the number and the development of accessory 

cusps and for the development of the distal and anterior buccal cingulum. However, the P3 

is in general buccolingually compressed, with a high and rounded paracone, comparable to 

the P4 paracone. 

The carnassials show a small-sized protocone mesiodistally located and a parastyle 

buccolingually compressed and mesiodistally shorter than paracone and metastyle. The 

paracone is well developed in relation to the metastyle, that extended posteriorly and 

swelled around the deep groove, that separate it from the paracone. The M1 is elliptical in 

occlusal view and is very small and lingually. 

 

Mandible and lower dentition (Tab.76) (Fig. 100-102) 

The mandibles are highly variable in size and shape. In labial view, the number and the 

position of mental foramina changes considerably, as well as the number of the accessory 

cusps and the development of the P3 and P4 cingulum. The anteriormost portion of the 

masseteric fossa reaches the level of the distal portion of the first molar. The canine and the 

P3 are separate by a diastema of variable length. The lower carnassial always presents a 

protoconid higher than the paraconid, and the distal margin of the protoconid blade is usually 

smooth (13 specimens) (Fig. 102).  

A fewer number of remains show a small cusped-like enamel inflection (9 specimens) 
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whereas a true metaconid is rarely observed (3 specimens) (Fig. 102). The mandibles are 

highly variable in size and shape. In labial view, the number and the position of mental 

foramina changes considerably, as well as the number of the accessory cusps and the 

development of the P3 and P4 cingulum. The anteriormost portion of the masseteric fossa 

reaches the level of the distal portion of the first molar. The canine and the P3 are separate 

by a diastema of variable length. The lower carnassial always presents a protoconid higher 

than the paraconid, and the distal margin of the protoconid blade is usually smooth (13 

specimens) (Fig. 103). A fewer number of remains show a small cusped-like enamel 

inflection (9 specimens) whereas a true metaconid is rarely observed (3 specimens) (Fig. 

103). 

 

Cranial measurement Length (mm) 

Total length 157,6 (n=1) 

Basal length  131,4 – 134,9 (n=2) 

Length of the sagittal crest (Akrokranion to junction of the two linae temporalis) 25,6 – 28,2 (n=2) 

Distance between the linae temporalis (at the level of the coronal suture) 16,8 – 20,3 (n=2) 

Length of the linae temporalis (Frontal midpoint to junction of the two linae temporalis) 67,6 (n=1) 

Zygomatic breadth 117,2 (n=1) 

Greatest neurocranium breadth  60,3 – 62,7 (n=3) 

Breadth of the postorbital constriction 40,3 (n=1) 

Greatest mastoid breadth 59,7 – 61,2 (n=2) 

Upper Carniassial length 15,5 – 17,9 (n=13) 

Mandible measurement  Length (mm) 

Total length 77,0 – 111,4 (n=4) 

Length of the cheektooth row (P3 – M1) 30,9 – 37,8 (n=20) 

Lower Carnassial length 12,6 – 16,3 (n=30) 

Tab. 76 – Craniodental measurments of Lynx pardinus from Ingarano 
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Fig. 101 – Mandibles of Lynx pardinus from Ingarano. Right hemimandibles: ING68 (1a-c), ING69 (2a-c), 

INGND870 (3a-c), IN15NS (4a-c), INGND869 (5a-c), ING72 (6a-c), ING73 (7a-c); left hemimandibles: 

INGND312 (8a-c), ING61 (9a-c); INGND868 (10a-c); INGND455 (11a-c); INGND144 (12a-c). Mandibles 

figured in in lingual (a), buccal (b) and occlusal (c) views. Scale bars 3 cm.  
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Fig. 102 – Lower carnassial (M1) of Lynx pardinus from Ingarano. Rigth M1: ING68 (1a-c), ING69 (2a-c), 

INGND870 (3a-c), IN15NS (4a-c), INGND869 (5a-c), ING72 (6a-c), ING73 (7a-c), MGPUTV35415 (8a-c), 

ING63 (9a-c), ING70 (10a-c), ING79 (11a-c), INGND369 (12a-c), INGND372 (13a-c), INGNDF318 (14a-c); 

left M1: INGND312 (15a-c), ING61 (16a-c); INGND868 (17a-c); INGND319 (18a-c), INGND867 (19a-c), 

INGND145 (20a-c), ING62 (21a-c), INGND144 (22a-c), INGND373 (23a-c), ING71 (24a-c), FG107 (25a-c), 

MGPUTV35415 (26a-c), FG109 (27a-c). Scale bars 3 cm 

 

Morphological comparison  

As comparative fossil material, we built our dataset by considering all the relevant literature 

from European fossil record on L. issiodorensis Early Pleistocene, on pardel lynx (L. 

pardinus - L. spelaeus), L. lynx Late Pleistocene, the extant L. pardinus and L. lynx (Tab.76). 

The described crania possess short sagittal crest and long and well-separated temporal 

ridges, differing from the morphology of the Early Pleistocene specimens of L. issiodorensis, 

of the Late Pleistocene materials of L. lynx and of extant specimens of L. lynx. This 

morphology is more closely resembles the condition of the Middle-Late Pleistocene crania 

of pardel lynx and extant specimens of L. pardinus. The studied crania possess a clear 

feature of pardel lynx: the confluence in the same cavity of the jugular and hypoglossal 

foramina, situated just behind the posterior border of tympanic bullae. These features are 

shared with Early-Late Pleistocene crania of fossil pardel lynx. The cranial morphology of 

the studied materials displays other features resemblance those of fossil and extant pardel 

lynx, such as the interorbitary convexity and the high and rounded at the top parietal bones. 

These features differ from the condition of L. issiodorensis, fossil and extant L. lynx. 

Regarding dental morphology, in the protoconid blade of the lower carnassial the metaconid 

is absent or extremely reduced differing from that of L. issiodorensis, fossil and extant L. 

lynx. This character resembles the condition of fossil and extant pardel lynx. 
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Species Region Site Age References 

Lynx issiodorensis 
valdarnensis Italy 

Olivola Early Pleistocene Cipullo (2010); this work 
Valdarno Superiore Early Pleistocene Cipullo (2010); this work 
Pantalla Early Pleistocene Cherin et al. (2013) 

Lynx  issiodorensis 

Italy 
Pirro Nord Early Pleistocene Cipullo (2010); this work 

Argentario  Early Pleistocene Cipullo (2010); this work 

Garfagnana  Pliocene Cipullo (2010); 

Germany 
Untermassfeld  Early Pleistocene Hemmer (2001) 
Mosbach Early Pleistocene Voeckler (1930) 
Mauer   Early Pleistocene Voeckler (1930) 

Spain Fonelas P-1  Early Pleistocene Garrido & Arribas (2008) 
Villaroya   Kurtèn and Crusafont (1977) 

Lynx spelaeus              
(=Lynx pardinus 

spelaeus) 

Italy 

Valdemino  Middle Pleistocene Ghezzo et al. (2014) 
Ponte Molle  Middle Pleistocene Capasso et al. (1998) 
Grotta del Principe  Late Pleistocene Boule (1909); Testu (2006) 
Grotta della Masseria del Monte  Late Pleistocene Anelli (1959) 
Valle Radice Late Pleistocene Biddittu et al. (1967) 

France 

Vallonet Early Pleistocene Testu (2006) 
Escale Middle Pleistocene Testu (2006); this work 
Lunel-Viel  Middle Pleistocene Bonifay (1971); Testu (2006) 
Lazaret  Middle Pleistocene Valensi (1994) 
Moula Guercy-Baume  Late Pleistocene Defleur et al. (2001) 
Portel Ouest    Late Pleistocene Testu (2006) 
Grotte Vaufrey  Late Pleistocene Delpech (1988) 
Hortus Late Pleistocene Testu (2006) 
Caune de l’Arago Late Pleistocene Testu (2006) 
La Crozude Late Pleistocene Testu (2006) 
Orgnac 3 Late Pleistocene Testu (2006) 
Grotta dell’Osservatorio Late Pleistocene Boule and Villenueve (1927); Testu (2006) 
Puech-Margal Late Pleistocene Kurtèn and Granqvist (1987) 

Spain Villacastìn  Early Pleistocene Arribas (1994) 
Cueva del Puerto  Late Pleistocene Sarrion (1978) 

Lynx pardinus 

France 

Abri Cornille Late Pleistocene Bonifay and Leucortis-Ducgoninaz (1976) 
Abric Romani  Late Pleistocene Testu (2006) 
Baume-Longue Late Pleistocene Paulus and Tronn (1945) 
Campfiel Late Pleistocene Paulus and Tronn (1945) 
Grotte Balauzìere Late Pleistocene Paulus and Tronn (1945) 
Grotte de la Sartenette Late Pleistocene Paulus and Tronn (1945) 
La Salpetriére,  Late Pleistocene Paulus and Tronn (1945) 

Spain 

Avenc Marcel  Early Pleistocene Boscaini et al. (2015) 
Cueva Victoria,   Early Pleistocene Boscaini et al. (2016) 
Cal Guardiola Early Pleistocene Boscaini et al. (2016) 
Vallparadìs  Early Pleistocene Boscaini et al. (2016) 
Sierra de Quibas  Early Pleistocene Montoya (1999) 
Trinchera Dolina,    Middle Pleistocene Garcìa and Arsuaga (1999) 
Almada Late Pleistocene Yravedra (2005) 
Cova Negra Late Pleistocene Yravedra (2005) 
Cova Toll Late Pleistocene Yravedra (2005) 
Cueva de Chaves Late Pleistocene Castanos (2004) 
Ermittia   Late Pleistocene Altuna (1971) 
Erralla  Late Pleistocene Altuna and Mariezkurrena (1985) 
Pena de Estebanvela Late Pleistocene Yravedra (2005) 

Portugual Alargo do Casais Late Pleistocene Yravedra (2005) 
Caldeirao Late Pleistocene Yravedra (2005) 
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Casa do Moira Late Pleistocene Yravedra (2005) 
Columbeira Late Pleistocene Yravedra (2005) 
Escoural Late Pleistocene Yravedra (2005) 
Furinha Late Pleistocene Yravedra (2005) 
Prado des Salemas Late Pleistocene Yravedra (2005) 

Lynx lynx 

Italy 

Arene Candide Late Pleistocene Cassoli and Tagliacozzo (1994)  

Buca della Iena  Late Pleistocene Pitti and Tozzi (1971) 
Grotta della Madonna  Late Pleistocene Rodriguez-Varela et al. (2016) 
Grotta delle Striare  Late Pleistocene Rustioni et al. (1995)  
Grotta dei Colombi Late Pleistocene Rustioni et al. (1995)  
Grotta di Equi Late Pleistocene Rustioni et al. (1995)  
Grotta Polesini Late Pleistocene Rustioni et al. (1995)  
Grotta Sant’Agostino Late Pleistocene Rustioni et al. (1995)  
Grotta Tina di Camerota Late Pleistocene Rustioni et al. (1995)  
Melpignano Late Pleistocene Rustioni et al. (1995)  
Riparo Fumane   Late Pleistocene Rustioni et al. (1995)  
San Sidero Late Pleistocene Rustioni et al. (1995)  

France 

Balauzìere Late Pleistocene Paulus and Tronn (1945) 

Campfiel Late Pleistocene Paulus and Tronn (1945) 

Col d’Aran  Late Pleistocene de Beafourt (1965) 
Groutte de Pène  Late Pleistocene Clot and Besson (1974) 
Grotta dell'Osservatorio Late Pleistocene Boule and Villenueve (1927) 

La Crouzade  Late Pleistocene Testu (2006) 
Mostayous  Late Pleistocene Clot (1988) 
Rèseau du Cèbèri Late Pleistocene Clot and Besson (1974) 

Spain 
Cueva de Los Casares Late Pleistocene Altuna (1973) 
Pagolusieta Late Pleistocene Altuna (1980) 

Cueva de Santimamine  Late Pleistocene Castanos (1984) 

Gran 
Bretain 

Lynx Cave  Late Pleistocene Werdelin (1981) 
Sewell's Cave Late Pleistocene Werdelin (1981) 
Sewell's Cave Late Pleistocene Werdelin (1981) 

Russian Kostenki 21   Late Pleistocene Sablin (2001) 
Lynx sp. France Grotte du Bourrouilla  Late Pleistocene Fosse (1999) 

extant Lynx pardinus Spain   Werdelin (1981) 
extant Lynx lynx Europe     Werdelin (1981) 

 

Tab. 77 - List of lynx material considered for morphological and morphometric comparison comparison 

 

Morphometric comparison 
Compared to other Early-Late Pleistocene and extant Eurasian lynxes, the size of the skull 

MGPUTV135415 is larger than other crania of Early Pleistocene specimens of L. i. 

valdarnensis from Olivola, Valdarno Superiore and Pantalla; of the Middle-Late Pleistocene 

crania of pardel lynx from L’Escale and Grotta del Principe and layers “a-b” and Grotta 

dell’Osservatorio; of the extant L. pardinus; of the Late Pleistocene specimens of L. lynx 

from Lynx Cave, Rèseau du Cèbèri and layers “A-F” of the Grotta dell’Osservatorio; of the 

extant L. lynx (Tab. 77). Whilst, the studied specimen is smaller than the other crania of the 

Late Pleistocene specimens of L. lynx from Pagolusieta, Col d’Aran and Sewell’s Cave (Tab. 

77). The zygomatic breadth of the specimen ING75 is larger to the other crania of L. i. 
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valdaernensis from Valdarno Superiore and Pantalla; of pardel lynx from layers “a-b” of the 

Grotta dell’Osservatorio; of the extant L. pardinus; of L. lynx from Col d’Aran, Arene Candide, 

Rèseau du Cèbèri, Lynx Cave and Sewell’s Cave; of the extant L. lynx. The zygomatic 

breadth of the specimen ING75 is similar to the specimens of pardel lynx from L’Escale and 

Puech-Margal and of L. lynx from Pagolusieta (Tab. 78). The length of sagittal crest of the 

studied specimens is longer than the crania of the Early Pleistocene specimen of pardel lynx 

from Avenc Marcel and of the extant L. pardinus; shorter than the crania of L. i. valdarnensis 

from Valdarno Superiore and extant L. lynx (Tab. 78). The size and proportions of the upper 

and lower teeth show a few marked different size among the fossil and extant lynx species, 

for exception to extant L. pardinus characterized by smallest body size (Fig. 103).  L. 

issiodorensis displays a larger body-size than to pardel lynx (L. spelaeus - L. pardinus) and 

lynx from Ingarano, and closer size to extant and fossil Euroasian lynx (Fig. 103).  

 
Tab. 78- Cranial measurements of the fossil specimens of L. pardinus, L. issiodorensis valdarnensis, L. 
spelaeus (L. pardinus spelaeus), L. lynx and extant L. pardinus and L. lynx 
 
 
 

Species Site Specimen number References Age Total length
Condylobasal 

length
Zigomatic 

width
Sagittal 

crest length

L. pardinus Ingarano MGPUTV135415 This work Late Pleistocene 157.6 148.6

L. pardinus Ingarano ING75 This work Late Pleistocene 117.2

L. i. valdarnensis Olivola IGF4399 This work Early Pleistocene 148.0

L. i. valdarnensis Valdarno Superiore IGF 12777 This work Early Pleistocene 155.0 139.0 111.1 51.9

L. i. valdarnensis Pantalla SBAU337653 Cherin et al. (2013) Early Pleistocene 147.0 140.0 102.0

L. issiodorensis Pirro Nord DE 04 Liv II This work Early Pleistocene 151.9

L. spelaeus Escale H7622 This work Middle Pleistocene 138.0 132.5 119.0

L. spelaeus Escale B611 This work Middle Pleistocene 145.0

L. spelaeus Grotta del Principe
Specimen without catalogue 
number

Boule (1909) Late Pleistocene 128.0

L. spelaeus Grotta dell'Observatoire level a-b
Specimen without catalogue 
number

Boule and Villenueve (1927) Late Pleistocene 128.0 100.0

L. spelaeus Grotta dell'Observatoire level a-b
Specimen without catalogue 
number

Boule and Villenueve (1927) Late Pleistocene 124.0

L. spelaeus Puech-Margal
Specimen without catalogue 
number

Kurtèn and Granqvist (1987) Late Pleistocene 155.0 119.0

L. pardinus Avenc Marcel IPS 4170 Boscaini et al. (2015) Early Pleistocene 12.5

L. lynx Pagolusieta
Specimen without catalogue 
number

Altuna (1980) Late Pleistocene 164.0 145.0 118.0

L. lynx Arene Candide
Specimen without catalogue 
number

Cassoli and Tagliacozzo (1994) Late Pleistocene 114.0

L. lynx Lynx Cave H2M Werdelin (1981) Late Pleistocene 143.0 98.0

L. lynx Sewell's Cave BM M13/36 Werdelin (1981) Late Pleistocene 158.0 141.0 110.0

L. lynx Sewell's Cave BM Werdelin (1981) Late Pleistocene 160.0 147.0

L. lynx Col d'Aran
Specimen without catalogue 
number

de Beaufort (1965) Late Pleistocene 160.0 145.0 105.0

L. lynx Rèseau du Cèbèri
Specimen without catalogue 
number

Clot and Besson (1974) Late Pleistocene 152.0 139.0 101.9

L. lynx Grotta dell'Observatoire levels A-F
Specimen without catalogue 
number

Boule and Villenueve (1927) Late Pleistocene 140.0

extant L. pardinus Spain
Werdelin (1981);                    
Garcìa-Perea (1996)

130.2                           
(119.0-142.0; 

n=  13)

118.6                             
(109.4 - 128.0; 

n = 12)

92.3                                   
(81.0 - 101.0;     

n = 17)

21.1                                  
(14.0 - 28.0; 

n = 29)

extant L. lynx Europe
Werdelin (1981);                
Garcìa-Perea (1996)

146.7                                   
(127.0 - 167.0;   

n=146)

133.4                             
(120.0 - 147.0; 

n = 111)

100.9                                 
(85.0 - 115.0; 

n=157)

49.5                                 
(22.0 - 73.0; 

n = 59)
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Fig. 103 - Box plot of variation length of P4 L(a), and M1 L(c) from Ingarano Lynx issiodorensis, Lynx lynx, 

extant Lynx lynx, Lynx pardinus, extant Lynx pardinus and Lynx spelaeus (see Tab. SD3 for the considered 

sample). Table of p-value of Kruskall-Wallis test of P4L (b) and M1l (d). 
 

Results 

Kruskall-Wallis test performed on the several datasets reveal various differences in length 

of upper and lower carnassial in fossil and extant lynx populations (Tab. 79).  The biometrical 

comparative analyses on P4L and M1L revealed relevant difference in size between Ingarano 

and the other lynx populations, as reported in Fig. 103. The length of the P4 from Ingarano 
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resulted closer to that of the fossil L. pardinus (p value = 0.358) and thus differing from the 

other forms of lynx considered, even if L. spelaeus has a p.value just below the threshold to 

reject the null hypothesis (p value = 0.03). The size of upper carnassial of L. issiodorensis 

is similar to fossil (p value = 0.938) and extant L. lynx (p value = 0.599). The length of M1 is 

closer to fossil L. pardinus (p value = 0.141) and L. spelaeus (p.value = 0.284), and thus 

differing from the other forms of lynx. The size of lower carnassial of L. issiodorensis is 

smaller than fossil (p value = 0.003) and extant L. lynx (p value = 0.00).  

We were not able to recover any reliable genetic sequence with this PCR-Sanger 

sequencing approach. However, the Next Generation Sequencing techniques open up the 

possibility to test these samples again in the future.  

 

Discussion 

Taxonomy 

The taxonomic status of pardel lynx was long debated among the specialists, and only 

recent molecular studies (Beltran et al., 1996) confirmed the validity of the L. pardinus as a 

separate species. Recently, a number of studies focused on the morphological diagnosis of 

pardel lynx (Boscaini et al., 2015, 2016). The results of these researches highlighted that 

there are no biometrical and morphological features distinguishing the lynx remains 

attributed to several taxa of the pardel evolutionary lineage (L. pardinus, L. p. spelaeus and 

L. spelaeus). The fossil pardel lynx shared many features with the extant L. pardinus 

emphasising the closer relationship, such as the long and parallel temporal ridges terminate 

in a short sagittal crest; the confluence of foramen lacerum posterium and the anterior 

condyloid foramen into a single depression, just behind the auditory bulla (Van den Brink, 

1971; García-Perea et al., 1985; García-Perea, 1996; Larivière and Walton, 1997; Bosciani 

et al., 2016) (Fig. 104).  

The two taxa would seem to be separated mainly on the basis of body-size, with the extant 

species affected by smallest dimensions. These morphological characters have not been 

observed in the L. lynx evolutionary lineage, where the temporal ridges are short and they 

culminate in a long sagittal crest, while the two foramina are separated by a strong septum 

(Boscaini et al., 2016) (Fig. 104).  The other characters of pardel lynx are the well-marked 

interorbitary convexity, a peculiar morphology of preshenoid bone, the high and rounded at 

the top parietal bones and the almost missing of metaconid of M1 (Garcìa-Perea et al. 1985; 

Boscaini et al., 2016) (Fig. 104). Furthermore, the well-marked distal cingulum of P4 was 

considered a peculiar feature of the Middle Pleistocene pardel lynx from Southern France, 
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enough to considered this form as a valid species (L. spelaeus – L. pardinus spelaeus) 

(Bonifay, 1971; Testu, 2006). The review of the Early Pleistocene materials from Vallparadìs 

and Cueva Victoria (Spain) (Boscaini et al., 2016) led to consider this morphology of poor 

taxonomic values, due to its strong intraspecific variability. This hypothesis would seem to 

be confirmed by Altuna (1972), since the lynx sample referred to L. pardinus from the 

Magdalenian site (latest Late Pleistocene) of Ermittia (Guipùzcoa) possess this feature of 

P4.  

 
Fig. 104 – 1: cranium of Lynx pardinus; 2: cranium of Lynx lynx. Cranium figured in dorsal (a) and ventral (b) 

views. Scale bar dorsal view 5 cm and ventral view 1 cm. 1b and 2b: details of auditory region: yellow arrows 

indicate the posterior lacerum foramen and blue arrow indicates the anterior condyloid foramen (modfied from 

Boscaini et al., 2016).  

For the taxonomic identification of Ingarano lynxes, the methodology proposed in recent 

studied (Boscaini et al., 2015, 2016) was adopted. The crania show several features 

resembling to the fossil pardel lynx specimens from Avenc Marcel (IPS 4170, Boscaini et 

al., 2015), layers “a-b” of the Grotta dell’Osservatorio (specimen without catalogue number, 

Boule and Villenueve, 1927), Grotta del Principe (specimen without catalogue number, 

Boule, 1909) and l’Escale (B611 and H7622). These characters are the short sagittal crest, 
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the long and parallel temporal ridges and the confluence of foramen lacerum posterium and 

the anterior condyloid foramen into a single depression (Fig. 103). The studied materials 

also show some other peculiar characteristics, like a well-marked interorbitary convexity, the 

high and rounded at the top of parietal bones and a low percentage of metaconid of the 

distal margin of protoconid blade of M1, which allow to ascribe these specimens to pardel 

lynx (Fig. 103). In this framework, the large fossil sample from Ingarano allows to test the 

hypothesis proposal recently in literature (Boscaini et al., 2015, 2016). The main diagnostic 

features to identify the pardel lynx proposed by the last authors are found in the whole of 

studied material. In addition, based on the large sample from Ingarano, we also suggest that 

the interorbitary convexity, the low percentage of metaconid on the distal margin of 

protoconid blade of M1 and the high and rounded at the top parietal bones are reliable 

features for the taxonomy. Boscaini et al. (2016) suggested that L. spelaeus (or L. pardinus 

spelaeus) should be synonymized with L. pardinus, considering that they show the same 

diagnostic features, and the highly variable distal cingulum on P4 has a scanty taxonomic 

value. In Ingarano sample, the distal cingulum of P4 is also variably represented, confirming 

the weakness of this features for taxonomic purposes.   

The results of the statistical analysis suggest that the body-size of the extant L. pardinus is 

smallest than European fossil Lynxes and extant Eurasiatic lynx. According to Kurtèn (1978), 

the body size of the Middle Pleistocene pardel lynx was larger than to extant L. pardinus 

and nearly as large as the extant and fossil Lynx lynx. According to the conservation studies 

(Von Arx and Breitenmoser-Wursten, 2008; Simon et al., 2012; Simon, 2013; among others), 

the extant pardel lynx represents an endemic and highly derived form, that has suffered a 

strong reduction of its areal during the last century, achieving an historical low of the 

specimens of just 30-40 during the 1970s (Salvadori & Florindo, 1978). Its decline makes 

difficult considered this carnivore as a model for the biometrical comparison and analysis. 

However, our statistical analysis results suggest that from L. issiodorensis through 

intermediate forms of fossil pardel lynx, L. spelaeus (L. pardinus spelaeus)-  L. pardinus, 

and extant L. pardinus, were affected by a gradual size reduction. These data support the 

Werdelin hypothesis (1981) concerning the evolutionary trend of pardel lynx lineage. 

Furthermore, the craniodental morphological features of fossil pardel lynx show no 

differences from extant L. pardinus, excepted for their dimensions and proportions. 

Therefore, in our opinion, the lynx materials chronologically referred from Early to Late 

Pleistocene ascribed to L. pardinus or L. spelaeus (L. pardinus spelaeus) should be 

attributed to L. pardinus, without distinction at the subspecies rank.  
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Paleobiogeography and paleoecology 

The first occurrence of pardel lynx is from Avenc Marcel at around 1.6-1.7 Ma from the 

Iberian Peninsula, and probably originated from an iberian population of Lynx issiodorensis 

(Hemmer, 1978; 2001; Boscaini et al., 2015). Since its first appearance, the pardel lynx 

shows a set of peculiar morphological characters suggesting an early dependence on small-

sized prey, as micromammals, especially the rabbit (genus Oryctolagus), birds and young 

ungulates (Boscaini et al., 2015). Nowadays, this carnivore survives only in restricted 

isolated areas of southwestern Spain, living in open woodland, thickets and dense scrub. 

From the Early Pleistocene, the pardel lynx was widespread in Europe, especially in the 

fossiliferous deposits of north-western Spain, southern France and north-eastern Italy, 

becoming a typical element of European carnivorans guild during the Middle-Late 

Pleistocene (Boscaini et al., 2016) (Fig. 105). Furthermore, a recent molecular study 

(Rodriguez-Valera et al., 2015) attested to the presence of both the European species in the 

latest Late Pleistocene site of the Arene Candide (north-west Italy). Previously large part of 

lynx sample of Arene Candide was attributed to Lynx lynx (Cassoli and Tagliacozzi, 1994a) 

and few remains to L. cf. spelaea, suggesting that a contemporary presence of the pardel 

and the Eurasian lynx was possible. The sample of Ingarano allows to extend the southern 

limit of the past distribution of the pardel lynx, proving that the current geographic range of 

this taxon is the result of a recent strong decline started in the latest Holocene. In fact, 

several specialists pointed out the last occurrence of this taxon outside the Iberian Peninsula 

in French fossil record until the Iron Stage (Holocene) (Gaignere, 1926; Vigne and Pascal, 

2003; Vigne, 2006;). In Italian Peninsula, during the Late Pleistocene the Eurasian lynx was 

spread, reaching the southern areas as demonstrated by molecular study conducted on the 

lynx remains from last glacial site of the Grotta della Madonna (MIS 2) (Rodriguez-Valera et 

al., 2015). The osteological similarities between the two species have influenced the 

previous classifications resulting in an overestimate of L. lynx species, as in the cases of 

Arene Candide and Ingarano. Considering the results of this work, the diagnostic characters 

to ascribe a lynx fossil sample at specific level are identifiable in the skull and dentition. For 

this reason, the reliable presence of fossil L. lynx are from the lastest glacial of Europe (MIS 

2), such as layers “A-G” of the Grotta dell’Osservatorio (Boule and Villenueve, 1927), Col 

d’Aran (de Beaufort, 1965), Rèseau de Cèbèri (Clot & Besson, 1974) and Arene Candide 

(Cassoli and Tagliacozzo, 1994a). 
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Fig. 105–Map of the site with the Lynx.  

- Early Pleistocene: Lynx issiodorensis: Spain: 1: Fonelas P-1, 2 Villaroya, 3 Puebla de Valverde; Germany: 4 

Untermassfeld, 5 Mosbach; Italy: 6 Garfagnana, 7, Filigne, Matassino, Olivola, Poggio Rosso Valdarno 

Superiore; 8 Argentario, 9 Pantalla, 10 Pirro Nord.  Lynx pardinus Spain: 11 Avenc Marcel, 12 Vall Paradis, 

13 Cueva Victoria Cal Guardiola, 15 Sierra de Quibas. Lynx spelaeus: France: 16 Vallonet 

- Middle Pleistocene: Lynx spelaeus: Spain: 17 Trinchera Dolina, 18 Villacastin; France: 19 Caune de l’Arago, 
20 Lunel Viel, 21 Escale, 22 Orgnac 3; 23 Grotte Vaufrey; Italy: 24 Valdemino, 25 Ponte Molle.  

- Late Pleistocene: Lynx pardinus: Spain: 12 Abric Romani, 18 Cueva del Buho, 26 Cau del Duc – El Muscle, 

27 Cova Matutano, 28 Pena de Estebanvela, 29 Cova Negra, 30 Almada, 31 Erralla, 32 Cova Toll, Portugal: 

33 Furinha – Casa do Moira, 34 Escoural, 35 Columbeira, 36 Caldeirao, 37 Prado des Salemas – Alargo do 

Casais; France: 19 Aldene – La Crouzade, 21 Abri Cornille, 38 Hortus, 39 Portel Ouest, 40 Baume Longue - 

Campfiel – Grotte Balauziere – Grotte de la Sartenette – La Salpetriere; Lynx pardinus spelaeus: Spain: 41 

Cueva del Puerto, 42 Avallanera; France: 43 Moula Guercy-Baume, 44 Grotta dell’Osservatorio;  Italy: 45 
Grotta del Principe, 46 Masseria del monte Conversano, 47 Monte Tignoso, 48 Arene Candide; Lynx lynx: 

Spain: 49 Cueva de Santimamine, 50 Los Casares; France: 51 Asson, 52 Mostayous – Du Col d’Aran; Italy: 

48 Arene Candide, 53 Riparo Fumane, 54 Grotta dei Colombi – Grotta di Equi, 55 Buca della Iena, 56 Grotta 

Polesini, 57 Grotta Sant’Agostino, 58 Grotta Tina di Camerota, 59 Grotta della Madonna, 60 San Sidero – 

Melpignano – Grotta delle Striare; Lynx sp.: France: 48 Grotte du Bourrouilla; 49 Valle Radice. 50 Ingarano.The 

symbols represented a chrnological scale: triangle (Early Pleistocene), square (Middle Pleistocene) and circle 

(Late Pleistocene).   
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6.8 Hyaenidae 
 
6.8.1 Crocuta crocuta 
 
The extant spotted hyaena Crocuta crocuta (Erxleben 1777) is a widely distributed in Africa, 

in the South of the Sahara. During the Pleistocene, this carnivore (genus Crocuta) also 

occurred over much of Eurasia and its disappearance from the European fossil record lacks 

clarity. According to Stuart & Lister (2014), the last occurrence of this carnivore in the 

northern Eurasian fossil record is at the end of the Last Glacial, with the latest survival in 

western Europe. The fossil remains from the Middle to Late Pleistocene from Eurasia of 

hyena has been assigned to subspecies of the African spotted hyenas such as Crocuta 

crocuta praespelaea Schütt, 1971, Crocuta crocuta intermedia, Crocuta crocuta petralonae 

Kurtén and Poulianos, 1977 and Crocuta crocuta spelaea (Goldfuss 1823) or even other 

authors considered them as a distinct species C. spelaea Soergel, 1937.  

Moreover, the most common and well documented form of spotted hyena from the Late 

Pleistocene of Europe is C. crocuta spelaea (e.g., Diedrich & Zack, 2006; Diedrich 2010; 

Gatta et al., 2016; among others). Even if some authors treat Crocuta spelaea as separate 

species (Markova et al., 1995; Baryshinikov, 1999; Bocherens et al., 2011; among others), 

its morphological features and biometric data fall into the variability of the extant spotted 

hyeana. Therefore, there is no evidences to support the cave hyena as separate taxon.  

Further, the subspecies C. crocuta spelaea indicates the fossil specimens from Late 

Pleistocene of Europe even if their morphological features and biometric data fall in the 

variability of the extant counterpart C. crocuta. Indeed, the holotype of cave hyena has been 

recently described by Diedrich (2008), but no significant differences has been reported.  

In addition, it has been demonstrated that the size variation in extant C. crocuta can be 

explained with the ecogeographical Bergmann’s Rule, which involves an increase in size 

with latitude (Kurtén, 1957; Klein & Scott, 1989). Similar trend has been noted by 

Baryshnikov (1999), with fossil remains of large-sized recovered in Northern Eurasian sites 

attributed to the Last Glacial. Nevertheless, Lister (2001) suggested the larger size of C. 

crocuta spelaea from the Last Glacial sites could have allowed them to hunt and handle 

somewhat larger prey items than modern African animals. 

Most of the presence of the spotted hyena from the Late Pleistocene of Europe is 

represented by coprolites. The Late Pleistocene C. crocuta probably, as well the extant one,  

marked their commuting den areas with fecal excretion (Diedrich, 2012). The study of extant 

hyena coprolites demonstrates at least seven different shaped single pellet types, whose 

form and consistency depend on the consumed meat, bone percentage and water content 
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of the feces (Diedrich, 2012). The fecal remains can be a great tool to reconstruct the 

palaeoenvironment, through the preservation organic matter including the pollen (Bearder, 

1977; Larkin et al., 2000; Scott et al., 2003). Consequently, the coprolites represent a 

valuable resource to palaoebotanical study, especially in cave contexts (Scott, 2000; 

González-Sampériz et al., 2003). The pollen contained in the coprolites is huge variable and 

depends mainly by the age of the samples, seasonality of deposition, sediment conditions, 

diet and behavior of carnivorans and their prey.  

For these reasons, in the last decades many authors focused on the study of coprolites for 

pollen analyses (botanical landscape reconstruction) and/or for radiocarbon dating (hyena 

extinction in Europe) (Petrucci et al., 2005; Diedrich, 2012; Stuart & Lister, 2013; Gatta et 

al., 2016). Nevertheless, several authors suggested that the results of the radiocarbon 

dating based on coprolites could underestimated the true age of the specimens, and more 

in general of the deposits (see Stuart & Lister, 2013 for the discussion).  

In Apulian, the pollen analysis from coprolites has been carried out from the Late Pleistocene 

site of Tana delle Iene (Petrucci et al., 2005; Gatta et al., 2016). The results provided cold 

and arid climatic conditions, but with a certain degree of humidity as indicated by the 

presence of plant taxa of steppe/grasslands and forest.  

In this work, the aDNA and palaoebotanical analyses of five coprolites (H1, H2, H3, H4, H5) 

from the Late Pleistocene site of Cardamone have been carried out. The aDNA has been 

extracted following Bon et al. (2012), with approximatively 1 gram for each sample. The 

mtDNA sequences have been compared with those of the international bank dataset and 

the following correspondences have been found:  

a) Crocuta crocuta (Hyaenidae) (H1); 

b) Bos taurus (H2, H3 H4 e H5); 

c) Bos primigenius (H2, H3 H4 e H5); 

d) Bison bonasus (H3); 

e) Bison schoetensaki (H3). 

Later, the sequences of the samples H2, H3 H4 e H5 have been manually aligned. 

Therefore, the aDNa of the samples can be referred to Bos prigeminius (JQ437479): 

- the mtDNA 16 S sequences of Bos taurus (MF925711) and Bos primigenius (JQ437479) 

differ only for two nucleotide locations, which do not fall in the analysed trait.  

- the mtDNA 16 S sequence of Bos primigenius e Bison schoetensaki (NC_033873) in the 

analysed trait differ only for two nucleotide locations;  
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- the mtDNA 16 S sequence of Bos primigenius e Bison bonasus (HM_045017) in the 

analysed trait differ only for four nucleotide locations;  

The comparison has been also carried out with the mtDNA 16 S sequences of Bison 

priscus (KX269109):  the mtDNA 16 S sequence of Bos primigenius e Bison priscus in the 

analysed trait differ only for two nucleotide locations. 

The results of these analyses demonstrate that one of the most common prey of the spotted 

hyena from Cardamone was B. primigenius.  

As said previously, the presence of C. crocuta is frequently documented by coprolites. This 

is the case of Grotta di Capelvenere, level G Grotta Romanelli, level VI of Grotta Mario 

Bernardini, level III of Grotta Uluzzo C, Grotta Laceduzza and Grotta Montani (Sorrentino, 

1980) (Tab. 78). However, fossil remains of hyena have been found in many deposits and, 

consequently, size variability of upper and lower teeth from late Middle to Late Pleistocene 

sites of Apulia has been investigated (Fig. 106-107; Tab. 79). Due to paucity of the sample, 

it is very difficult detected a variability pattern during the Middle to Late Pleistocene. 

Nevertheless, the sample from fossiliferous sites chronologically referred to MIS 4 and MIS 

3 show large-sized (Fig. 107; Tab. 80). Instead, the extant specimens are smaller than fossil 

ones. 
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Site Age Reference 
Melpignano MIS 9-8 This work 
San Sidero MIS 9-8 This work 
Grotta di Capelvenere MIS 9-8 This work 
Grotta Romanelli - I MIS 8 This work 
Grotta Romanelli - G MIS 7-5 This work 
Avetrana MIS 7-5 This work 
Grotta Mario Bernardini - VI MIS 7-5 This work 
Grotta Montani  ?MIS 7-5 Sorrentino (1980) 
Ingarano MIS 5-4 This work 
Grotta dei Giganti MIS 4 This work 
Grotta Zinzulusa - B6 MIS 4 This work 
Grotta B di Spagnoli MIS 4 Sala (1978) 
Grotta Laceduzza MIS 4-3 This work 
Grotta Uluzzo C - III MIS 3 This work 
Grotta della Jena MIS 3 This work 
Cardamone MIS 2 This work 
Grotta Zinzulusa B-5 MIS 2 This work 
Grotta Paglicci MIS 2 Boscato (1994) 
Grotta delle Mura MIS 1 Bon & Boscato (1993) 
Extant Crocuta crocuta   This work 

Tab. 79 – Crocuta crocuta from the Middle to Late Pleistocene fossiliferous sites of Apulia 
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Fig. 106 – The variation in size in genus Crocuta crocuta as indicated by the length of the upper third (a) and 
fourth (b) premolar. Age in millions of years and oxygen isotope curves (after Shackleton, 1995) on the left, 
next the fossiliferous sites and their suggested ages indicated by line. Symbol: circle - Middle Pleistocene; 
square – Late Pleistocene – Early Holocene.  
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Fig. 107 – The variation in size in genus Crocuta crocuta as indicated by the length of the lower fourth premolar 
(a) and first molar (b). Age in millions of years and oxygen isotope curves (after Shackleton, 1995) on the left, 
next the fossiliferous sites and their suggested ages indicated by line. Symbol: circle - Middle Pleistocene; 
square – Late Pleistocene – Early Holocene.  
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Fig. 108 – Boxplot of upper (a) and lower (b) carnassial of C. crocuta from the Middle to Late Pleistocene and 
extant specimens.  
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Age p-value 
P4 M1 

Extant 0.11 0.00 
MIS 2 0.83 0.92 
MIS 3 0.00 0.31 
MIS 4 0.00 0.27 
MIS 7-5 0.06  
MIS 8 0.48 0.97 

 
Tab. 80 – Upper and lower teeth p-value of the linear model with corner point parameterization testing the 
null hypothesis of no-differences between the mean of the populations of Crocuta crocuta from sites 
chronologically referred to MIS 9-8 and the sample Crocuta crocuta from sites chronologically referred to 
MIS 8-2 and extant specimens (p-value > 0.05). For the chronology see Tab. 79. 
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6.9 Mustelidae 
 
6.9.1. Meles meles – The case study of Grotta Laceduzza 

The badgers (Meles spp.) are mustelids widespread throughout the Palearctic region, from 

the Iberian Peninsula to the Japanese archipelago (Macdonald 2001; Proulx et al. 2016). 

This wide geographical distribution is reflected in a strong genotypic (Marmi et al. 2006) and 

phenotypic variability (Abramov 2003; Abramov and Puzachenko 2005, 2006; Abramov et 

al. 2009), which makes it difficult to define the taxonomic relationships among different 

species, representing nowadays one of the unresolved issues in the study of the Mustelidae 

family (Baryshnikov et al. 2003). Several authors (e.g., Corbet 1978; Nowak 1999; 

Wozencraft 1993) referred all badgers to a single species, Meles meles Linnaeus, 1758, 

while recent studies (Abramov 2001, 2002, 2003; Abramov and Medvedev 2003; 

Baryshnikov et al. 2003; Abramov and Puzachenko 2005, 2006) based on craniodental 

morphology, skull proportions, color patterns of the face marks, and baculum structure 

identify at least three distinct species: European badger Meles meles (in Europe and 

Southwest and Central Asia), Asian badger Meles leucurus Hodgson, 1847 (continental 

Asia), and Japanese badger Meles anakuma Temminck, 1844 (Japan). Recently, molecular 

phylogenetic studies (Del Cerro et al. 2010; Tashima et al. 2011) and morphometric 

investigations (Abramov and Puzachenko 2006, 2013) suggested that badgers from the 

Caucasus and Middle East could be considered as distinct species (Caucasian badger 

Meles canescens Blanford, 1875). Sexual dimorphism in European badgers is not marked 

like in other mustelids (e.g., Martes foina Erxleben, 1777 and Martes martes Linnaeus, 1758 

(De Marinis et al. 1990; Genovesi and De Marinis 2003; Loy et al. 2004), but despite this, 

several morphometric studies showed that only some skull characters display sexual 

dimorphism (Hysing-Dahl 1954; Wiig 1986; Abramov and Puzachenko 2005; Virgòs et al. 

2011). These characters strongly affect the overall size of the skull (condylobasal length, 

width of the rostrum, and zygomatic width) and that of the upper first molar and the upper 

canine. Abramov and Puzachenko (2005) studied the skull size variability in relation to the 

sex on European badgers, and showed that it is mainly due to variation in the female skull 

size. The large M. meles of Northern Europe are less sexually dimorphic than the small ones 

in the South (i.e., in Transcaucasia). On the basis of paleontological data, Kurtén (1968) 

hypothesized that the genus Meles probably evolved from Melodon during the Ruscinian 

(early Pliocene) in the temperate forests of Asia. Between the Early and Late Villafranchian 

(Late Pliocene–Early Pleistocene), these early representatives of the genus Meles spread 

westward into Europe (Neal and Cheeseman 1996) reaching the Iberian Peninsula before 
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the beginning of the first glacial stage (Plio-Pleistocene transition) (Madurell-Malapeira et al. 

2009). A recent review of the genus Meles based on the large fossil collection from 

Vallparadís Estació (Spain) (Madurell-Malapeira 2010; Madurell-Malapeira et al. 2011a), 

suggested that the remains of early to middle Villafranchian European badgers can be all 

referred to a single species, M. thorali. This taxon can be distinguished from M. meles mainly 

on the basis of cranial and dental features (Madurell-Malapeira et al. 2011a). M. thorali might 

have given rise to both the European and Asian badger lineages between the Late Pliocene 

and the Middle Pleistocene, as a possible consequence of geographic isolation of glacial 

refuges since the beginning of the glacial events (Madurell-Malapeira et al. 2009; Madurell-

Malapeira et al. 2011a). During the last century, several badger species/subspecies 

were established on the materials from the Late Villafranchian to Early Aurelian faunal 

assemblages of Europe (Meles thorali spelaeus Bonifay, 1971; Meles dimitrius Koufos, 

1992; Meles hollitzeri Rabeder, 1976; Meles atavus Kormos, 1914). Molecular data indicate 

that the split between extant European and Asian badgers likely occurred during the Middle 

Villafranchian (Early Pleistocene) (Marmi et al. 2006). The European lineage is considered 

the ancestor of extant M. meles and M. canescens, whereas the Asian lineage gave rise to 

the extant M. leucurus and M. anakuma (Abramov and Puzachenko 2013). All remains of 

badger from the Early to Middle Pleistocene have been considered as ecomorphotypes of 

the highly variable M. meles (Koufos 1992; Wolsan 2001; Baryshnikov et al. 2003; 

Villani et al. 2008). In Italy, the Late Villafranchian to Galerian (Early–Middle Pleistocene) 

fossil record is quite scarce and most of the specimens come from the northern-central part 

of the Peninsula (Palombo et al. 2001; Sardella et al. 2006; Petronio et al. 2011). The earliest 

record of the European badger is from the Late Villafranchian site of Pirro Nord (Pirro 10) 

(Apulia, Southern Italy), represented by a mandibular fragment (Pavia et al. 2012; Petrucci 

et al. 2013). This carnivore is reported from Late Pleistocene sites of Northern and Central 

Italy, such as Grotta della Fornace (Fabiani 1919), Buca della Iena (Pitti and Tozzi 1971), 

Buca del Tasso (Fabiani 1923), Grotta Cucigliana (Del Campana 1914), and Monte Croara 

(Pasini 1969), and some sites of Southern Italy such as Grotta Sant’Agostino (Tozzi 1970), 

Masseria del Monte Conversano (Anelli 1959), Melpignano (Bologna et al. 1994), San 

Sidero (Bedetti et al. 2004; Iurino et al. 2015), Avetrana (Petronio et al. 2008), and Ingarano 

(Iurino 2014). The remains are represented by fragmentary crania, hemimandibles, isolated 

teeth, and fragmentary postcranial elements that have never been studied in detail, with the 

exception of a splanchnocranium portion from Ingarano. According to Iurino (2014), this 
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fragmentary splanchnocranium belonging to an adult specimen is characterized by the small 

size and the complete lack of the alveoli of both the first and second upper premolars. 

The badger remains from Grotta Laceduzza (Apulia, Southern Italy), possibly representing 

the largest fossil sample in the European Pleistocene record, are here described for the 

first time. Morphological and morphometric comparisons with other fossils coming from the 

Italian and European Pleistocene sites and with extant specimen are presented in order to 

evaluate the craniodental variability of fossil and extant badgers. 

 
Referred material 

1 Cranium: LCD-20. 

2 Right hemimandibles: LCD-1 (fragment) and LCD-5 (fragment) 

7 Left hemimandibles: LCD-4 (fragment), LCD-7, LCD-15 (fragment), LCD-19, LCD-21 

(fragment), LCD-22 (fragment) and LCD-24 (fragment) 

3 Right upper canines: LCD-2, LCD-8 and LCD-17 

1 Left upper canine: LCD-18 

2 Left lower canines: LCD-3 and LCD-16 

3 Right lower canines: LCD-10, LCD-14 and LCD-29 

1 Left lower first molar: LCD-12 

1 Right humerus: LCD-23 

5 Right ulnas: LCD-6 (fragment), LCD-9 (lacking of distal epiphysis), LCD-11 (fragment), 

LCD-27 (fragment) and LCD-28 (fragment) 

1 Left ulna: LCD-26. 

2 Right femurs: LCD-13 (fragment), LCD-25 

 

Morphological description  

Cranium LCD-20 (Figs. 109 and 110; see measurements in Tab. 81) 

LCD-20 is a very well preserved cranium, except for the parietals and occipital bones which 

are incomplete as well as the basisphenoid. The cranium is elongated rostrocaudally with 

completely ossified sutures. In lateral view: the frontals are slightly convex and elevated 

above the rostrum; the wide infraorbital foramina are situated next to the mesial portion of 

the M1. In dorsal view, the postorbital constriction is narrow; the well-developed sagittal crest 

is anteriorly divided into two temporal lines ending laterally to the zygomatic processes of 

the frontals, while posteriorly it ends in an external occipital protuberance. In posterior view, 

the braincase has a rough surface and is short rounded with well-developed nuchal crests. 

In ventral view, the palate is broad and the palatine fissurae are short and extend anteriorly 
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up to the midpoint of the canine alveolus. The anterior borders of the tympanic bullae are 

aligned with the postglenoid processes.   

The specimen LCD-20 has permanent teeth. The incisors, the C1, P1, P2 and P3 are missing. 

The P4 displays a high and buccolingually compressed paracone, a distally elongated 

metastyle, a well-developed protocone and a lingual cingulum, running from the apex of the 

paracone to the lingual margin of the tooth, while the small cusp on the praecingulum is 

missing (A2 morphotype according to Baryshnikov et al. 2003; Fig. 111). The M1 has a 

trapezoid shaped crown and a talon strongly projected distally; this tooth displays a 

paracone slightly larger than metacone, a metaconule buccally situated relative to metacone 

and a short postprotocrista that does not reach the metaconule while the labial incision is 

missing (B3 morphotype according to Baryshnikov et al., 2003; Fig. 111). The M1 displays 

slightly worn crowns. 

 

 
Fig. 109 –  Cranium (LCD-20) of Meles meles from Grotta Laceduzza in dorsal (a), ventral (b) right lateral (c), 

left lateral (d), frontal (e) and nuchal (f) views.  
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Craniodental measurements mm 
Tl 125.3 
Cbl 123.1 
Bl 114.7 
Nl 111.9 
Unl 76.3 
Bl 75.8 
Lls 32.4 
Pl 68.3 
Lsc 59.1 
Gab 21.2 
Lab 12.7 
Gmb 55.5 
Zb 72.9 
Gpb 41.2 
Wr 28.3 
Goc 32.7 
Gfm 14.5 
Gnb 46.0 
Fb 32.2 
Lbo 31.3 
Bpc 24.8 
Fbif 28.7 
Glo 15.7 
Gho 13.3 
Hoc 36.9 
Ucr 35.0 
LP4 9.0 
WP4 8.0 
LM1 14.9 
WM1 12.9 

 

Tab. 81 - Cranium and upper teeth 

measurements (mm) of Meles meles from Grotta 
Laceduzza. 

 

 

 

 

 

 

Fig. 110 –P4 and M1 (1, right and 2, left) of the cranium (LCD-20) of Meles meles from Grotta Laceduzza in 

buccal (a) and occlusal (b) views. M1 of 6 hemimandibles and 1 isolated tooth of Meles meles from Grotta 

Laceduzza in lingual (a), buccal (b) and occlusal (c) views. Left M1: 3 (LCD-22), 4 (LCD-7), 5 (LCD-19), 7 
(LCD-24), 8 (LCD-4) and 9 (LCD-12); right M1: 6 (LCD-5). 
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Fig. 111 - Morphotypes of the P4 (A1-4) and the M1 (B1-4) (modified from Baryshinikov et al. 2003).  A1 — a 

small cusp on precingulum and a well-developed lingual ridge of paracone; A2 — a small cusp lacking, 

lingual ridge expressed; A3 — both the cusp and ridge absent; A4 — a small cusp expressed, lingual ridge 

absent. B1 — well-developed labial incision between the metacone and metaconule, long postprotocrista 

reaching metaconule or crown lingual margin; B2 — well-developed incision between metacone and 

metaconule, short postprotocrista not reaching metaconule or crown lingual margin; B3 — labial incision 
absent, short postprotocrista; B4 — outer incision absent, long postprotocrista reaching metaconule or crown 

lingual margin. Abbreviations: Par - paracone, Prt - protocone, Met - metacone, Metl - metaconule, Mst - 

metastylar blade. 

 

Hemimandibles LCD-1, LCD-4, LCD-5, LCD-7, LCD-15, LCD-19, LCD-21, LCD-22 and  

LCD-24 (Figs. 110 and 112; see measurements in Tab. 82, measurements cannot be 

detected in LCD-15 and LCD-21)  

The specimens have permanent teeth except for LCD-1. The preservation state has 

obviously influenced the number of characters recorded for each hemimandible. The 

number, size and position of mental foramina are very variable from one specimen to the 

other. The corpora show a slightly convex ventral profile in lateral view, with an inflection 

point at the distal end of the M2. The position of the mesial border of the masseteric fossae 

does not reach the distal side of the M2, except in the case of LCD-19. Shape and size of 

the angular process are highly variable in relation to the age: big and stout in LCD-7, LCD-

24 and LCD-19 and small and slender in LCD-1. 

The incisors are not preserved, only LCD-19 possesses the lower canine. Most of the 

hemimandibles (LCD-1, LCD-4, LCD-5, LCD-7, LCD-19 and LCD-22) preserve the P1 

alveolus; it was not possible to record the presence of the P1 alveolus in the other 
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hemimandibles due to fragmentation. The P2 (LCD-7, LCD-19 and LCD-22) and P3 (LCD-5) 

show a mesially projected protocone in buccal view, while distal or labial cingula or 

accessory cusps are absent. The roots of the P2 are unfused. Also, the P4 (LCD-4, LCD-5, 

LCD-7, LCD-19 and LCD-22) does not display distal or labial cingula or accessory cusps 

and its protocone is symmetric and stouter in buccal view. The M1 (LCD-4, LCD-5, LCD-7, 

LCD-19 and LCD-22) displays a talonid relatively longer than the trigonid. The metaconid is 

the smallest cusp on the trigonid, while the hypoconid, mesiodistally elongated, is the largest 

and highest cusp of the talonid. Only LCD 19 preserves the M2, which is characterized by a 

rounded occlusal outline and a deep talonid basin. The wear of the M1 crown is very low in 

LCD-4 and LCD-19, moderate in LCD-24, advanced in LCD-7 and very marked in LCD-5 

and LCD-22. The wear of the M2 crown is advanced in LCD 19.  

 

Isolated teeth - upper canines: LCD-2, LCD-8, LCD-17 and LCD-18; lower canines LCD-3, 

LCD-10, LCD-14, LCD-16 and LCD-29; lower first molar LCD-12 (Figs. 110 and 112; see 

measurements in Tab. 82)  

In the studied sample, four upper and six lower isolated permanent teeth are reported. The 

upper canines are stout and almost straight. The lower canines are robust and possess a 

marked distal ridge in buccal view. All of them show slightly worn crowns. The lower first 

molar LCD-12 possesses a talonid relatively longer than the trigonid and the metaconid is 

the smallest cuspid on the trigonid. The hypoconid, mesiodistally elongated, is the largest 

and highest cuspid of talonid. The crown wear of LCD-12 is advanced. 
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Hemiandible 
measurements 

LCD-
19 

LCD-
22 

LCD-
24 

LCD-
7 

LCD-
4 

LCD-
5 

LCD-
1 

LCD-
2 

LCD-
8 

LCD-
17 

LCD-
18 

LCD-
3 

LCD-
10 

LCD-
14 

LCD-
16 

LCD-
12 

Tl 88.0   83.1   60.2          
Lai 80.2 74.8  75.6             
Lcr 54.5   53.1             
LC1M2 51.8 48.2  49.4             
LP2M2 39.8 40.0  40.4             
LP2M1 34.5 32.8  34.5 34.0            
Hvr 41.7 40.4 37.9 39.1             
HM1 14.3 13.4 14.7 12.9 14.9 13.6           
HC1 16.9 15.2  14.4 17.1 15.8           
Tc 20.5     16.5     20.2                   

Dental 
measurements                                 

LC1        8.6 8.2 7.4 7.0      
BC1        6.6 5.8 6.2 5.2      
LC1 9.9           7.5 8.9 7.6 7.3  
BC1 6.8           5.5 6.3 5.3 5.4  
LP2 4.7 4.5  4.2             
BP2 3.7 3.2  3.2             
LP3      5.9           
BP3      3.7           
LP4 6.8 7.1  7.3 7.4 6.8           
BP4 4.2 3.8  3.9 4.1 4.1           
LM1 18.9 17.8 16.4 17.3 17.8 18.3          17.3 

BM1 8.1 8.0 7.3 7.5 8.2 7.9          8.0 

LM2 5.7                
BM2 6.2                               

 

Tab. 82 – Hemimandible and lower tooth measurements (mm) of Meles meles from Grotta Laceduzza. 
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Fig. 112 – P4 and M1 (1, right and 2, left) of the cranium (LCD-20) of Meles meles from Grotta Laceduzza in 

buccal (a) and occlusal (b) views. M1 of 6 hemimandibles and 1 isolated tooth of Meles meles from Grotta 

Laceduzza in lingual (a), buccal (b) and occlusal (c) views. Left M1: 3 (LCD-22), 4 (LCD-7), 5 (LCD-19), 7 

(LCD-24), 8 (LCD-4) and 9 (LCD-12); right M1: 6 (LCD-5). 
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Postcranial bones - humerus LCD-23; ulnas: LCD-6, LCD-9, LCD-11, LCD-26, LCD-27 and 

LCD-28; femurs: LCD-13 and LCD-25 (Fig. 113; see measurements in Tabs 83 and 84). 

Humerus: it is stout and the diaphysis is straight. The proximal epiphysis is characterized by 

a round articular head proximally projected, the robust greater tubercle is proximo-laterally 

projected, while the lesser tubercle is reduced as well as the intertubercular groove. In 

anterior view, the diaphysis displays a well-marked deltoid tuberosity and a crest proximo-

distally elongated. In posterior view, the well-pronounced epicondylar crest is laterally 

projected. The supracondylar foramen has an oval outline, with a robust and thick medial 

margin. The distal epiphysis possesses a deep olecranon fossa with a proximo-distally 

oriented lateral border and a stout medial and weak lateral epincondyle. The olecranon fossa 

is rounded and wide.  

 

  TL Bp Dp SD SdD Bp Dp 
LCD-23 98.2 21.7 26.8 10 10.9 28.7 15.7 
LCD-13  28.2 13.2 9 8.8   
LCD-25 108.9 29.7 13.7 10.8 8.7 23.4 21.4 

 
Tab. 83 – Humerus and femurs measurements (mm) of Meles meles from Grotta Laceduzza. 

 

  Tl Bla Bra Doa Sbo Sdo Sdao Ghg 
LCD-6  6.5 9.5 14.7     
LCD-9  10 10.1 14.1 12.4 14.2 14.5 6.3 
LCD-
26 99.8  9.3 12.9 10.3 12.1 12 10.7 
LCD-
27    14.1   13.1 12.6 
LCD-
28       11.4 6.7 7.2 13.8 9.6 

 

Tab. 84 – Ulnas measurements (mm) of Meles meles from Grotta Laceduzza 
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Fig. 113 – Postcranial bones of Meles meles from Grotta Laceduzza. Right humerus (LCD-23) in cranial (1a) 

palmar (1b) and right lateral (1c) views. Right ulna (LCD-9) in right lateral (2a) and left lateral (2b) views. Left 

ulna (LCD-26) in right lateral (3a) and left lateral (3b) views. Right femur (LCD-25) in cranial (4a) palmar (4b) 

and medial (4c) views. Right femur (LCD-13) in cranial (5a) palmar (5b) and medial (5c) views. Scale bar 3 

cm.  
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In order to perform morphological and morphometric comparison, the data on fossil badgers 

from the late Villafranchian to Aurelian (Early-Late Pleistocene) of Austria, France, 

Germany, Greece, Italy, Spain, Romania, and Caucasian region have been used (Tab. 85). 

Literature data also for the extant badgers coming from the following geographic regions 

according to Abramov and Puzachenko (2005) and Abramov et al. (2008): south-western 

Norway, main Fennoscandia (eastern Norway, Sweden and southern Finland) and 

Transcaucasia (Transcaucasia, South Turkmenistan and Pamir) have been used.  

 
Country Site Age Reference 

Germany 

Erpflingen Early Pleistocene Heller 1958 
Untermassfeld Early Pleistocene Wolsan 2001 
Heppenloch Middle Pleistocene Adam 1975 
Mosbach Middle Pleistocene Adam 1975 
Husarenhof Middle Pleistocene Adam 1975 
Vogelherd Late Pleistocene Adam 1975 
Sibyllen-Holhe Late Pleistocene Adam 1975 

France 

Le Vallonnet Early Pleistocene Petrucci et al.  2013 
L’Escale Middle Pleistocene Bonifay 1971 
Chateau Middle Pleistocene Argant and Mallye 2005 
Fage  Middle Pleistocene Hugueney 1975 
Lazaret Middle Pleistocene Valensi 2012 
Lunel Viel Middle Pleistocene Bonifay 1971 
Romain La Roche Middle Pleistocene Fosse and Fourvel 2010 
Rigabe Middle/Late Pleistocene Bonifay 1971 
Grotte de Pondres  Late Pleistocene Paulus and Tron 1945 
Grotte de la Sartenette Late Pleistocene Paulus and Tron 1945 

Austry Deutsch-Altenburg 2 Early Pleistocene Rabeder 1976 
Romania Betfia 5 Early Pleistocene Kormos 1914 

Italy 

Pirro Nord Early Pleistocene Petrucci et al. 2013 
G.R.A. km 2 Middle Pleistocene Caloi and Palombo 1986 
Torre in Pietra Middle Pleistocene Caloi and Palombo 1978 
Buca della Iena Late Pleistocene Pitti and Tozzi 1971 
Grotta Cucigliana Late Pleistocene Del Campana 1914 
Grotta della Fornace Late Pleistocene Fabiani 1919 
Masseria del Monte 
Conversano Late Pleistocene Anelli 1959 

Spain 

Fuente Nueva 3 Early Pleistocene Madurell-Malapeira et al. 2011b 
Vallparadís Estació  Early Pleistocene Madurell-Malapeira et al. 2011a 
Trinchera Dolina Middle Pleistocene Garcìa and Arsuaga 1998 
Villacastìn Middle Pleistocene Arribas 1994 
Urtiaga Late Pleistocene Altuna 1972 

Greece 

Gerakarou Early Pleistocene Koufos 1992, 2018 
Apollonia Early Pleistocene Koufos and Kostopoulos 1997 
Petralona Middle Pleistocene Kurtén and Poulianos 1977 
Apidima Late Pleistocene Tsoukala 1999 

Georgia 
Kudaro1 Middle Pleistocene Baryshnikov 2009 
Kudaro3 Late Pleistocene Baryshnikov 2009 

Armenia Azokh Late Pleistocene Van der Made et al. 2016 
 

Tab. 85 – Literature data on fossil badgers from the Pleistocene sites of Europe (Germany, France, Austria, 

Romania, Italy, Spain and Greece) and Caucasian region (Georgia and Armenia). 
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Morphological comparison 

The development of sagittal crest and zygomatic processes of the frontal bone have been 

used as diagnostic characters for the species identification (Arribas and Garrido 2007). 

However, according to Madurell-Malapeira et al. (2011a), these characters are affected by 

both sexual dimorphism and ontogenetic stage, therefore they should not be considered for 

taxonomic purposes. The infraorbital foramina of the specimen LCD-20 resemble those of 

M. meles due to their large size and position (situated under the mesial end of the M1). 

These foramina are small-sized and placed under the P4 in M. thorali. The position of the 

anterior border of the tympanic bullae is aligned with the postglenoid processes as in M. 

meles, whereas in M. thorali it is situated behind the postglenoid processes. The upper 

fourth premolar resembles that of M. meles by the absence of a small cusp on the 

praecingulum and the presence of a marked lingual ridge (A2 category of Baryshinikov et 

al. 2003; Fig. 5). In the first upper molar, labial incision is lacking and the postprotocrista is 

short, as in M. meles (B3 category of Baryshinikov et al. 2003; Fig. 5). Such conditions can 

be exceptionally observed in M. anakuma and they differ from those of M. thorali (A2/B1 

category of Baryshinov et al. 2003). The first premolar is normally present (58,5% of the 

European sample analyzed by Baryshinikov et al. 2003), while it is generally absent in Asian 

badgers (Baryshinikov et al. 2003; Madurell-Malapeira et al. 2011a). 

Also, the hemimandibles from Grotta Laceduzza resemble those of fossil and extant M. 

meles by the presence of the first premolar alveolus, the unfused roots of the P2 and the M1 

talonid relatively longer than the trigonid. The position of the mesial border of the masseteric 

fossa is highly variable in the genus Meles and therefore has no taxonomic value (Madurell-

Malapeira 2010; Madurell-Malapeira et al. 2011b). A strong variability of this character has 

been recorded also in the studied material, confirming that this feature is basically unreliable 

for taxonomic purposes. 

 

Morphometric comparison  

The badger remains from Grotta Laceduzza were compared with the fossil populations of 

M. meles from middle Villafranchian to Aurelian European fossiliferous sites. 

The Tl of LCD-20 specimen is smaller than Early Pleistocene cranium from Apollonia 

(Koufos and Kostopoulos 1997; Koufos 2018), late Middle - Late Pleistocene cranium from 

Rigabe (Bonifay 1971), and Late Pleistocene cranium from Grotte de Pondres (Paulus and 

Tron 1945) and Grotta della Fornace (Fabiani 1919), while the Cbl is larger than Early 

Pleistocene cranium from Vallparadís Estació (Madurell-Malapeira et al. 2011a) (Tab. 84).  
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The size of the upper carnassial of LCD-20 is similar to that of Early Pleistocene M. meles 

specimens from Vallparadís Estació (Madurell-Malapeira et al. 2011a) and Apollonia 

(Koufos and Kostopoulos 1997; Koufos 2018), and to that of the Late Pleistocene specimens 

from Grotta della Fornace (Fabiani 1919); it is larger than that of the Early Pleistocene 

specimens from Gerakarou (Koufos 1992, 2018) and of  that of the Middle Pleistocene of 

Lazaret (Valensi 1994) and Fage (Hugueney 1975); finally it is smaller than the carnassials 

of the Early Pleistocene specimens from Untermassfeld (Wolsan 2001) and of those of the 

Middle Pleistocene from Lunel-Viel (Bonifay 1971) (Tab. 86). 

 

Site Catologue number Age  References Tl Cbl LP4 

Grotta Laceduzza LCD-20 Late 
Pleistocene In this work 125.3 123.1 9.0 

Untermassfeld IQW 1994/24 619 (ex Mei. 24 
148) 

Early 
Plesitocene Wolsan 2001   9.7 

Gerakarou GER-159 Early 
Plesitocene Koufos 1992, 2018   7.8 

Gerakarou GER-160 Early 
Plesitocene Koufos 1992, 2018   8.2 

Apollonia APL544 Early 
Plesitocene Koufos and Kostopoulos 1997 132.0 125.0 9.0 

(n=2) 

Apollonia APL545 Early 
Plesitocene Koufos and Kostopoulos 1997  8.8 

Vallparadís Estació  EVT-240058 Early 
Plesitocene Madurell-Malapeira et al. 2011a 121.0 

8.8-
9.0 

(n=2) 

Lunel-Viel 9-2930 Middle 
Pleistocene Bonifay 1971   10.5 

Fage N 40 973 Middle 
Pleistocene Hugueney 1975   8.4 

Lazaret P14-644 Middle 
Pleistocene Valensi 2012   8.5 

Rigabe 112 Middle/Late 
Pleistocene Bonifay 1971 130.0   

Grotte de Pondres  No catalogue number Late 
Pleistocene Paulus and Tron 1945 140.0   

Grotta della Fornace  No catalogue number Late 
Pleistocene Fabiani 1919 129.5 126.0 9.0 

Tab. 86 - Total length (Tl), condylobasal length (Cbl) and length of upper carnassial (LP4) (mm) of the Meles 

meles from several Pleistocene European sites. 

 

The M1 size of M. meles from all the considered Pleistocene sites shows a large variability 

(Fig. 114a, b). In particular, the size of the first upper molar from Grotta Laceduzza is closer 

to that from Grotta della Masseria del Monte (specimen without catalogue number, LM1= 

14.7 mm). The lower carnassial variability is huge (Fig. 114a, c). The Grotta Laceduzza first 

lower molars are larger than those of other Late Pleistocene specimens. 
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Fig. 114 - a: Map of the following Pleistocene European sites where badger remains were found: Central 

Europe (circle): 1 Deutsch-Altenburg; 2 Betfia 5; 3 Erpflingen; 4 Untermassfeld; 5 Mosbach; 6 Husarenhof; 7 

Vogelherd; 8 Sibyllen-Holhe;  9 Heppenloch; Spain (hexagon) 10 Fuente Nueva 3; 11 Vallparadís Estació; 12 

Trinchera Dolina; 13 Villacastin; 14 Urtiaga; France (square) 15 Le Vallonet; 16 L'Escale; 17 Chateau;  18 

Lunel-Viel; 19 Fage; 20 Roman la Roche; 21 Lazaret; 22 Rigabe; 23 Grotte de Pondres; 24 Grotte de la 

Sartenette; Greece (triangle) 25 Gerakarou; 26Apollonia; 27 Petralona; 28 Apidima; Italy (inverted-triangle) 29 
Pirro Nord; 30 G.R.A. km 2; 31 Torre in Pietra; 32 Grotta Cucigliana; 33 Buca della Iena; 34 Grotta della 

Masseria del Monte; 35 Grotta della Fornace; Caucasian region (rhombus) 36 Kudaro 1; 37 Azokh; 38 Kudaro 

3; star: Grotta Laceduzza.  

Average length of the M1 (b) and the M1 (c) of Meles meles from Grotta Laceduzza and other fossiliferous  

sites reported in the map in relation to the age (absolute value in white and average value in grey). 

 

The M2 from Grotta Laceduzza is closer in size to the specimens from the Early Pleistocene 

of Fuenta Nueva 3 (Madurell-Malapeira et al. 2011b) and from the Middle Pleistocene of 

Fage (Hugueney 1975); it is smaller than the materials from Vallparadís Estació (Madurell-

Malapeira et al. 2011a), from Middle Pleistocene of Erpflingen (Heller 1958), Heppenloch 

(Adam 1975), Romain La Roche (Fosse and Fourvel 2010) and L’Escale (Bonifay 1971) and 

from Late Pleistocene of Grotta della Fornace (Fabiani 1919) (Tab. 87).  

 

 
Site Specimen number Age  References M2  

Grotta Laceduzza LCD-19 Late Pleistocene In this work 5.7 

Fuenta Nueva 3 FN3 2005 V92 142 Early Aurelian  
Madurell-Malapeira et al. 
2011b 5.6 

Vallparadís Estació  EVT23914 Early Aurelian  
Madurell-Malapeira et al. 
2011a 6.1 

Erpflingen  
No catalogue 
number Middle Pleistocene Heller 1958 5.9 

Heppenloch 
No catalogue 
number Middle Pleistocene Adam 1975 6.0 

Romain La Roche RO.1981 1891 Middle Pleistocene Fosse and Fourvel 2010 6.1 

L’Escale H-0493 Middle Pleistocene Bonifay 1971  6.1 

Fage N 38 892 Middle Pleistocene Hugueney 1975 5.7 

Husarenhof 
No catalogue 
number Late Pleistocene Lehmann 1954 5.8 

Vogelherd 
No catalogue 
number Late Pleistocene Lehmann 1954 5.6 

Sibyllen-Hohle 
No catalogue 
number Late Pleistocene Lehmann 1954 6.0 

Grotta della Fornace 
No catalogue 
number Late Pleistocene Fabiani 1919 6.2 

Tab. 87 - Length of the M2 (mm) of Meles meles from several Pleistocene European sites. 
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The LCD-20 from Grotta Laceduzza was also compared with the extant populations of 

European badger. The cranium is similar in Cbl to the males of the Transcaucasian 

populations and is narrower (Gmb, Zb and Wr) than male specimens of the other extant 

populations (Fig. 115). The LCD-20 is similar in size (Cbl, Gmb and Zb) to the females of 

the main Fennoscandian, south-western Norwegian and Italian populations (Fig. 115). 

 
 

 
 
Fig. 115 - Log-ratio diagram of selected upper dental (a-b) and cranial variables (c-d) measured on samples 

from extant populations of Meles meles (south-western Norway, main Fennoscandia, Central Europe, Italy, 

Transcaucasia); reference baseline: Late Pleistocene M. meles from Grotta Laceduzza (specimen LCD-20). 

See Materials and methods for abbreviations. 
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Sexual dimorphism and sex attribution 

The Cbl measured on males of the extant European badge is 2-5% higher than that 

observed in females, and a similar difference has been also reported for the width of the 

zygomatic, the mastoid and the rostrum (Zb, 3-7%; Gmb, 2-6%, Wr, 2-6% Fig. 8c-d). The 

sexual variability is less marked in the upper dentition (Fig. 8a-b)) than that observed on the 

cranium (LM1, 2-3%). The sexual dimorphism degree varies among populations, with 

highest values in Transcaucasian population (Cbl, 5%; Zb, 6%; Gmb 6%; Wr, 2%). 

Considering this variability, the LCD-20 is compared only with the Italian sample. Based on 

the measurements that most clearly express sexual dimorphism in the extant badger 

populations, we can hypothesize the gender of LCD-20. The cranium from Grotta Laceduzza 

is smaller than those of males in Cbl (male 127.1 mm ± 2.1 s.d.; female 125.1 mm ± 2.8 

s.d.), Zb (male 79.1 mm ± 2.7 s.d.; female 75.0 mm ± 4.1 s.d.), Gmb (male 60.2 mm ± 1.5 

s.d.; female 58.2 mm ± 1.9 s.d.) and Wr (male 30.7 mm ± 1.0 s.d.; female 29.2 mm ± 1.2 

s.d.) (Fig. 106c). This cranium could be attributed to a female.  

 

Age estimation 

The fusion of the distal and proximal epiphysis of the postcranial bone in Eurasian badger 

is completed at the age of two years and the epiphyseal lines are no more visible at the age 

of three years (Hancox 1988). The epiphyseal lines of the studied postcranial remains are 

completely obliterated and not visible, therefore the specimens have been attributed to the 

adult age class (Fig. 107). Taking into account the transition between deciduous and 

permanent teeth that occurs between 11 and 16 weeks of life (Neal 1986; Hancox 1988; 

Delahay et al. 2011), the age of LCD-1 (Fig. 106) was estimated between 11-16 weeks. 

Moreover, four age classes can be differentiated based on molar wear in badger (Hancox 

1988; Delahay et al. 2011). The slightly worn crowns of LCD-4, LCD-19, LCD-20 and LCD-

24 indicate an age of 1-3 years; the advanced wear of teeth crowns of LCD-7 and LCD-12 

suggests an age of 3-5 years, while the well-marked wear of LCD-22 and LCD-5 crowns 

suggests an age of 5-10 years. 
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Taxonomic and sex attribution 

The badger remains from Grotta Laceduzza show many features similar to those of the M. 

meles fossil from Pleistocene European sites and to the extant European badger (Fig. 116). 

These features include the large size of the infraorbital foramen that is situated under the 

mesial end of the M1; the anterior border of tympanic bullae aligned with the postglenoid 

processes; the M1 paracone slightly larger than the metacone; the presence of the P1 and 

the P1; the unfused roots of the P2 and the M1 talonid relatively longer than trigonid 

(Madurell-Malapeira et al. 2011a, b). The Grotta Laceduzza sample differs from the living 

Asian badgers for several dental features, such as the unfused root of the P2 (Madurell-

Malapeira et al. 2011b), the morphology of the P4 and the M1 (A2/B3 category of 

Baryshinikov et al. 2003; Fig. 111) and the presence of the P1 and the P1 (Baryshinikov et 

al. 2003; Madurell-Malapeira et al. 2011a). According to Madurell-Malapeira et al. (2011a), 

the extant European badgers show a strong affinity with M. thorali, from which it probably 

diverged in the Early Pleistocene, due to retention of some primitive craniodental features, 

such as the P1/P1 presence, the long and two-rooted P2, the P4 and M1 morphotypes 

(Baryshnikov et al. 2003).  

The morphometric comparison with the Italian sample shows that the cranium from Grotta 

Laceduzza resembles that of a female, showing values always lower than those observed 

in the Italian male dataset (Fig. 112).  

 

Craniodental variability  

The skull size of the extant European badger shows a large geographic variability, with the 

largest specimens from the Central Europe, whilst the smallest ones from Transcaucasia 

and south-western Norway (Fig. 109). The Eurasian badger is an opportunistic forager with 

an omnivorous diet and a highly plastic species able to occupy a wide habitat range, with 

different climatic conditions. Virgós et al. (2011) demonstrated that the condylobasal length 

(Cbl) in the extant Eurasian badger increases with the latitude throughout Europe, following 

the Bergmann ecogeographical rule. Abramov et al. (2009) reported that the skull size of 

the populations from the south-western Norway and main Fennoscandian is smaller than 

the populations from Central Europe. The fossil remains of M. meles from the Pleistocene 

European sites show a large craniodental variability, as suggested for instance by the 

biometric values of the M1 and the M1 considered in this study (Fig. 114).  

Taking into account the low number of fossils and their distribution over a large temporal 

and spatial scale characterized by different climatic and ecological conditions, the study of 
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the size variability and/or the identification of a possible clinal variation became complicated.  

Based on the badger materials from the middle/late Villafranchian transition to early Aurelian 

fossiliferous sites of Europe, several different evolutionary hypothesis were proposed and 

several species/subspecies were instituted such as Meles thorali spelaeus Bonifay, 1971 

(early Aurelian, Lunel-Viel, France), Meles dimitrius Koufos, 1992 (middle/late 

Villanfranchian transition, Gerakarou and Apollonia, Greece), Meles hollitzeri Rabeder, 1976 

(Epivillafranchian, Untermassfeld, Germany, and Deutsch-Alternburg 2, Austria), Meles 

atavus Kormos, 1914 (Galerian, Betfia-5, Hungary). Kretzoi (1938) stated that the high 

variability of the dentition of Meles makes it difficult to separate the fossils from extant 

species, indeed the author referred the fossil sample from the Galerian Gombaszög site to 

the new subspecies M. meles atavus. Baryshinikov et al. (2003) carried out a morphological 

analysis of the P4, M1 and M1 of the extant and fossil badger from the Early to Late 

Pleistocene, reporting that M. hollitzeri possessed a mosaic of characters occurring both in 

M. meles and M. thorali. It resembles M. thorali in the features of the lower teeth (such as 

the presence of first premolar and the morphology of the P2) and M. meles for the features 

of the upper teeth, as the occurrence of morphotypes A2/B4 in Deutsch-Altenburg 2 and 

morphotypes A4/B3 in Untermassfeld, although these combinations seldom occur in extant 

M. meles (Fig. 4). Moreover, the authors stated that M. dimitrius from Gerakarou resembled 

M. thorali for the presence of the P1, the morphology of the P2 and the resemblance of the 

upper molars to the morphotype B1 (very rare in M. meles). Argant and Mallye (2005) 

considered the fossil sample of M. dimitrius as representative of a clinal variation across 

Europe of M. thorali during the late Villafranchian-Epivillafranchian, due to its small-size. On 

the contrary, they considered M. hollitzeri as a valid species characterized by mid-features 

between M. thorali and M. meles. 

Recently, a review based on the European fossil record of the genus Meles has been carried 

out and the remains from the late Villafranchian to Aurelian have been referred to M. meles, 

excepted for the sample from Gerakarou attributed to M. thorali (Madurell-Malapeira et al. 

2011a, b). Koufos (2018) described some new material from Apollonia and revaluated the 

old fossil collection from Apollonia and Gerakarou. Its morphological and biometrical 

comparative analyses allowed to confirm the validity of M. dimitrius.  
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Badger in a cave context  

The badger constructs communal burrow systems called setts that vary considerably in size, 

ranging from simple single-entrance burrows to complex tunnel systems, are hundreds of 

meters long with multiple entrances and underground chambers. (De Marinis and Pigozzi 

2003). Normally M. meles is not a cave inhabitant (Gilmore 1947; Cochard 2004; Mallye 

2007), therefore, the presence of many fossil remains (21% of mammalian assemblage) in 

a cave context might be the result of human activity.  Man exploited carnivorans for a wide 

range of purposes, not only food and fur, but also for bone artefact industry, symbolism and 

ornamental purposes (Mallye 2007). Taking into account the presence of cut marks on 

mandibles, long bones and pelvis, Tagliacozzo (2003) reported the human exploitation of 

M. meles from level E-A of Grotta Romanelli (Lecce, Apulia), where badgers represent the 

0,5 % of the mammal assemblage. According to the author, this mustelid was probably 

hunted for food and fur. Lithic Mousterian artefacts were recovered from lower deposit of 

Grotta Laceduzza, testifying the human occupation of the cave (Spera 2012). Finally, the 

studied sample shows no butchering traces and the taphonomic information reveals no 

direct interaction between humans and badgers in this cave context.  

 
Fig. 116 – Life reconstruction of the head of Meles meles from Grotta Laceduzza (Artwork by Flavia Strani).  
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6.9.2 Meles meles  
 

The presence of badger is documented from several cave context and karst fissures 

deposits of the Apulian Peninsula (Tab. 88). In order to test the size variability of these 

specimens, the comparison of the mandible and lower teeth measurements has been 

performed (Fig. 117). The length of the hemimandible (TL) of fossil specimens are smaller 

than those of the extant ones. Nevertheless, the teeth of the fossil specimens possess are 

larger than those of the extant counterpart. Finally, only the lower carnassial of Grotta 

Romanelli is similar in size than extant specimens.  

 

 
 

Site Sigle Age Reference 
Melpignano Mel MIS 9-8 This work 
San Sidero SS MIS 9-8 This work 
Avetrana Ave MIS 7-5 This work 
Grotta Lacedduzza Gla GLa This work 
Grotta Uluzzo C - III GUC  MIS 3 This work 
Santa Maria d'Agnano - 
esterno SMA-E MIS 2 This work 
Fondo Focone FFo MIS 2 This work 
Grotta Romanelli GRo MIS 1 This work 
Extant Meles meles Ext   This work 

 
Tab. 88 – Meles meles from late Middle to Late Pleistocene of Apulia and extant specimens. 

 
 



304  

 
Fig. 117 – Mandible and lower teeth measurments of Meles meles from late Middle to Late Pleistocene sites 
of the Apulia. For the abbreviations see Tab. 88).  
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6.9.2 Gulo gulo – The case study of Ingarano 
 
The extant wolverine (Gulo gulo) is the largest terrestrial member of the family Mustelidae 

(Allen, 1972; Hall, 1981), with a body length ranging between 650-1.050 mm and a weight 

between 7-32 kg, depending on sex and season (Nowak 2005). This carnivorans is currently 

widely distributed, covering from Northern Eurasia (50°N) to North America with the 

southernmost occurrence in the mountainous area of Colorado (37°N) (Corbet, 1978; Hall 

1981; Wilson and Reeder, 1993; Nowak 2005). Historically, however, North American 

wolverines were also distributed through the northern part of the continent including Alaska, 

most of Canada, the northern tier of states in the continental U.S.A., and South along Rocky 

Mountains to Arizona and New Mexico (Hash, 1987), suggesting that can actually persist in 

more temperate climates, and therefore not only in cold environments as is commonly 

believed.  

The European and American wolverine populations share many morphological features with 

the Pleistocene European Gulo gulo, considered as the common ancestor of the extant 

species (Kurtèn & Rausch,1959). There are few diagnostic features that discriminate the 

American and European wolverine populations. The first have larger teeth, shorter and 

broader skull, narrower P4 and more strongly middle-constricted M1 than those from 

Europe.  Due to these differences the American and European wolverines are considered 

as two separate subspecies, Gulo gulo luscus and Gulo gulo gulo respectively (Kurtèn & 

Rausch, 1959). Wolverines show a remarkable variation in skull morphology and body 

dimensions across their geographic range, with the specimens from Siberia larger than 

those from Scandinavia, and the latter larger than North American ones (Kurtén and Rausch, 

1959). Such a variability has been interpreted as consequence of different genotypes and 

dissimilar environmental conditions (Wiig, 1989; Pasitschniak and Larivière, 1995).  

The paleontological records for the Pleistocene European wolverines are quite scarce 

probably because of the species low population density and large dispersal ability (Kurtén, 

1968; Zigouris et al., 2012). Most of the fossils have been found in the central Europe (i.e. 

Germany, Austria, Croatia, France, Slovenia, Italy), frequently from the cave deposits 

(Döppes, 2001a). During the Late Pleistocene in Europe, G. gulo was widely distributed in 

the central area of the continent including the North-East of Spain (43-42°N), where it has 

been reported the southernmost distribution of this carnivorans (Döppes, 2001a, b).  

The Italian fossil record of wolverine consists of few remains from nineteen different sites all 

chronologically referred to the Late Pleistocene (Radmilli, 1974; Capasso Barbato et al., 

1989; Sardella, 2000; Bona, 2004; Cipullo, 2005; Iurino, 2014). Sixteen of them are located 
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in the northern part of the Italian peninsula (south to 43°N), whereas the other three sites, 

Grotta Polesini (Rome, Central Italy), Canale Mussolini - or delle Acque Alte - (Latina, Cental 

Italy) and Ingarano (Foggia, South-Eastern Italy) are placed in the same latitudinal “belt” 

(~41°N), and thus representing the southernmost occurrence of G. gulo in Europe (Fig. 1).  

In paleontological researchers, especially to mustelids, the relation between body-size 

variability and geographical distribution is often neglected and underestimated (Kurén and 

Rausch, 1959) although these two phenomena are strictly connected (e.g. the Bergmann’s 

Rule). The paleontological record is much less complete than the zoological one, 

consequently, the recognition of endemic species in the European Pleistocene is a 

complicated matter. This is mainly due to the scarce and fragmented nature of the fossil 

record that in many cases prevent diagnostic predictions of the animal body mass and 

makes extremely challenging applying statistical methods for hypothesis-testing (Iurino, 

2014). 

Studies of ecogeographical Bergman’s rule performed on the order of carnivores suggested 

that the extant wolverines follow this rule (Anderson, 1977; Pulliainen, 1993; Meiri et al., 

2004). According to Krajcarz (2012), body size changes can are also observed in a time 

dimension, with the wolverine from the colder climate of the LGM (Last Glacial Maximum) 

larger than earlier of LGM and Early Holocene ones.  

Sexual dimorphism in mammals is often neglected in the paleontological studies, preventing 

to determine if the differences in size can be related to sexual dimorphism. Wiig (1989) 

tested the craniodental variability in relation to sex, which highlighted larger size in males 

ranging between 6% (postorbital constriction) and 14% (the height of the mandible). The 

sexual variability is less marked in the mandible, varying between 8.6% to 12.0% (length of 

the mandible 8.6%; height of the mandible 12.0%; length of M1 8.7%) (Wiig, 1989).  

In this research, wolverines remains from Grotta Polesini, Canale Mussolini and Ingarano 

(Central Italy) are described for the first time, which represent the southernmost occurrence 

of this carnivorans across Europe. Morphological and morphometrical comparisons with 

other fossils coming from Italian and European Pleistocene sites and with specimens of 

extant European and North-American wolverine have been performed. The morphometric 

analyses enable to test the body-size reduction of the southernmost population of G. gulo 

from central Italy during the Late Pleistocene.  
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Description  

Grotta Polesini 

The first hemimandible, A1757, stored in the Department of Earth Science, University of 

Pisa, is in a good state of preservation, excepted for the anterior portion of the corpus (ahead 

of P2) and part of the ascending ramus, which are incomplete. In labial view, two mental 

foramina open next to the P3 and anterior border of the P4 respectively. The masseteric 

fossa is wide and deep, with its anterior margin reaching the posterior border of the M2.  In 

occlusal view, the axis of the P3-P4 makes an abrupt angle with that of M1-M2. The tooth row 

preserves only the P4 and the M1, whereas the P3 is lacking above the collar. The P4 has a 

high and robust symmetric protoconid and a weak distal cingulum. The M1 possesses a 

robust paraconid developed as the protoconid, which are separates by a deep groove. The 

ipoconid is robust and the distal cingulum is marked. The teeth are permanent and displays 

a slight wear.  

The second specimen, GP1, is housed at the PaleoFactory laboratory, Department of Earth 

Science, Sapienza University of Rome. The left hemimandible is greatly preserved, albeit 

the incisors (I2-I3), the P1, the P3 and the M2 are missing. In labial view, two mental foramina 

are present, the first situated under the anterior portion of P3 and the second between the 

P3 and the P4. The corpus is straight even if the anterior portion is mesially directed. The 

ascending ramus is relatively high, the masseteric fossa is deep and its anterior margin 

reaches the posterior border of the M2. In occlusal view, the axis of P3-P4 makes an abrupt 

angle with that of the molars. The canine is robust and its crown is first mesially directed and 

then upward. The P2 has an asymmetric protoconid, mesially elongated. The P4 possesses 

a symmetric and robust protoconid and a marked mesial and distal cingula. In the lower 

carnassial, the protoconid is more developed than paraconid and a deep grove separates 

these two cusps. The ipoconid is stout and the distal cingulum is marked. The permanent 

teeth show a slight wear. 

Ingarano  

The specimen from Ingarano, housed at the PaleoFactory laboratory, Department of Earth 

Science, Sapienza University of Rome, was firstly described by Sardella (2000). The studied 

material is well preserved, although the incisors (I2-I3), the Cx, the P1 and the M2 are missing.  

In labial view, three mental foramina can be observed: the first situated under the P2; the 

second, with reduced opening, is under the P3; the third is under the P4. The corpus is quite 

straight, slightly mesially curved. The ascending ramus is high and slightly distally oriented, 

and the masseteric fossa is deep and its anterior margin reaches the posterior border of the 
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M2. In occlusal view, the axis of the P3-P4 diverges from that of the moalrs. The P2 is small 

with a protoconid mesially directed.  Unfortunately, the P3 is lacking above the collar. The 

P4 has a symmetric protoconid, with a weak mesial and distal cinglula. The M1 displays a 

protoconid higher than paraconid, which are separated by a deep grove. The ipoconid is 

reduced, whereas the distal cingulum is marked. The permanent teeth show a slight wear. 

Canale Mussolini 

The specimens 06-5593, stored at Hungarian Natural history Museum, is well preserved, 

even if the uppermost portion of the right ascending ramus is lacking. The fractures affect 

the corpus overshadowing the observations of the mental foramina. In labial view, the corpus 

is straight with the anterior portions mesially elongated. The ascending ramus is relatively 

high and the masseteric fossa is shallow and its anterior margin ends before the M2. In 

occlusal view, the axis of P3-P4 diverges from that of the molars. The tooth row of the left 

ramus preserves the Cx, the P2, the M1 and the M2, whereas the P4 is fragmented. The right 

hemimandible only includes the M1 and the M2.  The canine is robust and is quite straight. 

The P2 is small with mesially directed protoconid. The M1 has the protoconid higher than 

paraconid and two crest join the protoconid to both the ipoconid and the distal cingulum in 

buccal view, whereas a third crest joins the paraconid to margin of the teeth in buccal view. 

The ipoconid is robust as well as the distal cingulum. The M2 has a protoconid mesially 

situated, from which originates a crest reaching the distal cingulum. The teeth are permanent 

and displays a slight wear. 
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Fig. 118 – Mandible of Gulo gulo from central Italy. 1a-f: 06-5593, mandible from Canale Mussolini; 2a-c, 

INGND1158, left hemimandible from Ingarano; 3a-c: A1757, left hemimandible from Grotta Polesini. Fossil in 

labial (a, d), lingual (b, e) and occlusal (c, f) views. Scale bars 3 cm. 
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Morphological comparison 

The morphological analysis suggests that the fossil wolverines from Grotte Polesini, Canale 

Mussolini and Ingarano display similar features. The ascending ramus is relatively high and 

the masseteric fossa is wide and deep, thus resembling the Late Pleistocene wolverine from 

the Italian Peninsula (Cipullo, 2010) and fossil and extant European ones (Malez,1985; 

Pasitschniak-Arts & Larivière,1995; Diedrich & Copeland,2008). In labial view, the number, 

the position and the greatness of mental foramina in the studied material is variable, likewise 

observed in the Italian sample (Cipullo, 2010). In fact, there are specimens with two foramina 

separate by a smaller septum, as the case of Monte Malo, and others with three well 

separated and large foramina, as for instance the specimen from Castagnavizza.  

The morphology of the P2, small with an asymmetric protoconid and the P4, with a symmetric 

protoconid, marked mesial and distal cingula and without accessory cusped, resembles to 

that of the Late Pleistocene wolverine from the Italian Peninsula (Cipullo, 2010) and fossil 

and extant European ones (Malez, 1985; Pasitschniak-Arts & Larivière, 1995; Diedrich & 

Copeland, 2008; Hutter & Miebach, 2010). Premolars teeth show no diastemata and the P3-

P4 are disposed on the same axis, forming an abrupt angle with the molars. The M1 is much 

more large than the other teeth, with the protoconid slightly higher than the paraconid, the 

ipoconid is quite robust and the distal cingulum is marked. The M2 is reduced, but forms with 

the talonid of M1 a flatter and continuous surface. An exception is the specimen from the 

Late Pleistocene of Vignanti, where the M2 is lacking. The overall comprehensive 

morphology of molars of the studied specimens resembles that of the Late Pleistocene 

wolverine from the Italian Peninsula (Cipullo, 2010) and European fossil and extant ones 

(Malez, 1985; Pasitschniak-Arts & Larivière, 1995; Diedrich & Copeland, 2008; Hutter & 

Miebach, 2010). 

Results  

All morphometric measurements of the peninsular sample are on average smaller than the 

continental sample. When the peninsular specimens consist of three records the difference 

is more evident with a probability 71-95% of being smaller (depending on the measurement). 

The size of M1, the width of M2 and P2 and the HMF are especially well differentiated (Fig. 

119). Although with a greater uncertainty, measure comparisons with a peninsular sample 

of two suggest smaller size in peninsular records, especially for Ltot, Lang and HPP4 (Fig. 

119). Furthermore, the lower carnassial from Central Italy fall in the lowest values of the 

variability of the fossil specimens (Fig.121). 
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Discussion 

Late Pleistocene wolverine 

The morphological comparison performed in this work suggests that the Late Pleistocene 

wolverines from Italian Peninsula and Europe show no relevant different features, albeit in 

the specimen from Late Pleistocene of Vignanti the M2 is absent.  According to Pacher & 

Döppes (2014), in the Late Pleistocene European findings from Drachenhöhle and 

Villereversure and extant remains, the presence/absence of the M2 is huge variable, both in 

a fossil sample collected from the same site and under one single extant population. This 

means that  the variability of this features excludes a correlation with both ecological factors 

and climate. 

Another feature highly variable is  the number, the different position and the greatness of 

mental foramina in fossil wolverines even by one site, which implies no ecological or 

adaptive value.  

The ancestor position of fossil G. gulo from Europe for both extant species, European G. 

gulo gulo and American G. gulo luscus is generally accepted. The American wolverine is 

distinct from the European one in few morphological features (e.g., strong trigonid and 

reduced talonid of M1) (Kurtèn & Rausch, 1959). The morphology of the fossil Italian sample 

strongly resembles to that of both extant American and European wolverine, such 

supporting the Kurtèn & Rausch’s hypothesis. The strong affinity between the extant taxa is 

corroborated by genetic analyses, which led the scholars to consider the extant American 

and European wolverine as the result of a single postglacial expansion episode from a single 

glacial refuge (Zigouris et al. 2013).  
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Fig. 119 – Frequence of mandible and lower teeth variables of Gulo gulo. Color: red - Italian Peninsula 

specimens; grey – central Europe specimens.  
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Fig. 120 – Mandible measurenments of Gulo gulo. Variables: Ltot - total length; Lang – length from angular 

process to infradental; I-M2, length from anterior border of I1 to posterior border of M2; HPC – height of the 

mandible at posterior border of canine; HPP4 - height of the mandible at posterior border of P4; HMF - height 

of the mandible at posterior border of M1; HPM2 - height of the mandible at posterior border of M2; P1-M2 - 

length from anterior border of P1 to posterior border of M2; LFM – length of the masseteric fossa; RA – height 

of the vertical ramus. Abbreviations: CFIO – Cava Fiorini; CSZ – Grotta di Castagnavizza; GBZ1, GBZ2 – 

Grotta di Gabrovizza; VIG - Grotta di Viganti; MDM - Monte di Malo; BDF1, BDF2 - Buco del Frate; PR - Pale 

Rosse; AC - Arene Candide; RFUM – Riparo Fumane; RFRE – Riparo Fredian; PLS – Grotta Polesini; GMSB 
- Grotta Minore di San Bernardino; BR – Balzi Rossi; GDC – Grotta dei Colombi; PDF – Piana di Fornero; 

BDCA – Brecce di Cava di Aurisina; ING – Ingarano.  
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Fig. 121 – Lower carnassial of extant and fossil specimens of Gulo gulo. 
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Body-size reduction 

The wolverine appears at the Middle Pleistocene from the upper levels of Mosbach site 

(Tobien, 1957), nevertheless its occurrence in the European paleontological records of the 

Middle to Late Pleistocene is quite scarce. The paucity of the fossil sample prevented the 

authors to perform diagnostic predictions of the animal body mass and/or statistical analysis 

and consequently get more informations on its taxonomy and evolutionary history. 

Doppes (2001a, b) carried out the first comparative analysis of European Pleistocene 

wolverine, but the data on the Italian sample were excluded. Therefore, this work represents 

the first attempt where to test the size variability of the Italian fossil record of G. gulo.   

The results of statistical analysis suggest that during the Late Pleistocene the wolverine 

went through a dimension variation, where the size of the specimens from the deposits of 

northwest Italy and Europe is larger size than that of the material from central Italy. 

Considering the sample European fossil record, the specimen from Ingarano, which 

represents the southernmost finding in Europe, shows a marked body-size reduction.  

The smallest body-size detected in the sample from central Italy can be explained with the 

ecogeographical Bergmann’s rule, which demonstrates the presence of a size cline within 

species of mammals where individual tend to be larger in cooler environments. Studies on 

extant wolverine noted as this carnivorans follow the Bergmann’s rule, where the larger 

specimens are found in the northern part of its areal (Anderson, 1977; Pulliainen, 1993; Meiri 

et al., 2004). Considering this ecogeographical rule, Krajcarz (2012) similarly suggested that 

the size of the wolverine from the colder climate (LGM) was larger than that of earlier of the 

LGM and Early Holocene ones. Unfortunately, most of the fossil material was recovered 

during the first half of nineteenth century and consequently the stratigraphical and 

chronological data are often obscure (Doppes, 2001a, b). Therefore, the lacuna of the data 

prevents to test the size variability in relation to climatic oscillations took place during the 

Late Pleistocene-Early Holocene.   

Reduction of the body size in carnivorans from the Late Pleistocene of southern Italy was 

recently reported for M. meles (Iurino, 2014) and C. lupus (Sardella et al.,2014). Besides a 

small-sized, these fossils display a peculiar morphology linked to allometric factors, which 

have been referred to specimens living in the southern part of the specie range.  

 

Palaeogeographic and palaeoenvironmental implications 

During the Late Pleistocene in Europe, species typically present in colder environment 

widened their geographic range toward lower latitudes, reaching the southern part of the 
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Italian peninsula., Examples are Mammuthus primigenius, Coelodonta antiquitatis, Capra 

ibex, Marmota marmota and Nyctea scandiaca (Capasso Barbato et al., 1989, Minieri et al., 

1993; Tagliacozzo, 2000; Rustioni et al., 2003), suggesting that the cold climatic episodes 

that have taken place during the last 125’000 years BP, and supporting the rule of the Italian 

Peninsula of glacial refuge during the last glacial periods.   

The extant wolverines occurs a variety of habitats in the alpine, tundra, taiga and boreal 

forest zones, including coniferous, mixed, and deciduous woodlands, bogs and open 

mountain as well as tundra habitats of northern hemisphere (Mitchell-Jones et al. 1999), 

with a range which includes the northern part of Europe and North America (IUCN, 2017).  

Ethological and ecological studies performed on the extant wolverines suggested that in the 

montane regions this carnivore shifts their habitat to higher elevations during summer and 

lower elevations during winter, affecting by the spring snow coverage and high summer 

temperatures (Copeland et al., 2013). The persistent snow cover is an obligate component 

of wolverine reproductive denning habitat as it enables the survival young by providing a 

thermal advantage and provides a refuge from predators (Pulliainen, 1968; Bjäarvall et al., 

1978; Magoun & Copeland, 1998; Pearson et al., 2003). In mountain habitats at southerly 

latitudes, this taxon endured at high elevations for the whole year, because at lower 

elevations there were xeric conditions habitats (Copeland et al., 2013). In according to 

Copeland et al. (2013), the Alps and Carpathian Mountains supported the wolverine 

populations historically, since contain areas with persistent spring snow cover and maximum 

summer temperatures consistent with its climatic requirements.  

During the Middle to Late Pleistocene, G. gulo had a wider areal, which included the central 

part of Europe (Döppes, 2001b), reaching the central Italy and the Iberian Peninsula 

(Capasso Barbato et al.,1989; Döppes, 2001b). The wolverine is considered in 

Palaeontology a good environmental-climatic markers and its occurrence to lower latitudes 

witnessing a gradual climatic recrudescence, albeit is not considered like species typical of 

LGM, as Mammuthus primigenius or Coelodonta antiquitatis. The wolverine disappeared 

from the Italian paleontological records at the Late Pleistocene-Holocene transition, 

wherever its last occurrence is from Riparo Fredian (Cilli, 1998) and Grotta Polesini.  

However, this species is very rare in Italian paleontological records, recovered only in 

nineteen site located in hills-climb area or afoot of mountainous chains. Also in Spain, G. 

gulo was found in site located in montane regions (Doppes, 2001a).  

Nowadays, the southerly populations in western North America occupy the peninsular 

extensions of boreal forests along the Rocky mountain, as well as the Norway and the 
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Sweden ones are concentrated in the mountain chain (Hash, 1987; Pasitschniak-Arts & 

Larivière, 1995; Copeland et al., 2013). According to Copeland et al. (2013) the southerly 

populations are affected habitat patterns with persistent spring snow cover and maximum 

summer temperatures involving the shifts to higher elevations during summer. In this 

scenario, the occurrence at lower latitudes in Italian Peninsula of G. gulo, besides at colder 

climatic episodes, could be linked to presence of the Appennines, which represent an 

ecologic corridor in dispersal of this carnivorans.   
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6.9.3 Mustela putorius – The case study from Melpignano 
 
The European polecat (Mustela putorius, Linnaeus, 1758) is widespread in the western 

Palaearctic, from the Iberian Peninsula to the Ural Mountains in the Russian, including the 

British islands and Northern Marocco (IUCN, 2016). This carnivoran is a medium-sized 

mustelid, with an elongated body, short limbs and short and strong skull (Boitani et al., 

2003). The European polecat shows a blackish brown coat, clearer on the sides and 

abdomen, arts and tail black (Boitani et al., 2003). A number of studies focused on the sexual 

dimorphism of this species, demonstrating that the males are larger than females by around 

15% (Buchalczyk & Ruprecht, 1977; De Marinis, 1995). In addition, Roger et al. (1988) 

suggested that also the body mass is sexual dimorphic, with the weight of males is twice 

than females (Roger et al., 1988). As generally occurs in many carnivorans (Ewer, 1973), 

the skull of the European polecat shows a strong sexual dimorphism mainly descripted by a 

general size factor. The males are characterized to a larger mastoid and zygomatic breadth 

and narrower postorbital constriction, that could be matched to a larger size of jaw 

musculature and more powerful neck inuscles (Radinski, 1981; De Marinis, 1995). 

Furthermore, the males show a well-marked sagittal and lambdoid crest than females in 

dorsal view (Boitani et al., 2003). The wide geographical distribution of the medium-large-

sized carnivoran is reflected in a strong genotypic and phenotypic variability, and many of 

them follow the ecogeographical Bergmann’s rule, which implies an increasing of the body 

size with latitude (Erlinge, 1987; Reig, 1992; Zyll de Jong, 1992). On the contrary, the body 

size of M. putorius increases along East-West axis (De Marinis, 1995; De Marinis et al., 

1996).  
The European polecat is a highly plastic species able to occupy a wide habitat range, with 

different climatic conditions, occupying areas near the sea until at mountain valley 

(Weber,1987), as well as lowland woods and riparian zones, wooded steppe, sand dunes, 

marshes and river valleys, forest edge and mosaic habitats (Birks, 1999; Cabral et al., 2005). 

Nowadays, the distribution of this species is widely affected to anthropic activity, therefore 

it could be found in rural areas close to farms, villages and agricultural lands (Birks, 1999; 

Cabral et al., 2005). The Polecat has a carnivorous diet, feeding on lagomorphs, rodents, 

amphibians and other vertebrates, also sometimes on invertebrates and carrion (Birks, 

1999). In the Mediterranean area, it is specialised in the predation of lagomorphs, notably 

European Rabbit Oryctolagus cuniculus (Roger, 1991; Santos et al., 2009).  
The taxonomic status of M. putorius is a matter of debated among the scholars, being for a 

long time considered as conspecific of the Steppe polecat Mustela eversmanni 
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(Pocock,1936; Ellerman & Morrison Scott, 1951; Brink,1967). Against, other authors 

considered this two taxa as distinct and valid species (Heptner et al.,1967; Abramov 2000; 

Wozencraft, 2005), definitive separation also confirmed separation by genetic analyses 

(Roger et al., 1988; Davison et al., 1999; Kurose et al., 2000; Koepfil et al., 2008). 
The first occurrence of the European polecat in the European fossil record is from the Middle 

Pleistocene (Kurtèn, 1968; Wolsan, 1993; Galik, 1997). In Late Pleistocene of Europe, M. 

putorius remains were discovered from northern Germany, Denmark, Moldova, Spain and 

France (Sommer & Benecke, 2004), whereas the southernmost occurrence was from 

Guizpucoa site (Basque Country, Spain). In Italian peninsula, the European polecat appears 

for the first time from Cretone chronologically referred to late Middle Pleistocene (Di Canzio 

et al., 2003). This species has been recorded to the other Italian fossiliferous deposit during 

the Late Pleistocene and the earliest Holocene, represented by fragment of mandibles, 

isolated upper and lower teeth and isolated fragment of postcranial bones (Del Campana, 

1914; Graziosi, 1929; Del Campana, 1954; Pitti & Tozzi, 1971; Cassoli & Tagliacozzi, 1991; 

Fiore et al, 2004; Farina, 2009).  
Although the family of Mustelidae includes most of the extant carnivores of Europe, their 

fossil remains in Eurasian record are very poor, due to fragility and small size of the bones 

(Kurtèn,1968). Moreover, the fragmentary material of genus Mustela may often be quite 

impossible to identify taxonomically, which means that the Pleistocene fossil remains 

generally could be not identified at specific level (Kurtèn, 1968).  Therefore, the fragmentary 

nature of the Eurasian fossil record of M. putorius makes difficult to reconstruct its 

paleobiogeographic and evolutionary history during the Pleistocene. The European polecat 

from Melpignano (Apulia, southern Italy), here described, represents the first occurrence of 

this taxon in Italian fossil record and the southernmost occurrence in Europe. The European 

polecat specimens were firstly described by Mirgiliano (1941), who attributed to Mustela 

putorius a nearly complete cranium and a right hemimandible. Unfortunately, only the 

cranium (M8232) is included in this work. The goal is to carry out the morphological 

description of the M8232 specimen from Melpignano. Morphological and morphometric 

comparisons with other fossils coming from Italian and European Pleistocene sites and with 

specimens of extant are presented in order to evaluate the craniodental variability of fossil 

and extant Polecats.  
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Morphological comparison 

The specimen M8232 (Fig. 122; see measurements in Tab. 89) is a very well preserved 

cranium, except for the right condyle, basioccipital, basisphenoid, presphenoid, pterogoid 

and right glenoid fossa bones which are incomplete as well as both zygomatic arches. The 

cranium is broader rostrocaudally with completely ossified sutures. In dorsal view, the 

postorbital constriction is narrow and cylindrical-shaped; the well-developed sagittal crest, 

in length as well as in height, posteriorly ends in a well-developed nuchal crest, whereas 

anteriorly divided into two short, weak and well separated temporal lines ending laterally to 

the weak zygomatic processes of the frontals; the muzzle is broad and very short; the 

braincase is broad and posteriorly elongated. The well-developed sagittal crest, in length as 

well as in height, originates from the temporal ridges. In lateral view, the cranium is rather 

flat, the frontals are convex and elevated above the rostrum; the wide infraorbital foramina 

are situated next to the mesial portion of the P4. In posterior view, lamboid crest is well-

developed and the braincase has a rough surface. In ventral view, the palatal shows a 

constriction at the level of the P3 as well as a second more pronounced around the C1.  

 

 
Fig. 122 – M8232, cranium of Mustela putorius from Melpignano in dorsal (a), ventral (b) left (c) and right (d) 

lateral views. Scale bar 3 cm.  
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The palatine fissurae are elongated rostrocaudally and extends anteriorly up to the midpoint 

of the canine alveolus. The tympanic bullae are of large size, elongated rostrocaudally and 

trapezoidal-shaped, and are disposed with divergent axes. 

The largest foramina, the posterior lacerate foramen, is situated at the posterior border of 

the tympanic bullae. The glenoid fossa is narrow and displays a flat and continuous surface, 

whereas the process of the postglenoid bone is stout.   

The specimen M8232 has permanent teeth. The C1 and P2 lie on the same axis, which is 

less curved in correspondence of the P3-P4 jucntion and shows a more abrupt angle between 

the P2-P3. The I3 is larger than the I1 and the I2. A moderate diastema separate the C1 by 

the incisors, whereas there is a short diastema between the P2 and the C1. The C1 is robust 

and oval in cross-section. The P2 is reduced, with a single root. The P3 is elongated 

rostrocaudally and possess a strong buccal cingulum. The P4 possesses a stout protocone, 

aligned with the paracone anterior border of paracone, and is expanded lingually. The 

paracone is stout and the metastyle is long and elongated distally. The M1is  rectangular 

shape, enlarged labial-lingually and reduced mesiodistally. It possesses a marked labial 

cingulum, a depressed and labial-lingually elongated hypocone basin and a well pronounced 

constriction in the central part and a light lingual expansion. 

 

Cranial 
measurements  

Dental measurements  
   Left Right 

Cbl 72.1 I1 L  0.9 0.8 
Fl 24.5 I1 W 1.9 2.0 
Bl 48.5 I2 L 1.2 1.1 
Scl 42.4 I2 W 2.1 2.1 
Rw 18.4 I3 L 1.2 1.3 
Fiw 19.8 I3 W 2.9 2.8 
Pow 16.1 C L 4.9 4.9 
Bw 27.6 C W 4.0 4.2 
Mw 41.3 P2 L 1.7 2.0 
Bh 28.1 P2 W 2.2 2.0 
Utl 25.2 P3 L  4.7 4.8 

  P3 W 3.1 2.9 
  P4 L  7.8 7.7 
  P4 W  4.5 4.4 
  M1 L  2.7 2.8 

    M1 W 6.0 6.0 
Tab. 89 – Craniodental measurements of M8232, Mustela putorius from Melpignano 
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Morphological and biometrical comparison 

The cranium of Mustela putorius and Mustela eversmanni look very similar, sharing most of 

morphological features, especially in the consideration of the sexual dimorphism (e.g., 

sagittal crest). Only two diagnostic characters were identified to distinguish these two 

mustelids: the shape of the postorbital constriction and the number of roots of the P2. 

The studied cranium possesses a clear feature of M. putorius: the cylindrical-shaped 

morphology of postorbital constriction, thus differing from the condition M. eversmanni 

(hourglass shaped). This diagnostic feature is shared with the cranium from Late 

Pleistocene of Grotta di Gabrovizza (Fabiani, 1919) and Caverna Generosa (Bona, 2005). 

The M8232 possesses a single root of P2 resembling M. putorius, thus differing from that of 

M. eversmanni (two root of P2).  

The cranium from Melpignano was compared with the fossils of M. putorius from late 

Aurelian (Late Pleistocene) fossiliferous sites from Europe. The Cbl, Rw, Bw and Mw of 

M8232 are larger than Late Pleistocene craniums from Baume Longue (Paulus & Tron, 

1945), Gabrovizza (Fabiani, 1919) and Caverna Generosa (Bona, 2005) (Tab. 89). Instead, 

the Pow is smaller than the Late Pleistocene craniums from Lezetxiki (Altuna, 1972) and 

Gabrovizza (Fabiani, 1919) (Tab. 89). In addition, the Tbl of M8232 is closer to the 

specimens from Late Pleistocene of Grotta di Gabrovizza (Fabiani, 1919) and Caverna 

Generosa (Bona, 2005), and smaller than Late Pleistocene cranium of Baume Lounge 

(Paulus & Tron, 1945) (Tab. 89). Concerning the upper teeth, the P4L of M8232 is larger 

than those from Late Pleistocene of Lezetxiki (Altuna, 1972), Urtiaga (Altuna, 1972), Grotta 

di Gabrovizza (Fabiani, 1919) and Caverna Generosa (Bona, 2005), and smaller than that 

from Baume Lounge (Paulus & Tron, 1945). Instead, the M1L is smaller than those from Late 

Pleistocene of Lezetxiki (Altuna, 1972), Urtiaga (Altuna, 1972) and Grotta di Gabrovizza 

(Fabiani, 1919). 

Compared with the extant populations of the Italian Polecat, the M8232 is larger in Cbl, Rw, 

Bw, Mw, Utl than both Mustela putorius and Mustela eversmanni (Tab. 90).  

Finally, the Cbl, Zw, Mw, Rw, Fiw, fossil cranium from the Late Pleistocene of Europe are 

generally larger than extant specimen of Italy and Russian (Tab. 90). 
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M8232 Baume 

Longue                     Lezetxiki  Urtiaga     Grotta di 
Gabrovizza  

Caverna 
Generosa Mustela putorious  Mustela 

putorious 
Mustela 

eversmanni 

 
MIS 9 MIS 3 MIS 2 MIS 2 MIS 3 MIS 3     

 

This 
work 

Paulus 
& Tron 
(1945) 

Altuna 
(1972) 

Altuna 
(1972) 

Fabiani 
(1919) 

Bona 
(2005) 

De Marinis 
(1995) 

De Marinis 
(1995) 

Abramov 
(2016) 

Abramov 
(2016) 

Measurements 

Italian France Spain Spain Italian Italian 
Italian 
Males 
(n=31) 

Italian 
Females 
(n=17)  

Russian Russian 

Cbl 72.1 71.0   70.0 69.9 66.0 ± 2.7 58.6 ± 1.6 62.8 ± 4.46 63.1 ± 3.19 
Fl 24.5      26.8 ± 1.0  23.7 ± 0.9    
Bl 48.5      44.7 ± 2.3 39.8 ± 1.5   
Scl 42.4          
Rw 18.4  14.6 18.0 17.6 16.7 17,2 ± 0.6 13.8 ± 0.8 15.1 ± 1.55 16.0 ± 1.16 
Fiw 19.8 19.5 17.2      16.3 ± 1.45 16.7 ± 1.28 
Pow 16.1  16.5  19.0  16,9 ± 0.9 15.3 ± 0.8 15.5 ± 1.0 13.4 ± 0.75 
Bw 27.6  22.8 25.0 24.8  25.7 ± 0.7 22.1 ± 1.1   
Mw 41.3    38.0 38.6 36.5 ± 1.8 31.3 ± 1.2 33.9 ± 2.92 35.3 ± 2.31 

Zw 
 

44.0    46.0 41.1 ± 2.1 34.8 ± 1.5 36.9 ± 3.19 38.7 ± 2.62 
Bh 28.1    26.9  24.6 ± 1.0 22.1 ± 0.7 23.3 ± 1.60 24.5 ± 1.38 

Utl 25.2 25.1 18.3  21.3  24.2 ± 0.6 21.5 ± 0.7 18.7 ± 1.25 19.9 ± 0.94 

Tbl 18.4 19.0   18.3 18.1     
 

 
         

P4L  7.7 8.0 7.2 7.4 7.4 7.4 7.4 ± 0.4 6.5 ± 0.2 7 ± 0.47 7.8 ± 0.38 
P4W 4.5  4.0 4.4 4.2 4.3     
M1L  2.7  3.3 3.4 3.0  3.5 ± 0.3 3.1 ± 0.2   
M1W 6.0   6.0 6.1 5.6   6.2 ± 0.2 5.6 ± 0.2 5.7 ± 0.46 5.5 ± 0.33 

Tab. 90 – Craniodental measurements of Mustela putorius from Middle to Late Pleistocene sites of Europe 

and extant Mustela putorius and Mustela eversmanni.  

 

Sexual dimorphism and age estimation 

The Cbl measured on males of the extant European polecat from Italian Peninsula is 11.2% 

higher than that observed in females.  Also, similar difference has been reported for the 

width of the zygomatic, the mastoid and the rostrum (Rw, 19.8%, Bw, 14.0%, Mb, 14.2%, 

Zb, 15.3%) (Tab. 90). The sexual variability of the cranium less marked in the Pow (9.5%) 

(Tab. 3). The sexual dimorphism is also high in the upper dentition, with the length of the 

upper fourth premolar, length and width of first upper molar of males larger than those of 

females (P4L, 12.2%), M1L, 11.4%, M1W 13,8%) (Tab. 90). 

Considering the sexual variability of extant Italian sample clearly expresses in craniodental 

variables, the gender of M8232 can hypothesize. The cranium from Melpignano is larger 

than those of males and quite larger than those of female in Cbl (male 66.0 mm ± 2.7 s.d.; 

female 58.6 mm ± 1.6 s.d.), Rw (17.2 mm ± 0.6 s.d.; female 13.8 mm ± 0.8 s.d.), Bw (25.7 
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mm ± 0.7 s.d.; 22.1 mm ± 1.1 s.d.) and Mw (36.5 mm ± 1.8 s.d.; 31.3 ± 1.2 s.d.). Also, the 

morphology of the cranium is highly dimorphic, with males characterized by marked sagittal 

and lambdoid crest. Therefore, the M8232 specimen from Melpignano could be attributed to 

a male. 

 

M. putorius has been considered for a long time conspecific of M. eversmanni, due to a 

strong morphological affinity, similar body-size and physical structure. Kurtèn (1968) 

suggested that M. putorius differs from M. eversmanni to some features in the dentition, 

such as smaller canine and carnassial teeth, and larger first molar, and moderate postorbital 

constriction. The last diagnostic character would be slightly variable due to ontogenetic 

status, and therefore has been considered reliable only for adult specimens (Angorge & 

Suchentrunk, 2001). 

Albeit M. putorius and M. eversmanni have been considered as conspecific, there are some 

different cranial features in two species. There is a large consensus in literature to 

considerer that the main diagnostic characters within of the genus Mustela to the 

determination of species were found in cranial and mandibular features (Boitani et al., 2003). 

In particular, M. putorius differs to M. eversmanni for a moderate and cylindrical-shaped 

postorbital constriction, a narrow, flat and continuous condyle mandible articulation area with 

a stouter process of the squamosal bone and presence of P2 with a single root (De Marinis, 

1995; Boitani et al., 2003). 
The M8232 is a stout and large, with a marked sagittal and lambdoid crest and narrower 

postorbital constriction. According to several scientists (Radinski,1981; De Marinis,1995; 

Boitani et al.,2003), several features display a strong sexual dimorphism, with the males that 

possesses a well-marked sagittal and lambdoid crest, the narrower postorbital constriction 

and the broad of zygomatic and mastoid bones, linked to the size of the cranium. Radinski 

(1981) suggested that these characters could correspond to a large anterior part of the 

temporalis muscle and thus increase the biting force, allowing the male to handle relatively 

large preys.  

Despite the presence of polecat in Middle to Late Pleistocene Italian fossil record, and more 

in general of the Europe, is very poor, several hemimandibles have been reported (Tab. 90). 

Especially, Caterini (1921) reported the largest fossil sample of polecat known in literature 

from Grotta Parignana, including four hemimandibles and a fragment of maxillary. The 

fossiliferous site has been chronologically referred to beginning of the Late Pleistocene 

(Farina, 2009). A left fragment of hemimandible of polecat was described by Pitti & Tozzi 
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(1971) from Buca della Iena (MIS 3). Recently, also the presence of fossil polecat was 

reported from bed8 of Avetrana (MIS 3), represented by a nearly complete left hemimandible 

(Pandolfi et al.,2008). A large fossil polecat sample was described by Del Campana (1947) 

from Equi Cave, including an isolated P4, two hemimandibles, two humerus, ileus and two 

tibias. The radiometric data of the lower levels of the deposit indicated a chronological span 

from 44.000 ± 2.200 to 43.700 ± 1.900 BP (Bigagli et al., 2013; Ghezzo et al., 2014).  

Morphological and biometrical comparisons pointed out by the author, there were no 

differences between the fossil materials and the extant polecat. Several remains were also 

recovered from Grotta Maggiore di San Bernardino, including a fragment of left 

hemimandible (Cassoli & Tagliacozzo, 1994). The authors suggested that the dimensions 

of the specimen fall in the extant size variability, but was stouter than extant ones. 
Kurtèn (1968) suggested that the Pleistocene polecat were on average markedly larger than 

extant ones and this decrease of size took place during the Holocene. As discussed, this 

species shows a well-marked sexual dimorphism, with the weight around twice and the head 

and body length longer about 15% of males than females. The majority of the cases, the 

polecat remains from Middle – Late Pleistocene of Italian fossiliferous deposits are 

represented by isolated remains, as was the Grotta Cucigliana (Del Campana, 1914), where 

the author attributed to this species an isolated right ulna, due to its slender and small size.  

The fragmentary nature of paleontological record makes impossible to investigate if the size 

variability of fossil polecat could be linked to high sexual dimorphism of this species, 

underestimated in Pleistocene specimens, or if it’s true that the polecat went throughout a 

decrease of dimensions during the Postglacial, as proposed by Kurtèn (1968).   

Based on the recent studies (Zabala et al., 2005), the polecat has a wide ecological 

tolerance. Indeed,  this species is widespread from the sea level to the alpine valley (Weber, 

1987), from cover forest area to rural zone (Weber, 1989; Lodè, 1993; Striglioni, 1998). Due 

to high plasticity and adaptability of this species, its occurrence in a fossiliferous deposit of 

Melpignano does not provide precise the paleoenvironmental and paleoecological 

indications.  

The polecat appears in Europe during the late Middle Pleistocene from Lunel Viel (Bonifay), 

but its record is very poor. The sample from Melpignano represents the first occurrence in 

the Italian fossil record, biochronologically referred to the late Middle Pleistocene.  
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Tab. 91 – Mandible and lower dental measurenments of Middle to Late Pleistocene of Mustela putorius and 
extant Mustela putorius and Mustela eversmanni.  

 
 
 
 
 
 
 
 
 
 
 
 

Species Country Site Age References Tl Lcc Hvr P1-M1 Lcr Hm1 M1L M1W

Romain La Roche MIS 8 Fosse & Fourvel (2010) 9.0 3.0

Baume Longue                    MIS 3 Paulus & Tron (1945) 43.4 23.0 20.5 25.0 8.0 9.0

Balauziere MIS 3 Paulus & Tron (1945) 22.5 28.0 11.8

Melpignano MIS 9 In this work 43.0 23.0 9.8
Grotta Maggiore di 
San Bernardino MIS 7-5

Cassoli & Tagliacozzo 
(1994) 17.0 7.9 8.1

Grotta Parigliana MIS 5 Caterini (1921) 39.0 18.0 19.0 8.0

Gabrovizza MIS 3 Fabiani (1919) 17.9 22.6 7.8 8.7 2.9

Caverna Generosa MIS 3 Bona (2005) 40.8 37.1 22.3 7.4 3.3

Caverna Generosa MIS 3 Bona (2005) 42.3 36.4 22.0 8.7 7.8 3.4

Buca della Iena MIS 3 Pitti & Tozzi (1971) 23.4 7.3

Avetrana MIS 3 This work 15.8 20.9 7.5 7.7 2.9

Netherlands Cadzand MIS 8
Nijholt & Hoek Ostende 
(2004) 8.0 7.7 3.2

Jama pad Herkov 
imi pecmi MIS 5-4 Pohar (1981) 18.5 7.0 8.7

Parska globina MIS 5-4 Rakovec  (1961) 19.0 8.9 8.8

Lezetxiki MIS 2 Altuna (1972) 35.5 18.7

Urtiaga    MIS 2 Altuna (1972) 42.3 20.2 20.5 8.7 8.3

Urtiaga    MIS 2 Altuna (1972) 40.8 34.0 21.7 8.4 9.3

Urtiaga    MIS 2 Altuna (1972) 9.2 9.3

Erralla MIS 2
Altuna & Mariezkurrena 
(1985) 8.3 2.6

Bolinkoba MIS 2 Castanos (1983) 17.4 18.8 7.8 7.9

Switzerland Cotencher MIS 5-4 Dubois & Stehlin (1932) 7.7 9.0

Italy
Extant males 

(n=31) De Marinis (1995) 35.8 ± 1.1 21.9 ± 0.7

Italy
Extant females 

(n=17) De Marinis (1995) 42.0 ± 2.0 24.6 ± 0.9

Russian Extant Abramov (2016) 38.5 ± 3.3 18.8 ± 2.1 23.0 ±1.6 7.9 ± 0.6
Mustela 
eversmanni Russian Extant Abramov (2016) 39.9 ± 2.4 19.5 ± 1.5 23.9 ± 1.3 8.2 ± 0.4

Mustela 
putorious 

France

Slovenian

Spain

Italy
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7. Comprehensive discussion 
In previous chapter, the results of the morphological, statistical and CT analyses were 

presented separately for each considered group. The aim was the idenfitication of the 

possible morphological adaptations and/or body size oscillations as response of climatic 

fluctuations. In this section, these data will be discussed in the wider biochronological and 

paleoenvironmental framework to better define the major bioevents occurring through the 

late Middle Pleistocene to Early Holocene.  

 
7.1 Geomorphological, geological and volcanic framework 
Beach deposit, mainly represented by conglomerate levels, has been finely investigated in 

the Apulian region. During the last century, many beach deposits outcropping along the 

Italian Peninsual coasts at an elevation between 2 m to 20 m a.s.l. were referred to the Last 

Interglacial MIS 5.5, mainly based on the presence of Persististrombus latus (=Strombus 

bubonius). These gastropods belong to the Strombidae family associated with tropical 

envriomental conditions, and consequently useful as a biogeographical and paleoclimatic 

proxy in the Mediterranean Sea. Indeed, the presence of this taxon associated with other 

mollusc species constitutes the so-called Senegalese Faunal Complex, marking 

Mediterranean seawater warming during Pleistocene interglacial episodes.  Hearty & Dai 

Pra (1992) reported the presence of P. latus in several deposits along the coasts of the Gulf 

of Taranto, referring it to MIS 5.5. Such, many marine deposits were attributed to Last 

Interglacial, even where this gastropod was absent. For example, this happened in the cases 

of Grotta Romanelli (Blanc, 1920, 1928) and Grotta dei Giganti (2009). The attribution of 

these marine deposits was one of the major marker for the regional stratigraphic context, 

constraining the overlapped levels to Late Pleistocene.   

Recently, many scholars focused on the description of marine terraces or fossil tidal notches 

in stable areas of Mediterranean Sea (Zazo et al., 2003; Antonioli et al., 2018; Stocchi et al., 

2018).  De Santis et al. (2018) dated several deposit outcroppings in the Taranto Gulf, 

identifying several marine terraces referred to MIS 7.3, MIS 7.1 and MIS 5.5. Furthermore, 

the authors calculated the uplift rate of MIS 7.3, MIS 7.1, MIS 5.5, and MIS 5.3 

palaeoshorelines, demonstrating that they show a decreasing trend. However, the uplift of 

this region prevents the correlatation of the beach deposit of fossil tidal notches outcropping 

in the stable tectonic area of the Mediterranean Sea. In addition, Antonioli et al. (2018) 

studied the fossil tidal notches across the Mediterranean area, suggesting that those 

identified at Grotta Romanelli (9.25 m a.s.l.) and Grotta delle Striare (8.25 m a.s.l.) should 
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be attributed to MIS 13-11 and MIS 5.5 respectively. Moreover, beach deposits or marine 

terraces correlated with MIS 11 and MIS 9 are rare and poorly documented in the 

Mediterranean area (De Santis et al., 2013). Nevertheless, the MIS 11 represents the 

longest and warmest interglacial stage of the past 500 ka (Rousseau et al., 1992; Howard, 

1997; McManus et al., 1999; King & Howard, 2000; Schellmann & Radtke, 2004). During 

the MIS 11, the eustatic sea level was 20-21m higher than the present day (Hearty et al., 

1999; Hearty & Kaufman, 2000; Kindler & Hearty, 2000; van Hengstrum et al., 2009). Finally, 

according to Zazo et al. (2003) the presence of P. latus was also reported in deposit of Spain 

chronologically attributed to MIS 9 and MIS 7. This fact means that the presence of this 

gastropod is insufficient for the attribution of the marine deposits to Last Interglacial.  

Many caves located along the coast of the Apulian Peninsula, especially in the Salentine 

Peninsula, contain sequences including speleothems, volcanic material and marine 

sediments (sand and/or conglomerate supported breccia) (Fig. 119). The new chronological 

data of Grotta Romanelli supports the attribution of the fossil tidal notch to MIS 13/11 

proposed by Antonioli et al. (2018). The beach deposit (conglomerate supported breccia), 

previously referred to the MIS 5.5, can be attributed to MIS 9 (see chapter 4.1.3). Instead, 

the level F, that was dated at 40,000 ± 3,250 yrs BP, can be referred to MIS 5.5 (see chapter 

4.1.3). Outside the cave, marine terrace at about 4 m a.s.l. is attributed to MIS 5.  

All these data revolutionize the chronological framework of the marine deposit in southern 

Italy. The presence of the Middle Pleistocene marine levels in cave deposit was also 

reported by Mastronuzzi et al. (2007). The author indicated three different marine levels from 

the oldest to the youngest: a conglomerate level at 3.0 m a.s.l. (older than 377.7 ka BP), a 

sand level at 5.9 m (between 170.3 ka Bp and 146.5 ka BP) and a sand level at 3.5 m (older 

than 77.0 ka BP). However, Zazo et al. (2003) carried out the revision of several marine 

terraces outcropping in the Mediterranen coast of the Iberian Peninsula, of Balearic Islands 

and of Canary Islands. The results suggest that the MIS 5.5 terraces in the Mediterranean 

area are no more than 8 m a.s.l. Therefore, considering also the geographical proximity 

between the Grotta Romanelli and Grotta delle Striare (about 1 kilometer), the fossil tidal 

notch occurred at the last cave could be older than MIS 5.5.  

Other Middle Pleistocene marine deposits were found in the Trani sedimentary succession, 

where three main units were identified (De Santis et al., 2013). The first was represented by 

a sand level at 1-3 m a.s.l., including marine malacofauana and dated between 356 ± 57 ka 

BP and 308 ± 66 ka BP (MIS 9).  In addition, the bottom of the Grotta della Masseria dell’Orte 
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sequence included a marine sand level (at 6.8 m a.s.l.) and overlapped by a speleothem 

level dated to 184.0 ± 12.8 ka BP (Mastronuzzi et al., 2007).  

At the light of these new chronological data, the conglomerate and sand levels found at the 

bottom of the sequence of several caves located along the Adriatic and Ionian coasts need 

to be reevaluated.  

First, the conglomerate supported breccia levels of the Grotta del Sarcofago (2 m a.s.l.) and 

Grotta dei Ladroni (3 m a.s.l.) cuold be correlated to the sand level founded at Grotta del 

Diavolo and referred to MIS 9. Instead, the conglomerate supported breccia levels from 

Grotta-Riparo Marcello Zei (5.3 m a.s.l.) and Grotta dei Giganti (4,5 m a-s.l.) cuold be 

correlated to the Last Interglacial MIS 5.5 events, since they were found approximately at 

the same altitude of the marine terrace identified outside of Grotta Romanelli. 

Conglomerate supported breccia levels were also identified in the Uluzzo Bay, from Grotta 

Cavallo, Grotta Uluzzo C, outside the cave of the Serra Cicora and Grotta Zinzulusa 

(associated to sand level). Albeit both the Grotta del Cavallo and Grotta Uluzzo C open at 

about 15 m a.s.l., these marine levels were found at the bottom of the sedimentary 

succession at about 7-8 m a.s.l. Therefore, these marine levels could represent the same 

events and could be attributed to late Middle Pleistocene (MIS 9 or MIS 7).  

On the contrary, the sand level found at Grotta delle Striare (2 m a.s.l.) are of difficult 

interpretation. In fact, sand levels 1-3.5 m a.s.l. were found at Trani deposit (1-3 m a.s.l.) 

dated between 356 ± 57 ka BP and 308 ± 66 ka BP (MIS 9) and at Grotta del Diavolo (3.5 

m a.s.l.) dated older than 77.0 ka BP. At Grotta delle Striare, the sedimentary succession 

includes two different volcanic levels, several clast supported breccias, speleothems and 

reddish clays (see chapter 4.1.3). Unfortunately, the poor state of preservation prevents 

mineralogical analysis and absolute dating. Moreover, beside the presence of the tephra 

levels, the altitude of the basal marine sand level of Grotta delle Striare seems to suggest a 

Middle Pleistocene age (MIS 9).  

Finally, the new chronological data of the marine deposits outcropping along the coasts of 

the Apulia Peninsual disrupts the general literature consensus where these were referred to 

the Last Interglacial, which instead can be attributed to Middle Pleistocene. Therefere, the 

mammal assemblages collected in the lower levels of cave sedimentary successions need 

to be revised.  
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Fig. 122 – Coastal cave from the Apulian region. a – geographic position; b the altitude of the cave (m) a.s.l. 

Abbreviations: GMu – Grotta delle Mura; GLa – Grotta dei Ladroni; GLM – Gotta L. Migliorini; SCA – Serra 

Cicora A; GCV – Grotta di Capelvenere; GUl – Grotta Uluzzo; GUC – Grotta Uluzzo C – GCa – Grotta del 

Cavallo; GMB – Grotta Mario Bernardini; GTA – Grotta Torre dell’Alto; GMZ – Grotta-Riparo Marcello Zei; 

GMO – Grotta Masseria dell’Orte; GSa – Grotta del Sarcofago; GSt – Grotta delle Striare; GRo – Grotta 

Romanelli; GZi – Grotta Zinzulusa; GCC – Grotta-Riparo delle Cipolliane C; GTP – Grotta delle Tre Porte; GGi 

– Grotta dei Giganti; GDi – Grotta del Diavolo. Color: grey indicates conglomerate layer and yellow indicates 

sand layer at the base of the stratigraphic sequence.  
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7.2 Palaeoenvironmental indications from mammals 
The Apulian region is located in the southern part of the Italian Peninsula and, more in 

general, represents an extension of the Eurasian continent. Therefore, it is considered as a 

key region where to study the effects of the climatic changes occurred from the start of the 

Middle Pleistocene on mammal assemblages. In fact, it is possible to notice the variation in 

the palaeoareal of the mammal taxa and/or possible morphological and biometric 

adaptations due to the peripheral position of the region. The richness of the fossiliferous 

sites contributes to make this a crucial region for the study of the climatic changes and the 

human evolution in the Euro-Mediterranean area (Sardella et al., 2018, 2019).  

Nevertheless, many of these deposits were only approximately studied as well as the 

mammal fossil remains. For example, Mazza & Varola (1999) attributed several specimens 

of the sample from the Contrada Monticelli only at group level (bovids, equids and cervids).  

Thereby, this study allows to carry out a major revision of the mammal assemblages from 

the Apulia and to investigate their response to the climate changes.  

Generally, the palaeoenvironmental reconstruction and the effects of the climatic changes 

on large mammal faunas are mainly based on the presence/absence of the taxa (Gliozzi et 

al., 1997). This approach can be adopted for the fossiliferous sites chronologically referred 

from Early to early Middle Pleistocene, where the structure of the mammal fauna 

progressively changed (Gliozzi et al., 1997; Masini & Sala, 2007; Petronio et al., 2007; Sala 

& Masini, 2007; among others). In fact, the Italian biochronological Scale for the large 

mammals was build based on the first occurrence and/or last occurrence of several taxa 

(Gliozzi et al., 1997; Palombo et al., 2004; Masini & Sala, 2011). Albeit two Faunal Unit have 

been formalised from the Late Pleistocene by Petronio et al. (2007), many authors consider 

that these cannot be recognized for the late Aurelian (Gliozzi et al., 1997; Palombo et al., 

2004; Masini & Sala, 2011). Moreover, the approach based on the presence/absence of 

mammal taxa to palaeoenvironmental reconstruction conceals an important issue related to 

human presence and its interaction with large mammal fauna. In fact, account needs to be 

taken that most of the fossil samples from the deposit referring to the late Middle to Late 

Pleistocene was frequently found in association with Middle and/or Upper Palaeolithic tools 

and rarely with human fossil remains (e.g., Grotta Romanelli, Grotta del Cavallo). This fact 

has not received due attention and the mobility of the prehistoric human was often 

neglected. To support this hypothesis, one only needs to think that most of the deposits 

found in the Apulian Peninsula is located along the coast, implying therefore a moderate 

stress to food supply. In fact, the coastal caves offer no view on a large valley, where it could 
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be possible to observe the ungulate herds, and are not located near rivers and/or lakes, 

where the mammals quench their thirst. In addition, a high mobility (100-150 km) of H. 

neanderthalensis was proposed by several authors (Spinapolice, 2009, 2012, 2018), due to 

the distance of the raw material sources.  

On the contrary, the size variability in the mammals is considered by many scholars as an 

important tool to investigate their response to climatic changes (Lister et al., 2010; Asperen, 

2012; Mecozzi & Bartolini Lucenti, 2018; among others). In addition, some considered the 

body-size changes as a great tool for the biochronology (e.g., Asperen, 2010, Brugual & 

Boudadi-Maligne, 2011). Therefore, the size variability of selected mammal species was 

tested, in order to investigate possible changes and/or evolutionary trend.  

The first analysed group is the genus Equus, which was present in Apulia with the three 

species E. mosbachensis, E. ferus and E. hydruntinus. The Mosbach horse (E. 

mosbachensis) is a medium size, larger than the late Middle to Late Pleistocene E. ferus. 

Instead, the wild horse (E. ferus) displays a homogenous size from the late Middle 

Pleistocene (MIS 7) to Late Pleistocene (MIS 2), whereas the smallest size was recognized 

during the Early Holocene (MIS 1). Asperen (2010) stated that the samples coming from the 

deposit chronologically referred to glacial stages are smaller in size and stout, whereas the 

ones referring to interglacial stages display a mosaic trait of features that vary between the 

different interglacials. Especially, the size and robustness of the horse is related to the 

quality of the habitats. Therefore, the glacial horse was smaller and stout due to the 

degradation of the open-environments and consequently lower environmental productivity. 

On the contrary, interglacial horse can be large and slender when large expanse steppe, 

characterized by a relatively diversity and high quality plant cover, was present. 

Alternatively, they were small and robust (always less robust than glacial ones) when the 

environment was dominated by a dense forest increasing therefore the competition for 

resources in the open one.  

The body-size of E. ferus during the late Middle Pleistocene to Late Pleistocene (MIS 7 to 

MIS 2) is quite constant and no changes can be detected. According to Asperen (2010), this 

stasis could suggest that the wild horse was in low competition for the resources in a stable 

landscape constantly dominated by open-environments (i.e. steppe-like and/or grasslands).  

A similar size fluctations through the late Aurelian was observed in Sus scrofa. Many 

generalist, wide-ranging large mammal species, display several ecomorphological 

adaptations in accordance with the environmental variations encountered throughout their 

geographic range. The extant wild boar roughly follows Bergmann’s ecogeographical rule, 
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that predicts larger size in colder climates due to the selective pressure towards lower 

surface area to volume ratio (Groves, 1981, 2007; Faure and Guérin, 1997; Genov, 1999; 

Albarella et al., 2009). Explaining the oscillations in size of wild boar (S. scrofa) is a 

complicated matter due to the fact that extant species possesses a huge morphological and 

morphometric variability. S. scrofa is one of the widest-ranging mammals in the world, 

occurring natively throughout the Palaearctic, the northern part of Africa, the Middle-East 

and part of South-East Asia (Grooves, 1981). Accordingly, it displays a huge diversity, with 

a significant amount of variation explained by geographical clines and/or geographic position 

(small-sized populations characteristics of warmer or isolated areas) (Groves, 1981; 2007; 

Guérin & Faure, 1997; Albarella et al., 2009).  Furthermore, the body size variability of wild 

boar was not sufficiently investigated, therefore emerging as unclear. Some scholars stated 

that the specimens from the Middle Pleistocene of Europe were of large-sized (Guérin & 

Faure, 1997; Lister et al., 2010), but no agreement exists neither on the chronology of the 

size reduction, nor if only one occurred. This study focuses on a well-constrained region, 

Apulia, hence excluding a geographical-driven explanation for the observed values. 

However, in fossil S. scrofa from Apulia large dimensions are, conversely, associated with 

interglacial stages, and this study focuses on a well-constrained region, hence excluding a 

geographical-driven explanation for the observed values. Moreover, several studies have 

casted doubt on the generality of Bergmann’s rule (e.g. Ashton et al., 2000; Yom-Tov and 

Geffen, 2006; McNab, 2010; Huston and Wolverton, 2011). Indeed, contrary to the rule 

predictions several fossil mammals underwent drops in size in colder climatic conditions 

(Kurtèn, 1968; Collinge, 2001; Lister et al., 2010) or exhibited a series of size fluctuations 

for which climate is hardly the solely responsible (Marciszak et al., 2019; Made et al., 2014). 

Several studies highlights as in fossil mammals, the glacial specimens were in general 

smaller than the interglacial ones, interpreting this evidence as the result of an adaptive 

response to the open-environments degradation and the consequently lower environmental 

productivity (Asperen, 2010). Similarly, Mazza and Bertini (2013) observed evidences of 

climate-driven body size changes in Pleistocene hippopotamuses, with larger specimens 

found in warmer intervals and smaller individuals in colder settings. The authors argued for 

the combined importance of the short-term Pleistocene climatic cycling (recurrent stresses) 

and the long-term Quaternary habitat fragmentation (general deterioration), in promoting 

less favourable environmental conditions. During glacial periods, in the Mediterranean area 

the reduced availability of trophic resources was even more pronounced, with generally 

open palaeoenvironments dominant (steppe and/or grasslands) (Allen and Huntley, 2009; 



335  

Renault-Miskovsky et al., 2011, 2015; among others). Moreover, Apulia is a relatively 

isolated peninsula, whose geographical setting may have exacerbated the patchiness of the 

environment in cooler and drier stages. Therefore, a great deterioration and fragmentation 

of the forest, and consequently the decrease of the available trophic resources and the 

increase of the competition, might have promoted the observed size reductions in S. scrofa 

during the glacial stages. Indeed, in the low trophic Mediterranean area, extant wild boars 

from Andalusia (southern Spain), Corsica (France), and Sardinia (Italy) are usually grouped 

in the subspecies S. scrofa meridionalis, whose small size is the most distinctive trait 

(Groves, 2007). However, Corsica and Sardinia are islands whereas Andalusia is a low 

trophic, but continental, region, similarly to Apulia. 

These examples testify that “rules” alternative to Bergmann’s thermoregulatory principle 

better explain the wild boar geographic size pattern, such as the “resource rule” (resource 

availability, McNabb, 2010) or the “eNPP rule” (amount of ecologically and evolutionarily 

relevant net primary productivity, Huston and Wolverton, 2011). Indeed, several empirical 

studies that have evaluated the adherence of different species to Bergmann’s principle 

(Ashton et al. 2000; Freckleton et al., 2003; Meiri and Dayan 2003), have also denoted a 

dissimilar attitude to follow the rule in large and small mammals, with no or different patterns 

more common in smaller species (e.g. adherence to the rule: > 85% in species larger than 

5 kg; < 50% in species smaller than 0.5 kg; Meiri and Dayan, 2003). However, on a 

theoretical ground this differential response is in contrast with Bergmann’s thermoregulatory 

explanation, since small mammals are supposed to display a stricter adherence to the rule, 

being affected by a higher rate of heat dispersion (Steudel et al., 1994; Ashton et al., 2000). 

The paradox is solved if another underlying principle is proposed to describe the observed 

pattern: the availability of trophic resources (McNab, 2010; Huston and Wolverton, 2011).  

In fact, in this case the differences between large and small mammals can be interpreted as 

differences between, respectively, K and r-selected species (which differ in terms of 

productivity and efficiency of reproduction), the latter being more prone to evolve faster 

adaptations to cope with resources oscillations (Pianka, 1970; Tuomi, 1980). 

Palaeontologists are well aware of the dissimilar rate of change in small and large mammals, 

which enhance the importance of integrated biochronological scales (Gliozzi et al., 1997; 

Masini and Sala, 2007). 

Of course, the dichotomy between r and K strategy is an empirical generalization and 

species are distributed along an ecological continuum (Pianka, 1970; Tuomi, 1980). Indeed, 

despite being large mammals, suids are relatively r-selected species (Martínez-Navarro et 
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al., 2015) and this is reflected in the great biochronological value of this group (e.g. White 

and Harris, 1977). The wild boar, in particular, can be considered the most r-selected extant 

large mammal, being the ungulate species with the highest reproductive potential in relation 

to its body mass (Bieber and Ruf, 2005).  

This perspective provides further support for the evolutionary scenario reconstructed for the 

late Middle Pleistocene-Early Holocene S. scrofa in Apulia and challenges the supposed 

conformity of the species to Bergmann’s rule. In fact, the ecological strategy adopted by the 

species is in contrast with an adherence to the rule, but explains how the wild boar managed 

to cope with the severe resource fluctuations occurred during glacial stages with a size 

reduction pattern, whereas other large mammals reacted by modifying their range or went 

extinct.  

The other species analyzed in this study is Bos primigenius. The first occurrence of aurochs 

(B. primigenius) in Italy is from the early Middle Pleistocene mammal assemblage ascribed 

to the Isernia F.U. (Galerian LMA), such as Venosa-Notarchirico (Matera, Southern Italy) 

(ca. 0.6 Ma Lefèvre et al., 2010) and Valdemino (Sala & Masini, 2007). This species 

represents the only bovid taxon recovered in the southern Italy starting from the late Middle 

Pleistocene (Sala et al., 1992). The upper and lower teeth of aurochs from Apulia show a 

large variation in size during the late Middle to Late Pleistocene. No trend can be detect, but 

despite this the sample referred to Last Glacial (MIS 2) displays a largest body-size.  

The aurochs could be originated from Africa, and it should be well-adapted to temperate-

warm climatic conditions (Martinez-Navarro et al., 2007). Nevertheless, this species 

represents a very common element among the mammal associations during the Middle to 

Late Pleistocene of Europe, found in assemblage referred to both glacial and interglacial 

stages. It was hypothesized that the warm climatic conditions can favor the increase of its 

body size (Pandolfi et al., 2011). On the contrary, Cerilli & Petronio (1992) carried out a 

morphological and morphometric analysis of the skeleton elements of B. primigenius from 

the Middle to Late Pleistocene of Italian Peninsula. The results demonstrated that the 

aurochs went through an increase of size until it reached its largest dimensions during the 

MIS 8-6 and later became smaller (> MIS 5). In addition, large body size was also found in 

specimens recovered in deposits referred to cold periods during the Late Pleistocene, such 

as Canale Mussolini (MIS 4) and Grotta Paglicci (MIS 2) (Wright, 2013). Even if B. 

primigenius can be originated in Africa, its presence is also well documented during the 

glacial stages during the late Quaternary across Europe. Finally, the results of the statistical 
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analysis are consistent with what was proposed by Cerilli & Petronio (1992) and Wright 

(2013), with the largest body size recognized during the glacial stage.  

Among cervids, Cervus elaphus and genus Dama have been statically analyzed.  

The extant C. elaphus is an ecologically plastic species widespread across the Europe, 

northern Africa and southwestern Asia. It inhabits open deciduous woodlands, mixed 

deciduous-coniferous and coniferous woodlands, Mediterranean maquis scrub, natural 

grasslands, pastures and meadows, however preferring broadleaved woodlands 

interspersed by large meadows (Koubek & Zima 1999). The red deer is also found in open 

mountainous areas (sometimes above the treeline). The presence of the red deer is well 

documented by the Apulian fossiliferous sites, in both glacial and interglacial stages.  

The results of the statistical analysis suggested that the specimens from the late Middle 

Pleistocene (MIS 9-8) show a largest variation in size, but with a general small dimension. 

A similar small size was also observed in the sample referred to early Late Pleistocene (MIS 

5-4). On the contrary, the sample from MIS 7-5, MIS 3 and MIS 1 are larger, but nevertheless 

the largest dimension is recognized in the MIS 2. Di Stefano et al. (2015) demonstrated that 

the Italian fossil sample of reed der displayed an increase in size during the MIS 4-3, even 

if the sample from southern Italy was limited and therefore this result was not statistically 

supported. Finally, the authors stated that the sample from MIS 2 of the northern Italy 

belonged to a large-sized reed deer. Finally, a stasis in size through the Late Pleistocene 

was also suggested. The results of this analysis instead suggest that the red deer went 

through several size variations during the late Middle to Late Pleistocene, reaching the 

largest dimensions during the MIS 2. A similar results was reported by Made et al. (2013) 

for a large dataset from European Middle to Late Pleistocene sites. In particular, the sample 

form MIS 7 shows a larger size than earlier (MIS 9) and later (MIS 5) ones. Unfortunately, 

the paucity of the sample from MIS 2 prevents to evaluate its size and relation to the other 

glacial and interglacial samples. Large dimension of glacial specimens was also recognized 

by Steele (2002), who also documented a smallest size for the sample referred to the MIS 

5. 

However, albeit the body size of the red deer has been investigated by some authors, there 

is no interpretation of size variations. Ecological factors that can influence the body size of 

mammals include climate (mainly temperature and seasonality), population density and 

interspecific competition (Geist, 1971, 1987; Lindstedt & Boyce, 1985; Weinstock, 1997).  

Food stress derived from climate change can affect the size of herbivores such as reindeer 

by placing a limit on the size (Weinstock, 1997), especially in the case where there is a shift 
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from a condition of greater abundance of available vegetation, typical of interglacials, to a 

condition of relative scarcity, typical of glacial periods. In fact, more severe winters, for 

example, cause a strong decrease of the food supply and lead to a higher mortality rate 

(Weinstock, 1997). As of consequence, during the following growth season the intraspecific 

competition decreases (Guthrie, 1984). The reduction of competition in turn, led to a higher 

quality and quantity of food resources, giving rise the development of a large body size 

(Weinstock, 1997). In this scenario, the fluctuation of body mass in Middle Pleistocene red 

deer of Europe contrasts what generally supposed on size variation as response to climate. 

A possible interpretation of this body-mass fluctuation could be the result of a mix between 

ecological factors and climate. In fact, the red deer inhabiting a wide range of habitats, 

including forest, scrubland and grassland, preferring temperate climatic conditions. Despite 

the high completion, during the interglacial the paleoenvironmental framework was favorable 

for the diffusion of this taxon, with higher quality and quantity of food resources. The increase 

of food supply could result in the development of a larger body size, supporting the large 

size recognized during the Last Glacial (MIS 2, Late Pleistocene) (Steele, 2002; Di Stefano 

et al., 2015; Made et al., 2013). By the start of Middle Pleistocene, the Last Glacial was the 

more intense glacial episode, with a strong impact on mammal assemblage. This could 

mean that only during the Last Glacial the cold climatic conditions affected the distribution 

on mammals and their body-mass. Probably, rather than a high quality and quantity of food 

resources, the large size during the Last Glacial could be a consequence of a reduction of 

the demographic pressure in relation to a higher mortality rate (Weinstock, 1997). 

The extant Dama dama is widespread in the western Palearctic, whereas in the Middle East 

Dama mesopotamica occurs. The fallow deer is a highly plastic species, inhabiting a wide 

range of habitats, including forests, shrublands and grasslands. In the studied material three 

species were identified: Dama roberti, Dama clactoniana and D. dama. The Robert fallow 

deer (D. roberti) was only identified in Contra Monticelli site, and therefore was excluded by 

the statistical analysis. The Clacton fallow deer (D. clactoniana) possessed a medium size, 

clearly different from the first representatives of D. dama. Furthermore, this first 

representatives are smaller than those from Late Pleistocene, whereas they are similar to 

the extant ones. The difference in size between D. clactoniana and the earlier D. dama could 

be explained likewise with what proposed for the red deer, which emphasizes the strong 

relationship between the body size and both ecological factors and climatic conditions.  

This also explains why the specimens of fallow deer from the glacial stages display a larger 

dimension than the first representatives. Finally, the paucity of the sample of D. clactoniana 
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considered in this study prevents to investigate its possible body size variability during the 

Middle Pleistocene.  

Among the carnivorans, few species display a size variability during the late Middle to Late 

Pleistocene. Among these, Canis lupus shows a marked size trend through time, with an 

increase of size during the MIS 3. The extant Grey wolf (C. lupus) follows the 

ecogeographical Bergmann’s rule, with larger specimens found in the northern part of its 

range. The large size of the northern populations has been explained as adaptations to cold 

climatic conditions.  

In Europe, the first large-sized specimens of C. lupus started appearing during the MIS 8 in 

the deposits of Naciekowa Cave (Poland) (Made et al., 2014). Nevertheless, the largest form 

of Grey wolf was reported from several French sites chronologically referred to MIS 3, which 

have been ascribed to subspecies Canis lupus maximus (Boudadi-Maligne, 2010). 

In Apulia Peninsula, the large-sized specimens were recognized in a time-span from MIS 3 

(e.g., Avetrana) and to MIS 2 (e.g., Cardamone), therefore differing from the ones found in 

the late Middle Pleistocene (e.g., Grotta Romanelli, Melpignano, San Sidero) and early Late 

Pleistocene (e.g., Ingarano) (Mecozzi & Bartolini Lucenti, 2018). The changes in body size 

has been interpreted as a dispersal in southern Europe of the “glacial wolves” (large-sized), 

occurring during the MIS 3. However, whereas in northern Italy the glacial wolves were found 

in association with other taxa well-adapted to cold climatic conditions and referable to the 

“Mammuthus-Coelodonta Faunal Complex” by the start of MIS 3, in the South the presence 

of C. lupus associated to Mammuthus primigenius and Coelodonta antiquitatis was reported 

only by Cardamone (Lecce). During the MIS 3 the glacial wolves were found in faunal 

associations indicating temperate climatic conditions. Considering that the Grey wolf is so 

adaptable to a wide range of different environments and that travels a great deal, it can be 

therefore readily imagined that it is not strictly connected to glacial conditions.  

Another canid taxon, Vulpes vulpes, shows a low variation in upper and lower teeth during 

the late Middle Pleistocene to Early Holocene. Nevertheless, the sample from MIS 9-8 

displays a smaller size of the upper and lower carnassials than late Middle Pleistocene to 

Early Holocene ones. The extant red fox shows a highly morphological and morphometric 

variability, even if it cannot detect any geographical trend and/or relation with climatic 

conditions (Szuma, 2002, 2003). On the contrary, this carnivoran displays a large 

geographical variability of the teeth shape, mainly related to its diet (Szuma, 2002, 2003, 

2004, 2008). Surprisingly, the analysis of the extant specimens collected during the 1990s 

from the same region shows as the teeth of the red fox went through a microevolutionary 



340  

change in the morphological dental pattern (Szuma, 2002, 2003, 2004, 2008). For example, 

the extant red fox from Poland collected from 1927 to 1996 showed large changes in dental 

features through the time, reflecting mainly the growing opportunistic diet (Szuma, 2003, 

2004). Consequentially, the morphology of the teeth is huge variable in relation to the diet 

(Szuma, 2003, 2008). Thereby, the huge variability of the dental features recognized in an 

extant population or in different extant populations inhabiting the same region makes the 

only morphological approach a weak tool for the study of the fossil sample. 

 Concerning the biometry, a larger size for the red fox is commonly referred to northern 

populations, well-adapted to cold climatic conditions, as in the case of the Grey wolf 

(Petronio et al., 2006). The statistical analysis performed in this study highlighted a stasis in 

the upper teeth of the red fox except for the sample from MIS 9-8. On the contrary, the lower 

carnassial shows a larger size, on the average, during the MIS 7-5, with a decrease during 

the Late Pleistocene and Early Holocene. The lower carnassial from MIS 9-8 is smaller than 

that from MIS 7-5, but quite similar to the samples from Late Pleistocene and Early 

Holocene. In this scenario, correlating these dental variations to the climatic changes is 

extremely difficult, since they seem to reflect no evolutionary trend and/or specific 

adaptations.  

During the Late Pleistocene in Europe, species typically present in colder environment 

widened their geographic range toward lower latitudes, reaching the southern part of the 

Italian peninsula. Examples are Mammuthus primigenius, Coelodonta antiquitatis, Capra 

ibex, Marmota marmota and Nyctea scandiaca (Capasso Barbato et al., 1989, Minieri et 

al.,1993; Tagliacozzo, 2003; Rustioni et al., 2003), suggesting that the cold climatic 

episodes have taken place during the last 125000 years BP, and supporting the view that 

the Italian peninsula acted as a glacial refuge during the last glacial periods.   

The last carnivorans considered for the palaeoenvironmental reconstruction is Gulo gulo. 

The extant wolverine occurs in the northern part of Europe and North America in a wide 

variety of habitats, from forests to tundra, from plains to mountains (Mitchell-Jones et al., 

1999). This species changes the typology of the habitats in relation to the season, with 

higher elevations during summer and lower elevations during winter, affected by the spring 

snow coverage and high summer temperatures strongly linked to the reproduction and 

survival of the young (thermal advantage and refuge from predators) (Pulliainen,1968; 

Bjäarvall et al.,1978; Magoun & Copeland, 1998; Persson et al., 2003). The wolverine has 

been considered for a long time as a good environmental-climatic marker during the 

Pleistocene, where its occurrence was interpreted as indicator of cold climatic conditions 
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(Capasso Barbato et al., 1989). However, G. gulo was widely widespread across Europe, 

reaching the Italian and Iberian Peninsula and recognized in both glacial and interglacial 

stages (Capasso Barbato et al.,1989; Döppes, 2001b). Its last occurrence in Italian 

Peninsula was from Riparo Fredian, during the Pleistocene-Holocene transition (Cilli, 1998). 

The fossil record of the wolverine highlights as its remains were found in fossiliferous sites 

located in hills-climb area or afoot of mountainous chains (Doppes, 2001a; Cipullo, 2005). 

Nowadays, the historical data demonstrate that the southerly populations of G. gulo in 

western North America occupy the peninsular extensions of boreal forests along the Rocky 

mountain (Hash, 1987; Pasitschniak-Arts & Larivière, 1995; Copeland et al., 2013). The 

strong relation between its presence and the mountain chain can be also observed in the 

extant population from Norway and Sweden (Hash, 1987; Copeland et al., 2013). Thereby, 

not only the presence of G. gulo needs of temperate to cold climatic conditions, but rather it 

is constrained to the presence of mountain chain, which could also represent an ecological 

corridor in dispersal of this species. This strong relation could explain why the wolverine 

were found in fossiliferous localities of the southern Europe chronologically referred to 

interglacial stage.  

 

Concerning the palaeoenvironmental knowledges, the Apulian region is quite poorly 

investigated, due to the scarcity of long stratigraphical successions including absolute 

datings. To date, the palaoebotanical research have been performed only in two sites, Tana 

delle Iene and Santa Maria d’Agnano. For the first site, hyena coprolites have been analysed 

by Petrucci et al. (2005) and Gatta et al. (2016). The results suggested the presence of an 

open environment, steppe-grasslands, with swampy and saltwater areas.  The climate was 

probably cold and arid, although the presence of D. dama and M. arvalis indicated a certain 

degree of humidity as well as plant taxa found in steppe/grasslands and forest environment. 

The deposit of Tana delle Iene has been chronologically referred to MIS 3 (Giaccio & 

Coppola, 2000). In the other site, Santa Maria d’Agnano, the sedimentary succession, where 

the Ostuni 1 burial was found, and that located outside the cave, called SMA-esterno, have 

been sampled. Two radiocarbon the Ostuni 1 dating yielded an age between 24410 ± 320 

yr BP and 23000 ± 107 yr BP (Renault-Miskovsky et al., 2015). The palaeoenvironmental 

reconstruction pointed out the presence of the steppe, with scarce presence of arboreal taxa 

(Renault-Miskovsky et al., 2011, 2015). The climate was probably cold and dry (Renault-

Miskovsky et al., 2011, 2015). The SMA-esterno sequence was sampled from the level 

US6A to US4A, dated from 15255 ± 65 yr BP and 9973 ± 55 yr BP (Renault-Miskovsky et 
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al., 2015). The polline spectrum indicated the presence of open environment characterized 

by cold and dry climatic conditions (Renault-Miskovsky et al., 2015). 

As previously stated, the palaoebotanical data for the Apulia region are very poor, preventing 

the reconstruction of the evolutionary pattern of the environment from the late Middle 

Pleistocene to Early Holocene. But despite this, a possible scenario could be hypothesized. 

Concerning the MIS 4, the climatic conditions could be closer to those that characterized 

the other glacial stages (e.g., MIS 6), especially for the Last Glacial (MIS 2). Moreover, even 

though considered an interglacial, during the MIS 3 the climatic conditions were quite cold 

and arid, with open environment dominant, which include steppe, wooded steppe and 

grasslands. Thereby, it sounds quite likely that during MIS 4 the climate was similar to that 

occurring during the MIS 3 and the MIS 2. The presence of steppe was also well 

documented during the MIS 6, as recognized in the sedimentary succession from the Lago 

Grande di Monticchio (Allen & Huntley, 2008).  

On the contrary, reconstructing the climate of the Last Interglacial (MIS 5) appears more 

difficult. This period is characterized by warm and humid climatic conditions, and 

consequently the forest was supposed to rule the environment. Against, the data from one 

of the main references for palaoebotanical research for the southern Italy, Lago Grande di 

Monticchio, designated a more complex framework (Allen & Huntley, 2008). In fact, the 

polline spectrum reported well documented plant taxa referred to steppe up to the end of 

MIS 6 (about 127000 yrs), and found again approximately starting from 109000 yrs (Allen & 

Huntley, 2008). The same pattern was also found for the grassland taxa, which were always 

present but with lower percentage during the first part of the Last Interglacial (127000 – 

109000 yrs) (Allen & Huntley, 2008). However, when the open environment was strongly 

reduced, open or closed forest occurred, where temperate taxa dominated (Allen & Huntley, 

2008). It is necessary to consider that this lake is situated on the western flank of the dormant 

volcano, Monte Vulture, at 656 m a.s.l., and therefore its record could be influenced by the 

altitude.  

A larger number of studies focused on the ecological dynamics of the environment, 

especially for the definition of the vegetation series and the ecosystems, and consequently 

several theories have been hypothesized (Firbas, 1949, Iversen 1960, 1973; among others). 

One of these has been proposed by Vera (2000), known as “wood-pasture hypothesis”, 

which suggested that during the Interglacial stage, large herbivores played a key-role to 

maintain an open landscape, creating a mosaic of open steppe/grassland and/or wooded 

steppe/grasslands. Many management police of the forest have been designed based on 
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the Vera’s hypothesis, focused to restore or maintain the first stadial of a vegetational 

succession (Vines, 2002; Kirkby, 2004; among others). Moreover, albeit wood-pasture 

hypothesis stimulated a lengthy and heated debate, which continued even today, the 

significant impact played by large herbivores on the forest structure and composition is 

largely accepted (Mitchell & Kirby 1990; Zimov, 1995; Humphrey et al. 1998; Bradshaw & 

Mitchell, 1999; Birks, 2005; Mitchell, 2005; among others). Therefore, albeit the climatic 

condition were able to influence the biome present into a region, the different succession 

stadial of the vegetation were always represented in accordance with the Vera’s hypothesis.  

This means that during a interglacial stages, the forest tend to the expansion but 

simultaneously the open environment (steppe, wooded steppe and grasslands) always 

occur.  

 

In this scenario, the study of mammal assemblages from a fossiliferous deposit 

chronologically referred from Middle Pleistocene to Early Holocene requires a 

multidisciplinary approach. In fact, the presence/absence of mammal taxa is the result of a 

random set of interactions during the accumulation of the bones, which is therefore strongly 

linked to the taphonomical processes. For instance, natural traps can have a different origin, 

such as karst infilling deposit, shores of a lake or river, which can be originated by a high or 

low energy water. Among taphomical factors, the water is the main element that select the 

size of the bones and consequently influence the faunal composition. For example, the bone 

bed accumulation originated by a high energy water allows the deposition of the fossil 

remains of medium- to large-sized vertebrate. Furthermore, starting from the Middle 

Pleistocene, the human presence is the main factor that is involved in the bone 

accumulation. Therefore, the faunal composition mainly reflects the hunted acitivity by 

human, where the medium-sized ungulates represent the largest part of the fossil sample.  

On the contrary, the results of the analyses conducted in this work confirm the strong 

relationship between body size and ecological factors and climate. Therefore, merely 

consider the presence/absence of mammal taxa to carry out paleoenvironmental 

reconstruction is insufficient. In addition to taphomical data, and when possible, to 

paleobotanical and sedimentological analyses, the paleoenvironmental reconstruction 

should be built considering a mix between presence/absence of mammal taxa and their 

body size.  
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7.3 Regional framework of mammal assemblages 
Nowadays, in the Apulian region three different macro-regions can be identified, mainly 

based on geography, physiography and climate: Gargano Promontory, Murge and Salento. 

Considering this, the possible differences in the structure of the faunal assemblages from 

these distinct regions have been evaluated across the time.  

During the late Middle Pleistocene, fossiliferous localities have been found only in Salento 

and Gargano Promontory (Tab. 91). During the MIS 9-8, only Salento deposits are known, 

and the faunal assemblages are rather similar, with the presence of E. mosbachensis, D. 

clactoniana and megaherbivores. During the MIS 7-5, the Pyrenean chamois occurred only 

in the Gargano Promontory, whereas the ibex was found from the sites Paglicci – Riparo 

esterno (Gargano Promontory) and level G of Grotta Romanelli (Salento) (Tab.92). From 

the latter level, also the presence of the European otter (Lutra lutra) is documented, the only 

evidence of this species up to the end of the Late Pleistocene (MIS 2). On the contrary, only 

in the Gargano promontory is reported the brown bear (Ursus arctos). Another interest and 

poorly represented species in these localities is Vinogradovi Hystrix (Hystrix vinogradovi), 

found only in the bed 2-7 of Avetrana. Finally, the occurrence of Hundsheim rhinoceros 

(Stephanorhinus hundsheimensis) is reported only from the levels K-I of Grotta Romanelli.  

During the MIS 5, the structure of the faunal assemblages is rather similar to those from the 

late Middle Pleistocene (Tab. 92). As stated in the previously chapter, the age of the talus 

of the Ingarano is uncertain, preventing any chronological considerations. 

According to the results of this work (chapter 6.7), the attribution of lynx material should be 

carried out based on craniodental features. Thereby, the upper incisive from the Grotta del 

Cavallo is here attributed to Lynx sp. Finally, in the Ingarano site is documented one of the 

sporadic presences of the wolverine in Italy, with a well preserved complete hemimandible.  

During the MIS 4, the megaherbivores were not reported, excepted for rhinoceros species, 

including Stephanorhinus hemitoechus, Stephanorhinus kirchbergensis and several 

remains not attributed to specific level (Stephanorhinus sp.) (Tab. 93). The Regalìa ass was 

absent in the Gargano Promontory and only reported from Grotta Laceduzza in the Murge. 

On the contrary, the presence of the leopard was documented only from the Gargano 

Promontory. Finally, the cave bear (Ursus spelaeus) was only reported from the Grotta 

Santa Croce, even if no remains was found during the revision collection stored at IsIPU 

(see chapter 4.1.2).  Over the MIS 3, the impoverishment of the mammal assemblages was 

going on, and the rhinoceros was only documented in two sites, Riparo l’Oscurosciuto and 

bed8 of Avetrana (Tab. 94).  



345  

The Pardel lynx (Lynx pardinus) was only reported from Grotta Masseria del Monte. Several 

medium to small-sized mammals probably were present in the region, but no remains were 

found, such as the Vinogradovi hystrix, leopard, European badger and Brown bear.  

During the Last Glacial (MIS 2), the faunal assemblages were dominated by equids, aurochs 

and well represented red deer (Tab. 95). The presence of the wolly mammoth (Mammuthus 

primigenius) and the wolly rhino (Coelodonta antiquitatis) was documented by two localities, 

Cardamone and Gagliano del Capo. Furthermore, also the last occurrences of P. pardus, 

P. spelaea and U. spelaeus are recorded in the region.  

Albeit there were few sites referred to Early Holocene (MIS 1), the faunal assemblages were 

quite similar to the extant ones, with low richness of mammal taxa (Tab. 96). The fossil 

remains of C. crocuta from Grotta delle Mura could represent its last occurrence from Italian 

Peninsula and one of the lastest across the Europe.  

In conclusion, the comparison of the mammal assemblages from the three distinct regions 

shows no marked differences in the mammal assemblages during the late Middle 

Pleistocene to Early Holocene, but always considering the scantly record from the Gargano 

Promontory.  
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Tab. 92 – Faunal assemblage from the late Middle Pleistocene sites of the Apulia. 

 

Site Melpignano - 
Coll. Mirigliano

Melpignano - 
Cava Nuzzo

Melpignano - 
Cava Bianco

San Sidero - 
Cava L

San Sidero - 
SS6

Grotta di 
Capelvenere

Grotta 
Romanelli

Grotta 
Romanelli

Paglicci- 
Riparo 
esterno

Vieste
Grotta 

Romanelli

Region Salento Salento Salento Salento Salento Salento Salento Salento
Gargano 

Promontory
Gargano 

Promontory
Salento

Level terre rosse terre rosse terre rosse terre rosse terre rosse Levels 1-10 Level K Level I Level G
MIS MIS 9-8 MIS 9-8 MIS 9-8 MIS 9-8 MIS 9-8 MIS 9-8 MIS 9 MIS 8 MIS 7-6 MIS7-5 MIS 7-6

Radiometric age 325.003 ± 
39053

359.965 ± 
87386 - 

218.820 ± 
34.265

115.477 ± 
1286 - 

112.506 ± 
1286

                              Reference                                            
Specie This work This work This work This work This work This work This work This work

Boscato 
(2001)

Di Canzio & 
Di Stefano 

(1995)
This work

Bos primigenius X X X X X X X X X
Bos sp. X
Capra ibex X X X X
Rupicapra cf. pyrenaica X
Dama clactoniana X X X
Dama cf. clactoniana X X X
Dama sp.
Dama dama X X X
Cervus elaphus X X X X X X X X X X
Capreolus capreolus X X X X X X
Megaloceros giganteus X
Sus scrofa X X X X X X X X X
Stephanorhinus hundsheimensis X X
Stephanorhunus kirchbergensis
Stephanorhinus hemitoechus X X X X
Stephanorhinus sp. X X X X
Hippopotamus tiberinus X X
Hippopotamus sp. X X X X
Palaeoloxodon antiquus X X X X X X
Equus hydruntinus X X X X
Equus mosbachensis X X X X X X
Equus ferus X X
Equus sp. X
Canis lupus X X X X X X X X
Canis  sp. X X X
Vulpes vulpes X X X X X X X X X
Crocuta crocuta X X X X X X
Lynx pardinus X X X X X
Lynx sp.
Felis silvestris X X X
Panthera spelaea X
Panthera pardus X X X
Ursus arctos X
Meles meles X X X X
Mustela putorius X
Lutra lutra X
Histryx vinogradovi
Oryctolagus cuniculus X X X X X X X X X
Lepus europaeus X X X X X X
Lepus sp. X
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Tab. 93 – Faunal assemblage from the early Late Pleistocene sites (MIS 5) of the Apulia. 
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Tab. 94 - Faunal assemblage from the MIS 4 of the Apulian site. 
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Tab. 95 - Faunal assemblage from the MIS 3 of the Apulian sites. 
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Tab. 96 - Faunal assemblage from the MIS 2 of the Apulian sites  
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Tab. 97 - Faunal assemblage from the Early Holocene sites (MIS 1) of the Apulia. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Site Grotta 

della Jena

Grotta del 

Cavallo

Grotta 

delle 

Cipolliane - 

Riparo C

Grotta delle 

Prazziche

Grotta di 

Uluzzo

Grotta 

Romanelli
Melpignano

Region Murge Salento Salento Salento Salento Salento Salento

Level Level A Level 3 Level 2 Level B Levels 4-1 Level C Levels I-C Level A-E terre brune

MIS MIS 1 MIS 1 MIS 1 MIS 1 MIS 1 MIS 1 MIS 1 MIS 1 MIS 1

Radiometric age

10,550 ± 

140 BP - 

11,330 ± 

50 BP

8,290 ± 50 

BP - 8,249 

± 120 BP

< 11,858 ± 

85 BP

6,216 ± 23 

BP

                              Reference       
Species This work

Bon & 

Boscato 

(1993)

Bon & 

Boscato 

(1993)

Palma di 

Cesnola 

(1963)

Palma di 

Cesnola 

(1962)

Borzatti von 

Lowenstern 

(1966)

Borzatti von 

Lowenstern 

(1963, 

1964)

Tagliacozzo 

(2003); this 

work

Pandolfi et 

al. (2017)

Bos primigenius X X X X X X X X

Bos sp. X

Bos taurus X

Ovis vel Capra X

Rupicapra sp. X

Cervus elaphus X X X X X X X X

Capreolus capreolus X X X X X

Sus scrofa X X X X X X X

Equus hydruntinus X X X X X X X

Equus ferus X X X X X X

Canis lupus X X X

Canis sp. X

Vulpes vulpes X X X X X X X

Crocuta crocuta X

Lynx lynx X

Felis silvestris X X X X X

Martes martes X X

Meles meles X X X X X

Oryctolagus cuniculus X X

Lepus corsicanus X

Lepus europaeus X X X X X

Grotta delle Mura

Murge
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7.4 Biochronology of the Apulian sites 
 
The Apulian region is a key-territory for the investigation the human evolution and the 

climatic changes took place during the Quaternary in the Mediterranean area, due to both 

the richness of the fossiliferous sites and its strategic position. Despite this, the chronological 

framework of the region was based on the data from few deposits (e.g., Grotta del Cavallo, 

Grotta Paglicci, Grotta di Lamalunga), since most of these have been studied during the 

1950-1960s lacking therefore of absolute radiometric dating (C14 and U/Th) as well as 

sedimentological, volcanic and palaoebotanical analyses (e.g., Grotta Mario Bernardini, 

Grotta dei Giganti). In addition, only preliminary studies have been performed  

on the lithic artefacts and fossil remains of mammals from most of these sites.  

Considering the importance of this region for the study of the human occupation and 

evolution, with especial attention on the transition between Homo neanderthalensis and 

Homo sapiens (also known as Middle-Upper Paleolithic transition), a systematic revision of 

the older collections of the lithic industry started (Spinapolice, 2009; Cancellieri, 2017; Guerri 

et al., 2017; Spinapolice, 2018; among others). In this scenario, also the revision of the older 

collections of fossil remains of mammals is needed, in order to update the biochronological 

framework and the palaeoenvironmental context.  

During the late Middle to Late Pleistocene, the mammal fauna of the Eurasian continent 

progressively acquired modern features, with the extinctions generally prevailed on the 

appearances of the new species (Alberdi et al., 1997, Gliozzi et al., 1997). By the start of 

the Middle Pleistocene, the climatic differences between warm and cold stage became more 

marked producing a strong regionalism in climatic conditions (Sala & Masini, 2011).  

Consequently, several distinct biogeographical areas related to the presence of different 

migration paths have been identified, linked to sea level-climatic phases and to local climatic 

and microclimatic factors (Bedetti et al., 2001).  

Taking in account several parameters, among which the increased of the documentation 

and intensity of the climatic fluctuations, a finer chronological detail needed and, therefore, 

the Marine Isotope Stage (MIS) scale has been used. This scale scans the chronology with 

a more precise detail and strongly correlated with the major climatic oscillations.  

Moreover, many vertebrate assemblages from the Late Pleistocene deposits of Apulia area 

have been described in literature, but only some of them had a significant role for  the 

reconstruction of the biochronological framework of the Apulian Peninsula during the Late 

Pleistocene.  
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Grotta del Cavallo succession represents one of the most important sites for the 

investigation of the climate changes and Homo diffusion during the Late Pleistocene in the 

Mediterranean Europe. In the rich mammal association discovered in the lower levels of the 

deposit (L-H), the straight-tusked elephant and hippo were not reported and most of the 

fossil sample was represented by the wild horse, followed by cervids (Cervus elaphus and 

Dama dama) (Palma di Cesnola, 1964; Sarti et al. 2002). In the upper level (F), the structure 

of the association changed and most of fossil sample was attributed to Bos primigenius and 

cervids (C. elaphus and D. dama) (Sarti et al. 1998). Finally, the association from the level 

E (the upper part of the succession) was dominated by B. primigenius and followed by E. 

ferus and C. elaphus (Boscato & Crezzini 2012). Another significative site is the Riparo 

l’Oscurusciuto, discovered in the Taranto gulf (Boscato & Crezzini 2012; Spagnolo et al. 

2016). The radiocarbon dated US1 indicated cal 42.724 ± 716 BP (Boscato & Crezzini 

2012), whereas US14 included a tephra level referred to Green Tuff (Ischia) of Mt. Pompeo 

(55 ky BP) (Spagnolo et al. 2016). The most represented species of the mammal faunal 

from US1-9 is B. primigenius. In Grotta B di Spagnoli, the stratigraphic sequence consists 

of two levels with different palaeoenvironmental conditions chronologically referred to  

MIS 4 (Sala 1978). The lower level included a mammal assemblage dominated by the fallow 

deer, whereas in the upper level the wild horse was the most represented species (Sala 

1978). The long stratigraphy of the site of Tana delle Iene includes two tephra levels, the 

lower one (US9) referred to an early eruption event of the Ignimbrite Campana, dated <60 

ky (Giaccio & Coppola 2000) and the upper one (US1) attributed to the Codola Plinian 

eruption (33 ky BP) (Giaccio & Coppola 2000). The faunal remains recovered from US8 

included the fallow deer associated with the aurochs and the wild horse, chronologically 

constrained to MIS 3. The long and well-preserved Grotta Paglicci stratigraphic sequence 

included 26 archaeological levels referred to the Lower-Middle Palaeolithic (layers 30-25) 

and Upper Palaeolithic (24-3a) (Late Pleistocene) (Palma di Cesnola, 1991, Boscato, 1994). 

The mammal fauna from the levels 24-18b was dominated by B. primigenius, C. ibex and 

equids (E. ferus and E. hydruntinus) (Sala, 1983; Boscato, 1994; Boschin et al., 2018). 

Throughout the Last Interglacial (MIS 5) took place the last appearance of two of the most 

common and widely diffused species in the Italian Peninsula during the Middle Pleistocene: 

the straight-tusked elephant Palaeoloxodon antiquus (Falconer and Cautley, 1847), and the 

hippo (Hippopotamus ex. gr. antiquus Desmarest, 1822 (=Hippopotamus tiberinus Mazza, 

1991) - Hippopotamus amphibius Linnaeus, 1758) (Mazza, 1995; Caloi and Palombo, 1995; 

Caloi et al., 1998; Braun and Palombo, 2012; Mazza and Bertini, 2013; Pandolfi and 
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Petronio, 2015). The occurrences chronologically referred to the early Late Pleistocene  

(MIS 4) (Caloi and Palombo, 1995; Petronio and Sardella, 1998; Pandolfi and Petronio, 

2015) are actually questionable due to their uncertain stratigraphic and geological 

framework, with no compelling evidence of such attributions (Mazza, 1995; Bedetti et al., 

2001; Braun and Palombo, 2012). The taxonomy of hippo is still unclear; several authors 

suggested that the Early Pleistocene specimens should be attributed to Hippopothamus 

antiquus, the Middle Pleistocene ones to Hippopothamus tiberinus (H. ex gr. antiquus) and 

those from the early Late Pleistocene to Hippopothamus amphibius (Mazza, 1995; Mazza 

& Bertini, 2013). This hypothesis has been revised by Made et al. (2017), where the 

transition between H. antiquus and H. tiberinus was considered much older than is generally 

supposed (1.4 - 1.3 Ma, Early Pleistocene). On the other hand, H. tiberinus is considered 

as synonym of H. antiquus (Pandolfi & Petronio, 2015). However, the difference between H. 

amphibius and the earlier forms was based on morphological features, whereas H. tiberinus 

differs from H. antiquus for its smaller size (Mazza, 1995; Mazza & Bertini, 2013). The 

validity of H. amphibius is largely accepted among the authors, nevertheless its first 

occurrence is still debated and consequently its dispersal in Europe is still questioned 

(Mazza, 1995; Mazza & Bertini, 2013; Pandolfi & Petronio, 2015; Made et al., 2017).  

In fact, firstly was reported the presence of the skull of H. amphibius from Cava Montanari 

(Tor di Quinto locality, Rome) (Fabiani & Maxia, 1953). Later, Caloi et al. (1980) stated that 

the toponym Cava Montanari not to exist in the area of Tor di Quinto, supposing therefore 

that it came from the Middle Pleistocene gravel levels of Cava Nera Molinaro (Tor di Quinto). 

Although Mazza (1995) attributed the skull to H. amphibius, the author rejected the 

hypothesis to consider the skull as the first occurrence of this species, due to the doubtful 

stratigraphic record. The uncertain of its geographical and stratigraphical provenance was 

also highlighted by Pandolfi & Petronio (2015), which stated that if tis provenance from Cava 

Nera Molinaro will confirm, the age of the skull could be referred to Middle Pleistocene (MIS 

13) representing consequently the first occurrence in European fossil record. In this 

scenario, the first reliable occurrence in Europe of H. amphibius was referred to early Late 

Pleistocene of Barrington (England) by Mazza (1995).  

The hippo remains were found in several fossiliferous deposits of Apulia, among which 

Ingarano, Avetrana (Salari et al., 2019), Grotta Mario Bernardini, Melpignano, San Sidero, 

Grotta del Sarcofago, Grotta delle Striare (Di Stefano et al., 1992) and Grotta Romanelli. 

The taxonomical attribution at specific level of most of these specimens cannot be carried 

out, due to the paucity and/or high fragmentation of the remains. Therefore, the hippo from 
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Grotta Mario Bernardini, Grotta del Sarcofago, Ingarano and San Sidero are attributed to 

Hippopothamus sp. On the contrary, Salari et al. (2019) reported the presence of  

H. amphibius from the bed 2, 5 and 6 of Avetrana. Nevertheless, its presence in the sample 

temporarily stored at “Museo Universitario di Scienze della Terra” (MUST) cannot be 

confirmed. The large mammals from Avetrana considered by Salari et al. (2019) are housed 

in the MUST, but despite this cannot be excluded that the hippo material is stored at Section 

of Bioarchaeology of the Civilizations Museum of Rome (where the bird sample is stored), 

and in the Sciences Department of "Roma Tre" University (where micromammal samples is 

stored). In addition, the presence of H. tiberinus (H. ex. gr. antiquus) is reported from the 

Melpignano and levels K and I of Grotta Romanelli, whereas the material from the level G 

of this site is referred to Hippopothamus sp. Considering the debate on the taxonomical 

attribution, also the material from Grotta delle Striare figured by Orlandi & Cigna (1956) is 

here attributed to Hippopothamus sp.  

Finally, the surviving of the hippo later the MIS 5 in southern Italy cannot be confirmed. In 

fact, these deposits are chronologically referred to late Middle Pleistocene to early Late 

Pleistocene, excepted for Ingarano. Nevertheless, the hippo material in the latter site was 

found in sandy-clay deposit in doubtful stratigraphic relationship with the sedimentary 

successions (Petronio et al., 1996; Petronio & Sardella, 1998). Moreover, in this deposit, 

called “talus” in Petronio & Sardella (1998), were also recovered other taxa never 

documented in the stratigraphical succession, such as Coelodonta antiquitatis, 

Palaeoloxodon antiquus and Panthera spelaea. The presence of the hippo associated to 

wolly rhino confirms the uncertain of their provenance, since these species had different 

adaptations to warm and cold climatic conditions respectively. Therefore, new stratigraphical 

data and fossil materials could shed light on their presence in the site and new information 

for biochronology of southern Italy. 

The straight-tusked elephant (Palaeoloxodon antiquus) has been found in few Apulian sites, 

frequently associated with hippo remains, as happened for Ingarano, Melpignano, San 

Sidero (Cardini, 1958), Grotta del Sarcofago, Grotta delle Striare (Di Stefano et al., 1992) 

and Grotta Romanelli. In addition, this species has been recovered from Grotta Montani 

(Cremonesi, 1980), Grotta del Diavolo and Grotta delle Tre Porte. However, the straight-

tusked elephant is poorly documented in these deposits, with few and fragmentary fossil 

remains. Of considerable interest are the juvenile specimens, both dental and postcranial 

elements, collected from the terre rosse of Melpignano. Moreover, according to Braun & 
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Palombo (2012), there is no compelling evidence for the presence of straight-tusked 

elephant later than MIS 5a.  

As said previously for the hippo material from Ingarano, likewise the elephant also was 

exclusively found in the talus.  In addition, radiometric datings of the teeth failed, due to 

lacking of collagen (Braun & Palombo, 2012). Therefore, considering the unclear 

stratigraphical position of the talus from Ingarano, there is any confirm for its chronology.  

In Apulian region, there are only two sites referred to Middle Pleistocene, Contrada Monticelli 

(Mazza & Varola, 1999; Mecozzi et al., 2017; Stefanelli et al., 2019) and Grotta di Lamalunga 

(Lari et al., 2015). The faunal assemblage of the first site includes mammal taxa clearly 

ascribable to early Middle Pleistocene, as Stephanorhinus hundsheimensis, Canis 

mosbachensis and Dama cf. roberti. Against, the faunal assemblage from Grotta di 

Lamalunga where the Altumura Neanderthal fossils were found, is poorly investigated due 

to both the difficult to access in the cave and the state of preservation of bones, often 

completely embedded in the reddish calcitic matrix sediments.  

Contrary to what is generally supposed, other fossiliferous sites or lower part of some 

deposits can be referred to late Middle Pleistocene. In fact, faunal assemblage from the 

terre rosse from Melpignano and San Sidero includes Equus mosbachensis, Dama 

clactoniana and medium-sized Canis lupus. The presence of the Mosbach horse (E. 

mosbachensis) has been also reported from the level 1-10 of Grotta di Capelvenere.  

These species are common elements in the faunal associations from Midldle Pleistocene 

sites of Europe, and therefore the terre rosse from Melpignano and San Sidero and the 

levels 10-1 of Grotta di Capelvenere can be referred to late Middle Pleistocene (MIS 9-8). 

As for the European material, in the AP the Mosbach horse was well-distinct for its large 

teeth sized, which is larger to the wild horse (E. ferus) and display different values of the 

protocone index. According to Boulbes & Asperen (2019), the last occurrence of E. 

mosbachensis took place during the late Middle Pleistocene, probably throughout the MIS 

6 (Guadelli, 2007; Uzunidis, 2017) although no general consensus was reached. However, 

the first historical appearance of E. ferus in Apulian Peninsula is from Grotta del Cavallo 

during the early Late Pleistocene (< 109 ka) (Zanchetta et al., 2018). Therefore, a new 

dispersal of Equus species could be taken place during the late Middle Pleistocene. This 

possible scenario is consistent with the results of the aDNA analysis performed on E. ferus, 

which revealed that the wild horse originated at about 240000 years ago (late Middle 

Pleistocene), differing therefore from the earlier form of Equus (George and Rider, 1986). 
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Based on the radiometric data, the level K of Grotta Romanelli is attributed to MIS 9, but 

unfortunately there are no remains ascribable to Equidae. Against, the material of genus 

Dama from the levels I and K has been doubtfully referred to Clacton deer. Of considerable 

interest is the occurrence of Stephanorhinus hundsheimensis. Generally, this species was 

reported in the early Middle Pleistocene, but its presence in the levels K-I allows to extend 

its chronological distribution. Furthermore, considering that the first occurrence in Italy of the 

narrow-nosed rhino is from Middle Pleistocene (0.5 Ma) (Pandolfi et al., 2013), the co-

presence of these two rhino species in southern Italy is documented for the first time. 

Moreover, new data needed to verify this hypothesis and the taxonomical attribution of the 

several old collections should be reassessed.  

Generally is supposed that the age of the beach deposit outcropping in the cave deposit 

located along the Ionian and Adriatic coasts should be referred to the Tyrrhenian (MIS 5e). 

Nevertheless, the revision of the geological and geomorphological data suggests that these 

marine levels could be attributed to earlier interglacial stages as MIS 9 or MIS 7 (see chapter 

7.1). Therefore, several faunal assemblages could be older than is designed, as in the cases 

of Grotta delle Striare, Grotta delle Tre Porte, Grotta Mario Bernardini or the levels M-H of 

Grotta del Cavallo.  

During the MIS 4, took place the first change in the structure of the large mammal faunal 

assemblages, due to the disappearing to the megaherbivores, P. antiquus and hippo (H. 

tiberinus – H. amphibius). The species well represented during the first glacial stage of Late 

Pleistocene are B. primigenius, E. ferus, C. elaphus and D. dama. It should be stressed that 

most of the sites referred to Late Pleistocene document the human presence from the Middle 

to Late Palaeolithic with both fossils and lithic artefacts. Thereby, the mammal taxa found in 

these deposits could not represent the whole ecosystem, especially for carnivorans.  

Moreover, some of these species were present through the late Middle to Late Pleistocene, 

and, more than the presence/absence, their body size fluctuations as response to the 

climatic oscillations could have a biochronological value. For instance, during the MIS 4, the 

size of S. scrofa was smaller than those from MIS 5 and MIS 3.  

At the end of the MIS 3, a second renewal in the mammal associations was detected, with 

the last occurrence of D. dama and S. hemitoechus. Furthermore, a large-sized C. lupus for 

the first time appeared. Around 45 ka the transition between H. neanderthalensis and H. 

sapiens occurred, and in Apulia region several sites testified this peculiar stage with the 

artefacts attributed to Uluzzian (early Upper Palaeolithic).  
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The faunal impoverishment occurred during the late Middle to Late Pleistocene of Europe, 

resulted of a strong climatic recrudescence, caused the disappearance of species adapted 

to warm climatic condition culminating during the Last Glacial (MIS 2). The mammal 

assemblages are quite monotone, dominated by equids (E. ferus and E. hydruntinus), and 

well represented B. primigenius and C. elaphus. Of considerable interest and important tool 

for biochronology is the presence of the Mammuthus primigenius and Coeolodonta 

antiquitatis documented at Cardamone, representing the southernmost occurrence of these 

species in Italian Peninsula. These taxa have been selected to indicate a typical mammal 

association well adapted to cold climatic conditions, so-called “Mammuthus-Coelodonta” 

faunal complex (Kahlke, 1994). Although this association was widely widespread across 

Palaearctic during the Late Pleistocene (Kahlke, 1994) (Fig. 124), in Italian Peninsula is 

known only from few localities mainly located in the Northern (Rustioni et al., 2003; Mecozzi 

& Bartolini Lucenti, 2018). The Coelodonta and Mammuthus records in Italy are quite scanty 

and rarely found in the same site, as in the case of Settepolesini (Gallini & Sala, 2001).  

 
Fig. 124 – Map of the Eurasian distribution of the Mammuthus-Colodonta faunal complex during the Late 

Pleistocene (MIS 5 – MIS 2) (modified from Kahlke, 2014).  
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Nonetheless, these findings testify to favourable (i.e. cold and arid) environmental and 

climatic conditions for the dispersal of this fauna into the Italian Peninsula during the Late 

Pleistocene. Beside to Cardamone, the wolly mammoth (M. primigenius) and the wolly rhino 

(C. antiquitatis) were also found from Gagliano del Capo. Unfortunately, the material was 

recovered during the builder work and the deposit is destroyed. The “Mammuthus-

Coelodonta” faunal complex was diffused in Italian Peninsula at the end of MIS 3 and during 

the MIS 2, reaching the Southern only at the climax of the Last Glacial. Thereby, the 

Gagliano del Capo faunal assemblage could be chronologically referred to MIS 2. To date, 

no radiometric age and stratigraphical data are known and consequently this hypothesis 

needs to be consider with caution. However, the time and mode of the dispersal of the cold-

adapted faunal complex in Italian Peninsula is still few known.  

The extensive fall of the sea level during the Last Glacial caused the emersion of the most 

the Adriatic sea-bottom, giving rise to a vast wide-open plain (Fig. 125). According to 

Rustioni et al. (2003), this emerged plain could have acted as a corridor for the cold-adapted 

faunal complex of the Balkans to the southeastern Italy. Alternative hypothesis proposed 

that these taxa could have followed a horseshoe route from the northeastern Balkan areas 

southwards along the Adriatic shores of Italy (Sala 1990). 

 
Fig. 125 – Litho-Palaeoenvironmental maps of Italy during the Last Glacial Maximum (modified Vai & Cantelli, 

2004). 



360  

The statistical analyses performed in this study demonstrate that several mammal species 

increased their body-size during the MIS 2, such as B. primigenius and C. elaphus. On the 

contrary, S. scrofa went through a decrease of size, as happened during the MIS 4. These 

fluctuations in dimensions highlight like mammals response to climatic changes in 

accordance with their ecology. Finally, during the end of Late Pleistocene (late MIS 2), the 

megaherbivores disappeared as well as several carnivore species such as P. pardus and 

P. spelaea.  

Moreover, the last occurrence of E. ferus in the Italian Peninsula is also unclear. Leonardi 

et al. (2018), reports the last historical occurrence of E. ferus in few localities chronologically 

referred to the Last Glacial (18-11.7 ka BP). During the Early Holocene, the presence of E. 

ferus was documented only in Grotta delle Mura (9521-8807 BP and 9438-9128 BP, Bon & 

Boscato, 1993) (Leonardi et al., 2018). Nevertheless, the analysis of the protocone index 

led doubt on its taxonomical attribution, since differs from that of E. ferus, resembling instead 

that of E. hydruntinus.  Consequently, the presence of E. ferus from this deposit cannot be 

confirmed. In this scenario, the last occurrence of E. ferus in Italian fossil record could be 

placed to the levels 4 and 3a of Grotta Paglicci, dated around 14429 – 13370 cal BP and 

13712 – 12970 cal BP respectively. The disappearance of wild horses during the Early 

Holocene could be linked to a marked reduction of steppe- and tundra-like landscapes 

(Leonardi et al., 2018). A new dispersal of the wild horse cuold be took place during 8-7 ka. 

During the Early Holocene (MIS 1), the mammal associations are very poor, represented by 

equids, aurochs, red deer and wild boar. The ibex, chamois and roe deer are also present, 

but quite scarce. The aurochs and red deer went through body size reduction, as well as the 

wild boar retains a small size. Among the carnivorans, the last occurrence in Italy of C. 

crocuta is documented from Grotta delle Mura.  

Finally, the analysis of the fossil collection from several fossiliferous sites of Apulia as well 

as the data from literature allows to redefine the evolution of mammal taxa during the late 

Middle Pleistocene to Early Holocene (Tab. 97) (Fig.126). In summary, several taxa, widely 

diffused during the Middle Pleistocene, disappeared over the MIS 8, such as Dama 

clactoniana, Megaloceros giganteus, Stephanorhinus hundsheimensis and Equus 

mosbachensis. Instead, during the late Middle Pleistocene (about 0.2 Ma), there were the 

first occurrences of Dama dama and Equus ferus. The MIS 4 marks a great change in the 

structure in the mammal associations, with the disappeared of Palaeoloxodon antiquus and 

hippo (Hippopothamus tiberinus – Hippopothamus sp.). Later, over the MIS 3 also the last 

occurrences of Dama dama and Stephanorhinus hemitoechus are documented.  
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Finally, only at the climax of the Last Glacial (MIS 2) Mammuthus primigenius and 

Coelodonta antiquitatis were present. Over the MIS 2 the last fossil records of P. spelaea 

and P. pardus were recognized, whereas the first reliable occurrence of Lynx lynx was 

identified. The spotted hyena (C. crocuta) disappeared only during the Early Holocene  

(MIS 1).  

 
Tab. 98 – Mammal assemblages from late Middle Pleistocene to Early Holocene sites of Apulia region. 

                                        MIS           
Species 9 8 7-5 4 3 2 1

Bos primigenius X X X X X X X
Bos taurus X
Capra ibex X X X X X X
Rupicapra cf. pyrenaica X X X
Rupicapra rupicapra X
Rupicapra sp. X X X X
Dama clactoniana X X
Dama dama X X X
Cervus elaphus X X X X X X X
Capreolus capreolus X X X X X X
Megaloceros giganteus X
Sus scrofa X X X X X X
Stephanorhinus hundsheimensis X X
Stephanorhunus kirchbergensis X X
Stephanorhinus hemitoechus X X X X
Stephanorhinus  sp. X X X X X
Coelodonta antiquitatis X
Hippopotamus tiberinus X X
Hippopotamus  sp. X X
Palaeoloxodon antiquus X X X
Mammuth primigenius X
Equus hydruntinus X X X X X X
Equus mosbachensis X
Equus ferus X X X X X
Canis lupus X X X X X X X
Vulpes vulpes X X X X X X X
Crocuta crocuta X X X X X X X
Lynx pardinus X X X
Lynx lynx X X X X
Lynx sp. X X
Felis silvestris X X X X X X
Panthera spelaea X X X X
Panthera pardus X X X X
Ursus arctos X X
Ursus spelaeus X X
Meles meles X X X X X X
Mustela putorius X X X
Gulo gulo X
Lutra lutra X X
Histryx vinogradovi X X X
Oryctolagus cuniculus X X X X X X X
Lepus europaeus X X X X X X X
Lepus sp. X X X X
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Fig. 126 – Selected bioevent for the mammal associations from the late Middle Pleistocene to Early Holocene 
of Apulia. 
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The new data on the mammal assemblages and the correlation of the stratigraphical and 

geomorphological data allow to define a new biochronological framework of the region 

during the late Middle Pleistocene to Early Holocene (Fig. 126-127). The chronological 

interpretation of several fossiliferous deposits allows to identify a Middle Pleistocene 

mammal assemblages, few known until now. Indeed, if on one hand the radiometric data 

allow to define clearly the MIS 9-8 time-span, on the other hand, the lacking of stratigraphical 

constrains and/or radiometric dating for several late Middle to early Late Pleistocene makes 

the transition MIS 6-MIS 5 still few defined. On the contrary, the deposit of Grotta di 

Lamalunga has been dated, but the fossil sample has been not study to date. 

New data, therefore, will need to expand the knowledges on the mammal associations 

during Middle-Late Pleistocene transition. 

During the Late Pleistocene, thanks to the abundance of the stratigraphical, radiometric, 

mammal fauna and lithic industry data, the chronological framework of the region is well 

defined. However, many fossil collections have been only preliminarily studied, with no 

morphological description and biometric data available, as for example for Grotta dei Cervi, 

Grotta delle Veneri, Grotta delle Prazziche, Riparo Marcello Zei and Serra Cicora. New data 

can add information on the mammal fauna evolution and their palaeobiogeography, and the 

palaeoenvironmental dataset of the region.  
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Fig. 127 – Biochronological framework of the Apulian region during the late Middle Pleistocene to Early 

Holocene.  
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7.5 The paradox of the “ventarole” 
The Apulian regions is constituted mainly by calcareous rocks, characterized by different 

origin and deposition age (see chapter 2). Therefore, the outcropping bedrock is mainly 

represented by Mesozoic and Neogene limestone Formations and Quaternary Calcarenite 

Formations. During the Quaternary, these calcareous rocks were affected by intense karst 

activity that formed a wide articulated fissure network. The discovery of these deposits took 

place thanks to quarry actives, which exposed hundred meters increasing the possibilities 

to find a karst fissures filled by vertebrate remains. In the region, this typology of deposit 

was mainly found in the two areas: Apricena (Gargano promontory), also known as Pirro 

Nord, and Corigliano d’Otranto-Melpignano-Cursi. Albeit the fossil remains of mammals 

recovered in these two different localities chronologically differ, the issue related to the 

deposition and stratigraphy are shared. Pirro Nord, for example, represents one of the oldest 

human occupation of western Europe, dated between 1.6 and 1.3 Ma (Arzarello et al. 2012, 

2015). Despite the remarkable importance of the Pirro 13, the nature of the deposit makes 

the definition of the age complicated, that to date is defined over biochronology. However, 

karst infilling deposits were discovered also in other regions, as the Taranto Gulf (e.g., 

Castellaneta), near Lecce (e.g., Cardamone, Sternatia) and Avetrana.  

The Corigliano d’Otranto-Melpignano-Cursi area is of a considerable scientific interest due 

to the long history of research and richness of both deposits and vertebrate remains. The 

karst infilling deposit of this area, known as “Ventarole”, was firstly described by Mirigliano 

(1941). Since then, several scientists conducted palaeontological researches in this territory, 

as D. de Lorentiis and L. Cardini (IsiPU), D. Torre and C. De Giuli (Earth Science Department 

of Florence), a research team of the Department of Earth Science of the Sapienza, 

University of Rome and Paleontological Museum of Turin University. In this study, fossil 

remains of mammals recovered from Mirigliano and a research team of the Department of 

Earth Science of the Sapienza, University of Rome and Paleontological Museum of Turin 

University are considered, 2611 from Melpignano and 1973 from San Sidero respectively. 

Albeit the numerousness of the remains captured the attention of palaeontologists, the 

stratigraphical, sedimentological and palaoebotanical data have been poorly investigated. 

Moreover, several issues are still unresolved, as for example, the exactly provenance of the 

vertebrate fossil remains. Must be taken into account that the discovery of the “ventarole” is 

linked to quarry activity, which strongly shapes the territory sometimes destroying this karst 

fissure quickly (6-12 months). Thus, makes essential a correct and profound data acquisition 

during the fieldwork activity.  
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Unfortunately, many of the old collections lack of these information and, in addition, a 

conspicuous number of fossils collected by local amateur contributed to generate the 

confusion.  

Nevertheless, these localities have been finely investigated and the vertebrate fossil 

collections recovered from the “Terre Rosse” (lower complex) of the Melpignano and San 

Sidero have long been considered coeval by different author, chronologically referred to the 

earliest Late Pleistocene (MIS 5c-5a) (Mirigliano, 1941; De Giuli, 1983; Bologna et al., 1994). 

The faunal assemblage recovered from the “terre brune” (upper complex), instead, has been 

referred to end of Late Pleistocene – earliest Holocene (Bologna et al., 1994; Pandolfi et al., 

2017b). The chronological attribution of the “ventarole” mammal assemblages has been 

linked to the stratigraphical scheme defined for the Grotta Romanelli sequence described 

by Blanc (1920), where the lower complex (K to F levels) – including “terre rosse” – were 

referred to the beginning of the Late Pleistocene because directly overlying a “Tyrrhenian” 

beach. Levels H and F were later radiometrically dated by Fornaca Rinaldi (1968a, b) who 

constrained the level G between approximately 69 kyr (no error associated) and 40 ± 3.2 

kyr. Recently a new field campaign has been started on this key site, with the aim to define 

a more accurate and updated chronological scheme for the sequence (Sardella et al. 2018). 

New radiometric for lower complex suggests a Middle Pleistocene age for the levels K-G, 

twisting the regional historical background.  

The study and comparison of the faunal assemblages from Melpignano and San Sidero 

enables to redefine the chronology of these deposits including faunal elements clearly 

referable to the late Middle Pleistocene. Therefore, the “ventarole” mammal assemblages 

encompass a larger chronological time span. If some deposits are certainly referable to the 

Late Pleistocene, such as Fondo Cattìe and Sternatia, other sites from the fossiliferous area 

of Maglie include taxa that have to be referred to the Middle Pleistocene.  

Considering that the age of the “ventarole” has been biochronologically defined, each karst 

infilling deposit needs to be treated as an independent element. Following this approach, 

the fossil remains of vertebrate found in a karst cavity must be held together and 

consequently each deposit will have its faunal assemblage. Honestly, this way of working 

was already adopted by Cardini (1958), who described the faunal list of the Cava Motta of 

Melpignano and “Cava A, C, C1, C2, D, E and F” of San Sidero (=Sant’Isidoro).  

As suggested by Cardini (1958) for the A and C2 of San Sidero and Turbanti (1982) for the 

SS6 and SS7 of San Sidero, these karst cavities can include remains attributed to few 

mammal taxa. In this case, to define the age of the infilling deposit is much more complex 
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and often cannot be limited to a precise time-span. For instance, the age of the SS7 of San 

Sidero where only Dama dama was recognized cannot be defined, but should be referred 

to late Middle Pleistocene (MIS 7, first occurrence of this species) to Late Pleistocene (MIS 

3, last occurrence of this species). 

Finally, new studies of the “Ventarole” should be conducted considering each single karst 

cavity characterized by its faunal list, sedimentological and palaoebotanical data. Therefore, 

the age of each faunal assemblage can be proposed only when mammal taxa with precise 

chronological inferences occur.  
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7.6 Homo-Carnivorans interactions 
Most the studied sites testifies the human presence across the Middle and whole Upper 

Palaeolithic, as well as literature ones. Besides the breccia ossiferous, where identify the 

lithic artefacts is quite complicated, few deposits show the natural accumulations of the fossil 

bones, such as ventarole (Melpignano, San Sidero, Sternatia), Cardamone, Castellaneta 

and Vieste. Furthermore, most of these sites possesses no accurate geographical 

provenance and stratigraphical data of the fossil bones. Nevertheless, of considerable 

interest is the presence of the spotted hyena in several deposits, often in levels where the 

human presence is documented.  

Many evidences of C. crocuta are represented by coprolites, which suppose any stable 

occupation of caves, but rather an occasional and casual frequentation.  

Several researches suggested that the archaeozoological studies can be a great tool for the 

reconstruction of the origin of the fossil accumulation in Pleistocene sedimentary 

succession. The spotted hyena coprolites have been found in many considered deposits, 

such as the level G of Grotta Romanelli, Cardamone, level A of Grotta Laceduzza, level III 

of Grotta Uluzzo C, level VI of Grotta Mario Bernardini and levels 7-2 of Grotta Capelvenere. 

Coprolities were also found from the level 23c of Grotta Paglicci (Boscato & Crezzini, 2003), 

SU53/2 of Paglicci – Riparo esterno (Crezzini et al., 2015), levels 3-1 of Grotta Montani 

(Sorrentino, 1980), levels F-E of Grotta Torre dell’Alto (Borzatti won Lowestern & Magaldi, 

1967) and US8 of Tana delle Iene (Giaccio & Coppola, 2000).  

The interaction of Homo neanderthalensis and C. crocuta was well documented across the 

Europe (see Diedrich, 2010 for discussion). In particular, the occurrence of spotted hyena 

in a cave deposit was explained as an ethological factor, where this place can provide a 

refuge to protect the young individuals by large predators (as Panthera spelaea) and/or 

cannibalism amongst hyenas (Boscato & Crezzini, 2003; Diedrich, 2010).  

Coprolites were mainly found associated to the lithic sample referred to Middle Palaeolithic, 

from the late Middle Pleistocene to the MIS 3. The only site where coprolites associated to 

Upper Palaeolithic were found is from Grotta Paglicci, whereas from Cardamone the 

coprolites were recovered in a natural accumulated deposit.   

The taphonomic analysis of the fossil bones from level 23c of Grotta Paglicci highlights as 

most of the sample possesses bite marks, whereas others are digested (Boscato & Crezzini, 

2003). In the SU/53/2 of Paglicci – Ripero esterno, fossil remains were clearly accumulated 

by spotted hyena activity, as suggested taphonomic analysis that evidenced the transport 

to the site of partial carcasses of large herbivores (Crezzini et al., 2015).  
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An exception case is the level G of Grotta Romanelli, where coprolites were found near to 

Mousterian artefacts and fallow deer remains (Fig. 128). Contrary to what it awaited, the 

fossils of D. dama show no any traces of the human (cut marks) or spotted hyena (bite 

marks). Unequivocally, these data reveal as the interactions between humans and spotted 

hyena should be evaluated only when the taphonomic data are available. If these 

information lack, as happened for the old fossil collections, the analysis of the bones can 

only surmise which factors contributed to the deposit formation.  

 
Fig. 128 – US2010 (Level G) from Grotta Romanelli.  
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7.7 The validity of the late Aurelian Faunal Units  
The Aurelian Mammal Age for the Italian Biochronological scale was instituted for the first 

time by Gliozzi et al. (1997), including only the Torre in Pietra F.U. (MIS 11; 0.4 Ma) and 

Vitinia (MIS 7; 0.2 Ma). The Aurelian faunal complex was characterized by a marked renewal 

of the vertebrate assemblage, with the extinction of several Galerian taxa, such as 

megacerine cervids and deer (Gliozzi et al. 1997). The Aurelian biochron was introduced by 

Gliozzi et al. (1997) to recognize the late Middle to Late Pleistocene mammalian fauna. The 

bioevents chosen to identify the beginning of the Aurelian biochron were the first occurrence 

of Canis lupus, Ursus spelaeus and Megaloceros giganteus. Nevertheless, Palombo (2018) 

recently hypothesized that these taxa were already recorded in some European sites during 

the Galerian age (Middle Pleistocene; < MIS 9). Therefore, the authors proposed to 

chronologically extend the Aurelian biochron to MIS 11.  

However, in the Torre in Pietra F.U., the core of the modern mammal fauna living in the 

Eurasian area nowadays appeared for the first time (Gliozzi et al. 1997). On the contrary, 

the Vitinia F.U. was characterized by the first occurrences of the fallow deer Dama dama 

tiberina and the Regalia ass Equus hydruntinus (Gliozzi et al. 1997). Albeit several 

hypotheses have been proposed by some authors for the late Aurelian mammal 

assemblages, Gliozzi et al. (1997) demonstrated that during the Late Pleistocene the Italian 

Peninsula was characterized by profound climatic events and different microclimatic and 

environmental conditions of the Tyrrhenian and the Adriatic coasts. Therefore, the definition 

of the late Aurelian assemblages is complicated due to scattered disappearance of large 

and medium sized mammals and diffusion of large cold adapted mammals in relation to 

climatic changes (Gliozzi et al. 1997). Moreover, Palombo et al. (2004) carried out the 

stratigraphic re-assessment of several outcrops in the urban area of Rome attributed to 

Vitinia F.U. (Sedia del Diavolo, Monte delle Gioie), where Dama dama tiberina and Equus 

hydruntinus occurred. In addition to the description of new outcrops and new radiometric 

datings, the authors suggested a revision of the biochronological scheme up to now 

adopted. In facts, the geological revision of Middle Pleistocene deposits of Sedia del Diavolo 

and Monte delle Gioie demonstrated that these deposits were correlated to Aurelian 

formation and were deposited in a time span between 355 and 285 kry (MIS 9-8). The 

comparative analysis of the faunal complexes ascribed to Torre in Pietra and Vitinia 

highlighted the strong affinity both by a taxonomical and structural point of view, especially 

the coexistence of D. clactoniana and D. dama tiberina. Moreover, Petronio et al. (2007) 

proposed a revision of the biochronological scheme, with the introduction of two new Faunal 
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Units (F.U.), Melpignano and Ingarano. In particular, the Melpignano F.U. included the first 

occurrence of Cervus elaphus elaphus and Dama dama dama, corresponding to the 

beginning of the early Late Pleistocene (MIS 5e). By contrast, Masini & Sala (2011) disagree 

with the use of F.U. for the late Aurelian, due to strong regional differences and with the use 

in biochronology of the first occurrence of hard recognizable subspecies (e.g., Dama dama 

dama). The revision of the fossil remains of mammals from the “terre rosse” of Melpignano 

and San Sidero suggests a late Middle Pleistocene age for some faunal assemblage from 

these karst fissures, especially for the presence of the hippo, the straight-tusked elephant, 

the slender C. lupus, the Clacton fallow deer and the Mosbach horse. Finally, the review of 

the faunal assemblage of the Melpignano and San Sidero here carried out demonstrates 

the inconsistency of the use of the Melpignano F.U. as biochron for the late Aurelian, 

because of the strong ecological and taxonomical affinity with the local faunal correlated to 

early Aurelian for mammals recovered from several fissures (late Middle Pleistocene). 

Therefore, the karst fissures were filled by sediments in a long time, started in the late Middle 

Pleistocene and probably terminated during the Early Holocene. 

Concerning the Ingarano F.U., the issues is more complicated. In fact, the faunal 

assemblages from Ingarano was chosen to represent cold adapted mammal fauna, with one 

of the selected bioevents represented by the first occurrence of C. antiquitatis. As discussed 

in the chapter 7.3, the wolly rhino, together P. antiquus, S. hemitoechus and P. spelaea, 

was recovered in the talus (dislocated deposit) characterized by unclear stratigraphical 

correlation with the sedimentary succession. Therefore, chosen the faunal assemblage from 

Ingarano as F.U. for the late Aurelian can be risky. In addition, albeit during the Last Glacial 

the cold adapted faunal mammal assemblages of Late Pleistocene, known as “Mammuthus-

Coelodonta faunal complex” (Chow et al., 1959; Kahlke, 1994; 1999; 2014), was widely 

widespread in Palearctic, some genera were not reported from Italian Peninsula (e.g., Saiga, 

Ovibos) (Sala et al., 1992; Gliozzi et al., 1997). Other representatives of this association 

were poorly present only in the northern Italy, such as Rangifer tarandus and Alces alces 

(Sala et al., 1992; Gliozzi et al., 1997; Breda, 2001; Sala, 2005). Furthermore, M. 

primigenius and C. antiquitatis are poorly documented and only in few deposits they have 

found associated, such as Settepolesini (Gallini & Sala, 2001), Cardamone and Gagliano 

del Capo. In this scenario, the scanty documented and scattered record of the cold adapted 

mammals make untrustworthy the use of the Ingarano F.U. as biochron for late Aurelian.  
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8 Conclusion 
The Italian territory occupies a strategic position in the Mediterranean area, representing 

one of the Peninsulas of the Eurasian continent. Its latitudinal extension and several physical 

barriers (e.g., Alps and Apennine chains) make the Italian mainland a mosaic of 

microregions characterized by different climate and environments.  

Its position and the large ecological biodiversity of the territory captured the attention of the 

zoologists and botanists for expanding the knowledges of the Mediterranean area. As well 

as a great number of palaeontological studies focused on vertebrate fauna from the 

Quaternary fossil deposits of the Italian Peninsula. Many scholars highlight as the study of 

the mammals of this territory allows to explore time and mode whereby the faunal 

assemblage changes through the time in response to climatic conditions. Two main origin 

cores for mammals have been hypothesized by palaeontologists: the Asian core for species 

adapted to temperate-cold climate and African one for species adapted to warm climate. 

Considering this, the mammal associations from Europe represents a mix of taxa originated 

in both Asian and African cores. Dispersals (first occurrences) and extinctions (last 

occurrence) not merely mark the evolutionary trend of a single taxon (bioevents), but allow 

to investigate the climatic oscillations on a large scale. Therefore, the Greece, Iberian and 

Italian Peninsula have been proposed as refuge area, which implies dwelling of mammal 

species when climatic conditions became unfavourable. For instance, during the Late 

Glacial, taxa well adapted to warm climate disappeared from central Europe, longer 

surviving at southerly latitudes (like Spain or Italy). In this scenario, thanks also to richness 

of the fossiliferous sites, the Italian Peninsula has always played a key role for the 

paleontological research.  

The Apulian Peninsula occupying the southern part of the Italian territory and for its physical 

features (130 km longer and 30 km wide) is considered as a kind of peninsula within the 

peninsula. Taking into account the richness of the fossil record of the region, 

palaeontologists stressed the concept of the refuge area, especially for the late Middle to 

Late Pleistocene when the climatic oscillations were more pronounced. Summarizing, 

several authors proposed that some taxa typical of Middle Pleistocene, as for example 

Palaeoloxodon antiquus and Hippopothamus tiberinus – Hippopotamus amphibius, survived 

in the early Late Pleistocene in Apulia. Nevertheless, this hypothesis has triggered debate 

among the scholars, which was mainly based on few and old radiometric and 

geomorphological data from few fossiliferous deposits of the region. Furthermore, the 

chronology of Apulian cave deposits is a great deal of interest when the human presence is 
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considered. In fact, most of these sites testifies the human occupation of the region from the 

Middle to whole Upper Palaeolithic, but despite this, the insights about Homo 

neanderthalensis are still poorly defined. Indeed, nonetheless many fossil collections have 

been collected in the region, these were not recently studied and only information available 

is often represented by a faunal list. Thereby, the numerousness of the fossiliferous sites 

and the richness of both fossil and litich collections makes the biochronological and 

palaeoecological framework unclear and consequently many issue still need to be clarified. 

Bearing all of this, the mammal fossil collections from many deposits of the Apulian are here 

studied.  

The revision of the old materials and the description of the new ones allow to define the 

mammal taxa which occupied the region during the late Middle Pleistocene to Early 

Holocene. A large sample here analysed enables to reconstruct a preliminary mammal 

evolutionary trend for the southern Italy during the Aurelian Mammal Age and detect their 

adaptation in response to climate. Finally, new radiometric datings and geomorphological 

data allow to redefine the biochronological framework of the Apulia during the late Middle 

Pleistocene to Early Holocene.  

 

The results can be summarized in the following points:  

1. Update biochronological framework of the large mammals from Apulia, which includes 

several deposits or lower levels of some cave successions attributed to late Middle 

Pleistocene.  

2. New bioevents recognized for the large mammal fauna, among which Palaeoloxodon 

antiquus, Mammuthus primigenius, Hippopotamus tiberunis – Hippopotamus amphibius, 

Stephanorhinus hundsheimensis, Stephanorhinus hemitoechus, Coelodonta antiquitatis, 

Equus mosbachensis, Equus ferus, Dama clactoniana, Dama dama, Crocuta crocuta 

Panthera spelaea, Panthera pardus, Lynx pardinus and Lynx lynx.  

3. New data on body size oscillations of selected mammals as a response to climatic 

changes, such as Equus mosbachensis, Equus ferus, Sus scrofa, Bos primigenius, 

Cervus elaphus, Dama clactoniana, Dama dama, Canis lupus, Cuon alpinus, Vulpes 

vulpes, Crocuta crocuta, Lynx pardinus, Meles meles.  

4. New taphonomic interpretations on the Homo-carnivorans interactions. 
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Finally, the results of this work open new scenarios for the evolution of the mammal 

assemblage and human occupation of the area during the late Middle Pleistocene to Early 

Holocene. The identification of late Middle Pleistocene complexes completely changes the 

historical background, where it was proposed a geomorphological constrain for many of the 

cave deposits. Indeed, for a very long time conglomerate breccias outcropping in the lower 

levels of the cave successions located along the Adriatic and Ionian coasts have been 

attributed to Tyrrhenian (MIS 5e). Therefore, the mammals from these deposits were 

referred to Late Pleistocene as well as those from other localities characterized by unclear 

stratigraphic contexts (e.g., “Ventarole”), which were correlated based on the mammals 

found.  

Radiometric data for Grotta Romanelli and Grotta del Diavolo reveal a clear presence of 

several levels referable to late Middle Pleistocene. Following this new chronological 

framework, new radiometric datings are needed in order to obtain new detail constrains for 

lower complexes of cave sedimentary successions. In particular, the Middle-Late 

Pleistocene transition (MIS 6 - 5) is still few known and consequently the definition of the 

mammal assemblages and Middle Palaeolithic artefacts from this time-span and their 

possible differences are unresolved. 

Concerning the palaeoenvironment, the available palaoebotanical data is still too limited, 

contributing to make the reconstruction of the continental ecosystems not much reliable. 

Therefore, in order to increase the knowledges of palaeoenvironment of southern Italy, 

several long preserved sedimentary successions of the Apulia should be sampled for 

palaoebotanical analyses.  
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Sud.  
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Fig. 31 – Karst system of Grotta Zinzulusa (modified from Lazzari, 1958) 
Fig. 32 – Schematic log of Grotta Zinzulusa. a – Vestibolo; b – Antro B. 
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1974; archives IsIPU).  
Fig. 35 – Grotta del Diavolo: plant (left) and geological cross section (right) of the cave. a: 
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(modified from Mastronuzzi et al., 2007).  
Fig. 36 – Planimetry of the cave. Detail of the Corridoio degli Animali with the fossil bones 
(in yellow) plotted in the QGIS model (modified from Fiore et al., 2018).  
Fig. 37 – Third metacarpal of Stephanorhinus hundsheimensis: 1 - P7456 from level K of 
Grotta Romanelli referred to (modified from Pandolfi et al., 2018); 2 - MNPELP s.n. from 
level I Grotta Romanelli (modified from Pandolfi & Tagliacozzi, 2013); 3 - RR184 from from 
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Fig. 38 – Rhinocerotidae from Melpignano. Braincase MPND1082 in dorsal (a), ventral (b), 
left lateral (c), right lateral (d), and occipital (e) views; fragment of the frontals in dorsal (f) 
and ventral views; fragment of the right parietal in dorsal (h) and ventral (i) views; right 
temporal in right lateral (j) and ventral (k) views; fragmented basisphenoid in ventral (l-n) 
view.  Natural brain endocast MPND1083 in dorsal (o) and ventral (p) views. Scale bar 5 
cm. 
Fig. 39 - Digital section along the sagittal plane of the braincase MPND1082 in right lateral 
view. The dark-gray areas indicate the spongy bone tissue. Sale bar 5 cm. 
Fig. 40 – Digitally restored braincase MPND1082 in dorsal (a), ventral (b), right lateral (d), 
and occipital (e) views; reassembled basisphenoid in ventral (e), right lateral (f), dorsal (g), 
and caudal (h) views. Scale bar 5 cm. 
Fig. 41 – CT images of the natural brain endocast MPND1083. 3D model of the brain in 
dorsal (a), ventral (b), left lateral (c), and right lateral (d) views. Inner structure of the 
endocast in coronal (e) and transverse (f) sections. Arrangement of the bone fragments 
embedded within the endocast (g) corresponding to a left calcaneus (h), a proximal 
epiphysis of a third right metatarsal (i), and a right coxal bone (j) of a lagomorph. Scale bar 
3 cm. 
Fig. 42 -Comparative CT images in dorsal view of the paranasal pneumatisation and brain 
morphology of MPND1083 (a-b), Diceros bicornis (c-d), and Ceratotherium simum (e-f). 3D 
model of the brain and frontal sinuses obtained from the braincase MPND1082 (g), 
digitalized natural endocast MPND1083 (h), endocast of D. bicornis (i), and C. simum (j). 
Sale bars 5 cm 
Fig. 43 - Sagittal section of selected crania of an adult Coelodonta antiquitatis (a), an adult 
Diceros bicornis (b), an adult Ceratotherium simum (c), a 6 years old C. simum (d), the 1-
1.5 years old specimen MPND1082 (e), and the 4-5 months old cub of C. antiquitatis (f). 
The images are not in scale. 
Fig. 44 - Comparative images in right lateral view of selected braincases of juvenile (a-d) 
and adult (e-h) Pleistocene rhinos from Europe. MPND1082 (a), Stephanorhinus 
kirchbergensis No.H36 (b), Coelodonta antiquitatis V 1453 (c), C. nihowanensis V 17616.1 
(d), S. etruscus Mainz 1958/764 (e), S. kirchbergensis from Spinadesco (Cremona, norther 
Italy) (f), S. hemitoechus RGM 93302 (g), and C. antiquitatis SfN (h). The red-coloured areas 
indicate the “Stephanorhinus” features while the blue areas indicate the “Coelodonta” 
features evidenced on the juvenile specimens. The images are not in scale. 
Fig. 45 –Crania in right view from late Middle to Late Pleistocene of Apulia: a - IGF16329, 
cranium of male from San Sidero; b - CC467, cranium of female from Cardamone; c - 
CC468, cranium of male from Cardamone  
Fig. 46 – Equidae from late Middle to Late Pleistocene of Apulia. Mandible in labial (a-b) and 
occlusal (c) views: 1a-c - IGF16330, Equus mosbachensis from San Sidero; 2a-c - CC414, 
Equus ferus from Cardamone. Hemimandible in labial (a) and occlusal (b) views: 3a-b, 
MPND396 (ex. Cur11), left hemimandible of Equus mosbachensis from Melpignano; 4a-b - 
C2 20b 77, right hemimandibles from SMA-esterno; 5a-b - C2 20b 80, left hemimandible 
from SMA-esterno.  
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Fig. 47 – a –boxplot of P2 length; b – boxplot of P3-4 length. Abbreviations: SS – San Sidero; 
Car – Cardamone; Cas – Castellana; CS – Cava Spagnulo; FCa – Fondo Cattìe; - FFo – 
Fondo Focone; GCa – F – Grotta del Cavallo – F; GCa – HI – Grotta del Cavallo – HI; GCv 
– Grotta di Capelvenere; GGi - Grotta dei Giganti; GLa – Grotta Laceduzza; GMB – II – 
Grotta Mario Bernardini – II; GMB – III – Grotta Mario Bernardini – III; GMB – IV – Grotta 
Mario Bernardini – IV; GMu – Grotta delle Mura; GP – Grotta Paglicci; GSC – Grotta Santa 
Croce; GTP – Grotta delle Tre Porte; GU – II – Grotta Uluzzo – II;  GU – III – Grotta Uluzzo 
– III; GZi – Grotta Zinzulusa; Mel – Melpignano; SMA – E – Santa Maria d’Agnano – esterno 
– Epigravettiano; SMA – G; Santa Maria d’Agnano – esterno – Gravettiano; TI – Tana delle 
Iene. 
Fig. 48 – a –boxplot of M1-2 length; b – boxplot of M3 length. Abbreviations: SS – San Sidero; 
Car – Cardamone; Cas – Castellana; FCa – Fondo Cattìe; - FFo – Fondo Focone; GCa – F 
– Grotta del Cavallo – F; GCa – HI – Grotta del Cavallo – HI; GCv – Grotta di Capelvenere; 
GGi - Grotta dei Giganti; GLa – Grotta Laceduzza; GMB – II – Grotta Mario Bernardini – II; 
GMB – III – Grotta Mario Bernardini – III; GMB – VI – Grotta Mario Bernardini – VI; GMu – 
Grotta delle Mura; GP – Grotta Paglicci; GSC – Grotta Santa Croce; GZi – Grotta Zinzulusa; 
Mel – Melpignano; SMA – E – Santa Maria d’Agnano – esterno – Epigravettiano; SMA – G; 
Santa Maria d’Agnano – esterno – Gravettiano; TI – Tana delle Iene. 
Fig. 49 – a – plot of P2-p.-value of linear model; b – plot of P3-4-p.-value of linear model. 
Abbreviations: SS – San Sidero; Car – Cardamone; Cas – Castellana; CS – Cava Spagnulo; 
FCa – Fondo Cattìe; - FFo – Fondo Focone; GCa – F – Grotta del Cavallo – F; GCa – HI – 
Grotta del Cavallo – HI; GCv – Grotta di Capelvenere; GGi - Grotta dei Giganti; GLa – Grotta 
Laceduzza; GMB – II – Grotta Mario Bernardini – II; GMB – III – Grotta Mario Bernardini – 
III; GMB – IV – Grotta Mario Bernardini – IV; GMu – Grotta delle Mura; GP – Grotta Paglicci; 
GSC – Grotta Santa Croce; GTP – Grotta delle Tre Porte; GU – II – Grotta Uluzzo – II;  GU 
– III – Grotta Uluzzo – III; GZi – Grotta Zinzulusa; Mel – Melpignano; SMA – E – Santa Maria 
d’Agnano – esterno – Epigravettiano; SMA – G; Santa Maria d’Agnano – esterno – 
Gravettiano; TI – Tana delle Iene. 
Fig. 50 – a –plot of M1-2-p.-value of linear model; b – plot of M3-p.-value of linear model. 
Abbreviations: SS – San Sidero; Car – Cardamone; Cas – Castellana; FCa – Fondo Cattìe; 
- FFo – Fondo Focone; GCa – F – Grotta del Cavallo – F; GCa – HI – Grotta del Cavallo – 
HI; GCv – Grotta di Capelvenere; GGi - Grotta dei Giganti; GLa – Grotta Laceduzza; GMB 
– II – Grotta Mario Bernardini – II; GMB – III – Grotta Mario Bernardini – III; GMB – VI – 
Grotta Mario Bernardini – VI; GMu – Grotta delle Mura; GP – Grotta Paglicci; GSC – Grotta 
Santa Croce; GZi – Grotta Zinzulusa; Mel – Melpignano; SMA – E – Santa Maria d’Agnano 
– esterno – Epigravettiano; SMA – G; Santa Maria d’Agnano – esterno – Gravettiano; TI – 
Tana delle Iene. 
Fig. 51 – a –boxplot of P2 length; b – boxplot of P3-4 length. Abbreviations: SS – San Sidero; 
Car – Cardamone; Cas – Castellana; FCa – Fondo Cattìe; - FFo – Fondo Focone; GCa – F 
– Grotta del Cavallo – F; GCa – HI – Grotta del Cavallo – HI; GCv – Grotta di Capelvenere; 
GGi - Grotta dei Giganti; GLa – Grotta Laceduzza; GMB – II – Grotta Mario Bernardini – II; 
GMB – VI – Grotta Mario Bernardini – VI; GMu – Grotta delle Mura; GP – Grotta Paglicci; 
GSC – Grotta Santa Croce; GTP -  Grotta delle Tre Porte; GZi – Grotta Zinzulusa; Mel – 
Melpignano; SMA – E – Santa Maria d’Agnano – esterno – Epigravettiano; SMA – G; Santa 
Maria d’Agnano – esterno – Gravettiano; TI – Tana delle Iene. 
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Fig. 52 – a –boxplot of M1-2 length; b – boxplot of M3 length. Abbreviations: SS – San Sidero; 
Car – Cardamone; Cas – Castellana; FCa – Fondo Cattìe; - FFo – Fondo Focone; GCa – F 
– Grotta del Cavallo – F; GCa – HI – Grotta del Cavallo – HI; GCv – Grotta di Capelvenere; 
GGi - Grotta dei Giganti; GLa – Grotta Laceduzza; GMB – II – Grotta Mario Bernardini – II; 
GMB – III – Grotta Mario Bernardini – III GMB – VI – Grotta Mario Bernardini – VI; GMu – 
Grotta delle Mura; GP – Grotta Paglicci; GSC – Grotta Santa Croce; GTP -  Grotta delle Tre 
Porte; GZi – Grotta Zinzulusa; Mel – Melpignano; SMA – E – Santa Maria d’Agnano – 
esterno – Epigravettiano; SMA – G; Santa Maria d’Agnano – esterno – Gravettiano; TI – 
Tana delle Iene. 
Fig. 53 – a – plot of P2-p.-value of linear model; b – boxplot of P3-4-p.-value of linear model. 
Abbreviations: SS – San Sidero; Car – Cardamone; Cas – Castellana; FCa – Fondo Cattìe; 
- FFo – Fondo Focone; GCa – F – Grotta del Cavallo – F; GCa – HI – Grotta del Cavallo – 
HI; GCv – Grotta di Capelvenere; GGi - Grotta dei Giganti; GLa – Grotta Laceduzza; GMB 
– II – Grotta Mario Bernardini – II; GMB – VI – Grotta Mario Bernardini – VI; GMu – Grotta 
delle Mura; GP – Grotta Paglicci; GSC – Grotta Santa Croce; GTP -  Grotta delle Tre Porte; 
GZi – Grotta Zinzulusa; Mel – Melpignano; SMA – E – Santa Maria d’Agnano – esterno – 
Epigravettiano; SMA – G; Santa Maria d’Agnano – esterno – Gravettiano; TI – Tana delle 
Iene. 
Fig. 54 – a – plot of M1-2-p.-value of linear model; b – boxplot of M3-p.-value of linear model. 
Abbreviations: SS – San Sidero; Car – Cardamone; Cas – Castellana; FCa – Fondo Cattìe; 
- FFo – Fondo Focone; GCa – F – Grotta del Cavallo – F; GCa – HI – Grotta del Cavallo – 
HI; GCv – Grotta di Capelvenere; GGi - Grotta dei Giganti; GLa – Grotta Laceduzza; GMB 
– II – Grotta Mario Bernardini – II; GMB – III – Grotta Mario Bernardini – III GMB – VI – 
Grotta Mario Bernardini – VI; GMu – Grotta delle Mura; GP – Grotta Paglicci; GSC – Grotta 
Santa Croce; GTP -  Grotta delle Tre Porte; GZi – Grotta Zinzulusa; Mel – Melpignano; SMA 
– E – Santa Maria d’Agnano – esterno – Epigravettiano; SMA – G; Santa Maria d’Agnano – 
esterno – Gravettiano; TI – Tana delle Iene. 
Fig. 55: a –boxplot of P2 length; b – boxplot of P3-4 length. For the chronology see tab. 44-
45. 
Fig. 56: a –boxplot of M1-2 length; b – boxplot of M3 length. For the chronology see tab. 44-
45. 
Fig. 57: a –boxplot of P2 length; b – boxplot of P3-4 length. For the chronology see tab. 46-
47. 
Fig. 58: a –boxplot of M1-2 length; b – boxplot of M3 length. For the chronology see tab. 46-
47. 
Fig. 59 –. Protocone index of the upper teeth of the caballine horse fossils from late Middle 
to Late Pleistocene sites from Apulia (for chronology and references see Tab. 42-43). 
Abbreviations: Mel – Melpignano; SS – San Sidero; GCv – Grotta di Capelvenere; GTP -  
Grotta delle Tre Porte; GMB – VI – Grotta Mario Bernardini – VI; 
GCa – HI – Grotta del Cavallo – HI; Cas – Castellana; GSC – Grotta Santa Croce; GLa – 
Grotta Laceduzza; GGi - Grotta dei Giganti; GU – II – Grotta Uluzzo – II; FCa – Fondo Cattìe; 
TI – Tana delle Iene; GCa – F – Grotta del Cavallo – F; GZi – Grotta Zinzulusa; GP – Grotta 
Paglicci; Car – Cardamone; FFo – Fondo Focone; SMA – G; Santa Maria d’Agnano – 
esterno – Gravettiano; SMA – E – Santa Maria d’Agnano – esterno – Epigravettiano; GMu 
– Grotta delle Mura.  
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Fig. 60 - Postflexide index of the teeth of the caballine horse fossils from late Middle to Late 
Pleistocene sites from Apulia (for chronology and references see Tab. 44-45). 
Abbreviations: Mel – Melpignano; SS – San Sidero; GCv – Grotta di Capelvenere; GTP -  
Grotta delle Tre Porte; GMB – VI – Grotta Mario Bernardini – VI; 
GCa – HI – Grotta del Cavallo – HI; Cas – Castellana; GSC – Grotta Santa Croce; GLa – 
Grotta Laceduzza; GGi - Grotta dei Giganti; GU – III – Grotta Uluzzo – III; GMB- II – Grotta 
Mario Bernardini – II; CS –Cava Spagnulo; FCa – Fondo Cattìe; TI – Tana delle Iene; GCa 
– F – Grotta del Cavallo – F; GZi – Grotta Zinzulusa; GP – Grotta Paglicci; Car – Cardamone; 
FFo – Fondo Focone; SMA – G; Santa Maria d’Agnano – esterno – Gravettiano; SMA – E 
– Santa Maria d’Agnano – esterno – Epigravettiano; GMu – Grotta delle Mura.  
Fig. 61 – Fossil specimens from Apulian sites: a – MPND683, right hemimandible from 
Melpignano; b – A8-11-205, left maxillary from Avetrana; c – AND1694, left hemimandible 
from Avetrana; d – AND1695, right hemimandible from Avetrana; e – ISIPU-GZ482, right 
hemimandible from Grotta Zinzulusa; f – MUCIV-GR3499, hemimandible from Grotta 
Romanelli. Fossils are figured in labial (1), lingual (2) and occlusal (3) views. 
Fig. 62 - Standard bivariate plot of muzzle length (ML) and muzzle breadth at the posterior 
borders of I3 (MB) of caballoid horses from Middle to Late Pleistocene of Europe (Tab. 53). 
Fig. 63 – The variation in size in Sus scrofa, as indicated by the length of the upper first (a), 
second (b) and third (c) molar. Age in millions of years and oxygen isotope curves (after 
Shackleton, 1995) on the left, next the fossiliferous sites and their suggested ages indicated 
by line. Symbol: circle - Middle Pleistocene; square – Late Pleistocene – Holocene.  
Fig. 64 – The variation in size in Sus scrofa, as indicated by the length of the lower first (a), 
second (b) and third (c) molar. Age in millions of years and oxygen isotope curves (after 
Shackleton, 1995) on the left, next the fossiliferous sites and their suggested ages indicated 
by line. Symbol: circle - Middle Pleistocene; square – Late Pleistocene – Holocene.  
Fig. 65 - (a) Boxplot of M3 length from the late Middle-Late Pleistocene sites grouped for 
chronology (MIS) (see Tab. X); (b) Table of p-values for the linear model.  
Fig. 66 - The variation in size in Bos primigenius, as indicated by the length of the upper first 
and second molar. Age in millions of years and oxygen isotope curves (after Shackleton, 
1995) on the left, next the fossiliferous sites and their suggested ages indicated by line. 
Symbol: circle - Middle Pleistocene; square – Late Pleistocene – Early Holocene.  
Fig. 67 – The variation in size in Bos primigenius, as indicated by the length of the upper 
third molar. Age in millions of years and oxygen isotope curves (after Shackleton, 1995) on 
the left, next the fossiliferous sites and their suggested ages indicated by line. Symbol: circle 
- Middle Pleistocene; square – Late Pleistocene – Early Holocene.  
Fig. 68 – The variation in size in Bos primigenius, as indicated by the length of the lower first 
and second molar. Age in millions of years and oxygen isotope curves (after Shackleton, 
1995) on the left, next the fossiliferous sites and their suggested ages indicated by line. 
Symbol: circle - Middle Pleistocene; square – Late Pleistocene – Early Holocene. 
Fig. 69 – The variation in size in Bos primigenius, as indicated by the length of the lower 
third molar. Age in millions of years and oxygen isotope curves (after Shackleton, 1995) on 
the left, next the fossiliferous sites and their suggested ages indicated by line. Symbol: circle 
- Middle Pleistocene; square – Late Pleistocene – Early Holocene.  
Fig. 70 – a: boxplot of M1 length from the late Middle-Late Pleistocene sites grouped for 
chronology (MIS); b:  
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boxplot of M2 length from the late Middle-Late Pleistocene sites grouped for chronology 
(MIS) (see Tab. 57-58).  
Fig. 71 - Boxplot of M3 length from the late Middle-Late Pleistocene sites grouped for 
chronology (MIS) (see Tab. 57-58).  
Fig. 72 – a: boxplot of M1 length from the late Middle-Late Pleistocene sites grouped for 
chronology (MIS); b: boxplot of M2 length from the late Middle-Late Pleistocene sites 
grouped for chronology (MIS) (see Tab. 59-60).  
Fig. 73 - Boxplot of M2 length from the late Middle-Late Pleistocene sites grouped for 
chronology (MIS) (see Tab. 59-60).  
Fig. 74 – The variation in size in Cervus elaphus, as indicated by the length of the upper first 
and second molar. Age in millions of years and oxygen isotope curves (after Shackleton, 
1995) on the left, next the fossiliferous sites and their suggested ages indicated by line. 
Symbol: circle - Middle Pleistocene; square – Late Pleistocene – Early Holocene.  
Fig. 75 – The variation in size in Cervus elaphus, as indicated by the length of the upper 
third molar. Age in millions of years and oxygen isotope curves (after Shackleton, 1995) on 
the left, next the fossiliferous sites and their suggested ages indicated by line. Symbol: circle 
- Middle Pleistocene; square – Late Pleistocene – Early Holocene.  
Fig. 76 – The variation in size in Cervus elaphus, as indicated by the length of the lower first 
and second molar. Age in millions of years and oxygen isotope curves (after Shackleton, 
1995) on the left, next the fossiliferous sites and their suggested ages indicated by line. 
Symbol: circle - Middle Pleistocene; square – Late Pleistocene – Early Holocene.  
Fig. 76 – The variation in size in Cervus elaphus, as indicated by the length of the lower 
third molar. Age in millions of years and oxygen isotope curves (after Shackleton, 1995) on 
the left, next the fossiliferous sites and their suggested ages indicated by line. Symbol: circle 
- Middle Pleistocene; square – Late Pleistocene – Early Holocene.  
Fig. 78 - Boxplot of M3 length of C. elaphus from the late Middle-Late Pleistocene sites 
grouped for chronology (MIS) (see Tab. 64).  
Fig. 79 – MPSD296, left antler of Dama Clactoniana from Melpignano. Scale bar: 5 cm. 
Fig. 80 – The variation in size in genus Dama as indicated by the length of the upper first 
(a) and second (b) molar. Age in millions of years and oxygen isotope curves (after 
Shackleton, 1995) on the left, next the fossiliferous sites and their suggested ages 
indicated by line. Symbol: circle - Middle Pleistocene; square – Late Pleistocene – Early 
Holocene. Color: grey – Dama clactoniana; black – Dama dama.  
Fig. 81 – The variation in size in genus Dama as indicated by the length of the upper third 
molar. Age in millions of years and oxygen isotope curves (after Shackleton, 1995) on the 
left, next the fossiliferous sites and their suggested ages indicated by line. Symbol: circle - 
Middle Pleistocene; square – Late Pleistocene – Early Holocene. Color: grey – Dama 
clactoniana; black – Dama dama.  
Fig. 82 – The variation in size in genus Dama as indicated by the length of the lower first (a) 
and second (b) molar. Age in millions of years and oxygen isotope curves (after Shackleton, 
1995) on the left, next the fossiliferous sites and their suggested ages indicated by line. 
Symbol: circle - Middle Pleistocene; square – Late Pleistocene – Early Holocene. Color: 
grey – Dama clactoniana; black – Dama dama.  
 
 



449  

 
Fig. 83 – The variation in size in genus Dama as indicated by the length of the lower third 
molar. Age in millions of years and oxygen isotope curves (after Shackleton, 1995) on the 
left, next the fossiliferous sites and their suggested ages indicated by line. Symbol: circle - 
Middle Pleistocene; square – Late Pleistocene – Early Holocene. Color: grey – Dama 
clactoniana; black – Dama dama.  
Fig. 84 - Boxplot of M3 length from the late Middle-Late Pleistocene sites grouped for 
chronology (MIS) (see Tab. 65).  
Fig. 85 - (Color online) Craniodental morphological features in normalized crania of: a) 
extant Canis lupus Linnaeus, 1758; b) Canis lupus Linnaeus, 1758 from Grotta Romanelli, 
Italy (Sardella et al., 2014); c) Canis lupus lunellensis Bonifay, 1971 from Lunel Viel, France 
(Bonifay, 1971); d) Canis mosbachensis Soergel, 1925 from Cerè Cave, Italy (Ghezzo et 
al., 2014); e) Canis mosbachensis Soergel, 1925 from Cueva Victoria, Spain (Bartolini 
Lucenti et al., 2017); f) Canis mosbachensis Soergel, 1925 from Untermassfeld, Germany 
(Sotnikova, 2001). Left column: left lateral view; right column: occlusal view. See Tab. 66 for 
the description of characters.  
Fig. 86 - (Color online) Canis mosbachensis Soergel, 1925 (QF28) from Contrada Monticelli 
(Apulia, southern Italy) in: a) occlusal, b) left lateral and c) right lateral views. Scale bar 
corresponds to 5 cm. 
Fig. 87 – Boxplot of the CxL, P4L, M1L and 2L dental traits. 
Fig. 88 –  Craniodental morphological features of selected extant and fossil canid 
specimens. The following numbers indicate the main morphological features proposed in 
literature (Sotnikova, 2001; Tedford et al., 2009; Bartolini Lucenti et al., 2017; Mecozzi et 
al., 2017) used to discriminate C. lupus and C. mosbachensis: 1: frontals; 2: nasals; 3: 
anterior palatina foramina; 4: palate width at P1; 5: toothrow; 6: premolars; 7: P4 protocone; 
8: M2. Scale bar: 5 cm. 
Fig. 89 – Canis lupus from Avetrana. 1: A8-25, right hemimandible in buccal (1a), lingual 
(1b) and occlusal (1c) views. 2: A8-28, left hemimandible in buccal (2a), lingual (2b) and 
occlusal (2c) views. 3: AND-17, right hemimandible in buccal (3a), lingual (3b) and occlusal 
(3c) views. 4: Ave8-1, right hemimandible in buccal (4a), lingual (4b) and occlusal (4c) views. 
5: A8-15, right hemimandible in buccal (5a), lingual (5b) and occlusal (5c) views. 6: A8-81, 
left hemimandible in buccal (6a), lingual (6b) and occlusal (6c) views. 7: A8-36, left maxillary 
fragment with M1 and M2 in occlusal view. 8: A8-39, right M1in occlusal view. 9: Ave8-3, 
right P4 in buccal (9a), lingual (9b) and occlusal (9c) views. 10: Ave07-2, right P4 in buccal 
(10a), lingual (10b) and occlusal (10c) views. Scale bar: 3 cm.  
Fig. 90 - 1: A8-22, right distal epiphysis of humerus in cranial (1a) and palmar (1b) views. 2: 
A8C-21, right femur in cranial (2a) and plantar (2b) views. Scale bar: 3 cm  
Fig. 91 – Log-ratio diagram based on selected dental variables in the described (Avetrana 
bed 8 sample), as well as in other Late Pleistocene forms of Canis lupus (C. lupus 
santenaisiensis, C. lupus maximus, C. lupus lunellensis, Apulian wolves, North Italy wolves; 
data taken from the literature: Bonifay, 1971; Boudadi-Maligne, 2010; 2012; Bertè, 2014) as 
compared to extant Canis lupus italicus (used as a reference baseline). 
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Fig. 92 – Log-ratio diagram based on selected femur measurements in the described 
(Avetrana bed 8 sample), as well as in other Late Pleistocene varieties of Canis lupus (C. 
lupus santenaisiensis, C. lupus maximus, C. lupus lunellensis, Apulian wolves, North Italy 
wolves; data taken from the literature: Bonifay, 1971; Boudadi-Maligne, 2010; 2012; Bertè, 
2014) as compared to extant Canis lupus italicus (used as a reference baseline).  
Fig. 93 – Boxplot of variation length of P4 L(a), M1 L(b) and m1 L(c) from Apulian wolves, 
Avetrana, C. lupus italicus, C. lupus lunellensis, C. lupus santenaisiensis, Cardamone and 
Northern Italian wolves. (d) Table of p-values for the Kruskal-Wallis test. 
Fig. 94 - Variability of M1 in extant and fossil Cuon. A-D – Cuon alpinus from Ingarano, 
INGND59, right M1; A, buccal view; B, lingual view; C, occlusal view; D, schematic outline 
of the occlusal morphology of INGND59. E-G – extant Cuon alpinus; E, AMNH 102083; F, 
IOZ 26747 (Tong et al., 2012); G, Cuon alpinus hesperius Afanasjev et Zolotarev, 1935, 
holotype, ZIN 23894, Zoological Institute of Russian Academy of Science). H-L – fossil 
Cuon. H, Cuon alpinus antiquus Matthew & Granger, 1923, AMNH 18391 (reversed), 
Waxien (China); I, Cuon alpinus antiquus, AMNH 18727 (reversed), Waxien (China); J, 
Cuon alpinus europaeus Bourguignat 1875, Obarreta (Portugal, from Perez-Ripoll et al., 
2010); K, Cuon alpinus priscus Thenius, 1954, holotype from Hundsheim (Germany, from 
Thenius, 1954); L, Cuon alpinus caucasicus Baryshnikov, 1978, Kudaro (from Baryshnikov, 
2012). 
Fig. 95 – Boxplot of M1 length (a) and breadth (b) from Ingarano, Cuon priscus, Cuon 
alpinus europaeus and extant Cuon alpinus (see Tab. 73 for the reference). c: Table of p-
values for the linear model test. 
Fig. 96 – a: Boxplot of length (P4L, a) and breadth (P4B, b) of upper carnassial, length 
(M1L, c) and breadth (M1B, d) of upper first molar and length (M1L, e) and breadth (M1B, f) 
of lower carnassial from the Eurasina of Cuon priscus, Middle and Late Pleistocene of 
Cuon alpinus europaeus and extant Cuon alpinus (see Tab. 73 for the reference). g: Table 
of p-values for the linear model test 
Fig. 97 – Upper teeth of red fox from late Middle to Late Pleistocene sites of Apulia. 
Abbreviations: see Tab. 74. 
Fig. 98 – Lower teeth of red fox from late Middle to Late Pleistocene sites of Apulia. 
Abbreviations: see Tab. 74.  
Fig. 99 – Boxplot of length of P4, M1, M2 and M1 of fossil remains from the late Middle to Late 
Pleistocene of Apulia (for chronology see tab. 73) 
Fig. 100 – Cranium of Lynx pardinus from Ingarano: 1 -  MGPUTV135415; skull (cranium 
1a-c and mandible 1d-g); 2 – ING75, cranium; 2 – ING76, cranium; 4 – M693, neurocranium. 
Cranium figured in dorsal (a), ventral (b) and right lateral (c) views. Mandibles figured in in 
labial (d and f) and lingual (e and g) views. Scale bars 3 cm. 
Fig. 101 – Mandibles of Lynx pardinus from Ingarano. Right hemimandibles: ING68 (1a-c), 
ING69 (2a-c), INGND870 (3a-c), IN15NS (4a-c), INGND869 (5a-c), ING72 (6a-c), ING73 
(7a-c); left hemimandibles: INGND312 (8a-c), ING61 (9a-c); INGND868 (10a-c); INGND455 
(11a-c); INGND144 (12a-c). Mandibles figured in in lingual (a), buccal (b) and occlusal (c) 
views. Scale bars 3 cm.  
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Fig. 102 – Lower carnassial (M1) of Lynx pardinus from Ingarano. Rigth M1: ING68 (1a-c), 
ING69 (2a-c), INGND870 (3a-c), IN15NS (4a-c), INGND869 (5a-c), ING72 (6a-c), ING73 
(7a-c), MGPUTV35415 (8a-c), ING63 (9a-c), ING70 (10a-c), ING79 (11a-c), INGND369 
(12a-c), INGND372 (13a-c), INGNDF318 (14a-c); left M1: INGND312 (15a-c), ING61 (16a-
c); INGND868 (17a-c); INGND319 (18a-c), INGND867 (19a-c), INGND145 (20a-c), ING62 
(21a-c), INGND144 (22a-c), INGND373 (23a-c), ING71 (24a-c), FG107 (25a-c), 
MGPUTV35415 (26a-c), FG109 (27a-c). Scale bars 3 cm 
Fig. 103 - Box plot of variation length of P4 L(a), and M1 L(c) from Ingarano Lynx 
issiodorensis, Lynx lynx, extant Lynx lynx, Lynx pardinus, extant Lynx pardinus and Lynx 
spelaeus (see Tab. SD3 for the considered sample). Table of p-value of Kruskall-Wallis test 
of P4L (b) and M1l (d). 
Fig. 104 – 1: cranium of Lynx pardinus; 2: cranium of Lynx lynx. Cranium figured in dorsal 
(a) and ventral (b) views. Scale bar dorsal view 5 cm and ventral view 1 cm. 1b and 2b: 
details of auditory region: yellow arrows indicate the posterior lacerum foramen and blue 
arrow indicates the anterior condyloid foramen (modified from Boscaini et al., 2016).  
Fig. 105 – Map of the site with the Lynx: 
- Early Pleistocene: Lynx issiodorensis: Spain: 1: Fonelas P-1, 2 Villaroya, 3 Puebla de 
Valverde; Germany: 4 Untermassfeld, 5 Mosbach; Italy: 6 Garfagnana, 7, Filigne, 
Matassino, Olivola, Poggio Rosso Valdarno Superiore; 8 Argentario, 9 Pantalla, 10 Pirro 
Nord.  Lynx pardinus Spain: 11 Avenc Marcel, 12 Vall Paradis, 13 Cueva Victoria Cal 
Guardiola, 15 Sierra de Quibas. Lynx spelaeus: France: 16 Vallonet 
- Middle Pleistocene: Lynx spelaeus: Spain: 17 Trinchera Dolina, 18 Villacastin; France: 19 
Caune de l’Arago, 20 Lunel Viel, 21 Escale, 22 Orgnac 3; 23 Grotte Vaufrey; Italy: 24 
Valdemino, 25 Ponte Molle.  
- Late Pleistocene: Lynx pardinus: Spain: 12 Abric Romani, 18 Cueva del Buho, 26 Cau del 
Duc – El Muscle, 27 Cova Matutano, 28 Pena de Estebanvela, 29 Cova Negra, 30 Almada, 
31 Erralla, 32 Cova Toll, Portugal: 33 Furinha – Casa do Moira, 34 Escoural, 35 Columbeira, 
36 Caldeirao, 37 Prado des Salemas – Alargo do Casais; France: 19 Aldene – La Crouzade, 
21 Abri Cornille, 38 Hortus, 39 Portel Ouest, 40 Baume Longue - Campfiel – Grotte 
Balauziere – Grotte de la Sartenette – La Salpetriere; Lynx pardinus spelaeus: Spain: 41 
Cueva del Puerto, 42 Avallanera; France: 43 Moula Guercy-Baume, 44 Grotta 
dell’Osservatorio;  Italy: 45 Grotta del Principe, 46 Masseria del monte Conversano, 47 
Monte Tignoso, 48 Arene Candide; Lynx lynx: Spain: 49 Cueva de Santimamine, 50 Los 
Casares; France: 51 Asson, 52 Mostayous – Du Col d’Aran; Italy: 48 Arene Candide, 53 
Riparo Fumane, 54 Grotta dei Colombi – Grotta di Equi, 55 Buca della Iena, 56 Grotta 
Polesini, 57 Grotta Sant’Agostino, 58 Grotta Tina di Camerota, 59 Grotta della Madonna, 60 
San Sidero – Melpignano – Grotta delle Striare; Lynx sp.: France: 48 Grotte du Bourrouilla; 
49 Valle Radice. 50 Ingarano.The symbols represented a chrnological scale: triangle (Early 
Pleistocene), square (Middle Pleistocene) and circle (Late Pleistocene).   
Fig. 106 – The variation in size in genus Crocuta crocuta as indicated by the length of the 
upper third (a) and fourth (b) premolar. Age in millions of years and oxygen isotope curves 
(after Shackleton, 1995) on the left, next the fossiliferous sites and their suggested ages 
indicated by line. Symbol: circle - Middle Pleistocene; square – Late Pleistocene – Early 
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Holocene.  
 
Fig. 107 – The variation in size in genus Crocuta crocuta as indicated by the length of the 
lower fourth premolar (a) and first molar (b). Age in millions of years and oxygen isotope 
curves (after Shackleton, 1995) on the left, next the fossiliferous sites and their suggested 
ages indicated by line. Symbol: circle - Middle Pleistocene; square – Late Pleistocene – 
Early Holocene.  
Fig. 108 – Boxplot of upper (a) and lower (b) carnassial of C. crocuta from the Middle to Late 
Pleistocene and extant specimens.  
Fig. 109 –  Cranium (LCD-20) of Meles meles from Grotta Laceduzza in dorsal (a), ventral 
(b) right lateral (c), left lateral (d), frontal (e) and nuchal (f) views.  
Fig. 110 –P4 and M1 (1, right and 2, left) of the cranium (LCD-20) of Meles meles from Grotta 
Laceduzza in buccal (a) and occlusal (b) views. M1 of 6 hemimandibles and 1 isolated tooth 
of Meles meles from Grotta Laceduzza in lingual (a), buccal (b) and occlusal (c) views. Left 
M1: 3 (LCD-22), 4 (LCD-7), 5 (LCD-19), 7 (LCD-24), 8 (LCD-4) and 9 (LCD-12); right M1: 6 
(LCD-5). 
Fig. 111 - Morphotypes of the P4 (A1-4) and the M1 (B1-4) (modified from Baryshinikov et 
al. 2003).  A1 — a small cusp on precingulum and a well-developed lingual ridge of 
paracone; A2 — a small cusp lacking, lingual ridge expressed; A3 — both the cusp and 
ridge absent; A4 — a small cusp expressed, lingual ridge absent. B1 — well-developed 
labial incision between the metacone and metaconule, long postprotocrista reaching 
metaconule or crown lingual margin; B2 — well-developed incision between metacone and 
metaconule, short postprotocrista not reaching metaconule or crown lingual margin; B3 — 
labial incision absent, short postprotocrista; B4 — outer incision absent, long postprotocrista 
reaching metaconule or crown lingual margin. Abbreviations: Par - paracone, Prt - 
protocone, Met - metacone, Metl - metaconule, Mst - metastylar blade. 
Fig. 112 – P4 and M1 (1, right and 2, left) of the cranium (LCD-20) of Meles meles from 
Grotta Laceduzza in buccal (a) and occlusal (b) views. M1 of 6 hemimandibles and 1 isolated 
tooth of Meles meles from Grotta Laceduzza in lingual (a), buccal (b) and occlusal (c) views. 
Left M1: 3 (LCD-22), 4 (LCD-7), 5 (LCD-19), 7 (LCD-24), 8 (LCD-4) and 9 (LCD-12); right 
M1: 6 (LCD-5). 
Fig. 113 – Postcranial bones of Meles meles from Grotta Laceduzza. Right humerus (LCD-
23) in cranial (1a) palmar (1b) and right lateral (1c) views. Right ulna (LCD-9) in right lateral 
(2a) and left lateral (2b) views. Left ulna (LCD-26) in right lateral (3a) and left lateral (3b) 
views. Right femur (LCD-25) in cranial (4a) palmar (4b) and medial (4c) views. Right femur 
(LCD-13) in cranial (5a) palmar (5b) and medial (5c) views. Scale bar 3 cm.  
Fig. 114 - a: Map of the following Pleistocene European sites where badger remains were 
found: Central Europe (circle): 1 Deutsch-Altenburg; 2 Betfia 5; 3 Erpflingen; 4 
Untermassfeld; 5 Mosbach; 6 Husarenhof; 7 Vogelherd; 8 Sibyllen-Holhe;  9 Heppenloch; 
Spain (hexagon) 10 Fuente Nueva 3; 11 Vallparadís Estació; 12 Trinchera Dolina; 13 
Villacastin; 14 Urtiaga; France (square) 15 Le Vallonet; 16 L'Escale; 17 Chateau;  18 Lunel-
Viel; 19 Fage; 20 Roman la Roche; 21 Lazaret; 22 Rigabe; 23 Grotte de Pondres; 24 Grotte 
de la Sartenette; Greece (triangle) 25 Gerakarou; 26Apollonia; 27 Petralona; 28 Apidima; 
Italy (inverted-triangle) 29 Pirro Nord; 30 G.R.A. km 2; 31 Torre in Pietra; 32 Grotta 
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Cucigliana; 33 Buca della Iena; 34 Grotta della Masseria del Monte; 35 Grotta della Fornace; 
Caucasian region (rhombus) 36 Kudaro 1; 37 Azokh; 38 Kudaro 3; star: Grotta Laceduzza.  
Average length of the M1 (b) and the M1 (c) of Meles meles from Grotta Laceduzza and other 
fossiliferous  sites reported in the map in relation to the age (absolute value in white and 
average value in grey).  
Fig. 115 - Log-ratio diagram of selected upper dental (a-b) and cranial variables (c-d) 
measured on samples from extant populations of Meles meles (south-western Norway, main 
Fennoscandia, Central Europe, Italy, Transcaucasia); reference baseline: Late Pleistocene 
M. meles from Grotta Laceduzza (specimen LCD-20). See Materials and methods for 
abbreviations. 
Fig. 116 – Life reconstruction of the head of Meles meles from Grotta Laceduzza (Artwork 
by Flavia Strani).  
Fig. 117 – Mandible and lower teeth measurments of Meles meles from late Middle to Late 
Pleistocene sites of the Apulia. For the abbreviations see tab. 87). 
Fig. 118 – Mandible of Gulo gulo from central Italy. 1a-f: 06-5593, mandible from Canale 
Mussolini; 2a-c, INGND1158, left hemimandible from Ingarano; 3a-c: A1757, left 
hemimandible from Grotta Polesini. Fossil in labial (a, d), lingual (b, e) and occlusal (c, f) 
views. Scale bars 3 cm. 
Fig. 119 – Frequence of mandible and lower teeth variables of Gulo gulo. Color: red - Italian 
Peninsula specimens; grey – central Europe specimens.  
Fig. 120 – Mandible measurenments of Gulo gulo. Variables: Ltot - total length; Lang – 
length from angular process to infradental; I-M2, length from anterior border of I1 to posterior 
border of M2; HPC – height of the mandible at posterior border of canine; HPP4 - height of 
the mandible at posterior border of P4; HMF - height of the mandible at posterior border of 
M1; HPM2 - height of the mandible at posterior border of M2; P1-M2 - length from anterior 
border of P1 to posterior border of M2; LFM – length of the masseteric fossa; RA – height of 
the vertical ramus. Abbreviations: CFIO – Cava Fiorini; CSZ – Grotta di Castagnavizza; 
GBZ1, GBZ2 – Grotta di Gabrovizza; VIG - Grotta di Viganti; MDM - Monte di Malo; BDF1, 
BDF2 - Buco del Frate; PR - Pale Rosse; AC - Arene Candide; RFUM – Riparo Fumane; 
RFRE – Riparo Fredian; PLS – Grotta Polesini; GMSB - Grotta Minore di San Bernardino; 
BR – Balzi Rossi; GDC – Grotta dei Colombi; PDF – Piana di Fornero; BDCA – Brecce di 
Cava di Aurisina; ING – Ingarano.  
Fig. 121 – Lower carnassial of extant and fossil specimens of Gulo gulo. 
Fig. 122 – M8232, cranium of Mustela putorius from Melpignano in dorsal (a), ventral (b) left 
(c) and right (d) lateral views. Scale bar 3 cm.  
Fig. 123 – Coastal cave from the Apulian region. a – geographic position; b the altitude of 
the cave (m) a.s.l. Abbreviations: GMu – Grotta delle Mura; GLa – Grotta dei Ladroni; GLM 
– Gotta L. Migliorini; SCA – Serra Cicora A; GCV – Grotta di Capelvenere; GUl – Grotta 
Uluzzo; GUC – Grotta Uluzzo C – GCa – Grotta del Cavallo; GMB – Grotta Mario Bernardini; 
GTA – Grotta Torre dell’Alto; GMZ – Grotta-Riparo Marcello Zei; GMO – Grotta Masseria 
dell’Orte; GSa – Grotta del Sarcofago; GSt – Grotta delle Striare; GRo – Grotta Romanelli; 
GZi – Grotta Zinzulusa; GCC – Grotta-Riparo delle Cipolliane C; GTP – Grotta delle Tre 
Porte; GGi – Grotta dei Giganti; GDi – Grotta del Diavolo. Color: grey indicates conglomerate 
layer and yellow indicates sand layer at the base of the stratigraphic sequence. 
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Fig. 124 – Map of the Eurasian distribution of the Mammuthus-Colodonta faunal complex 
during the Late Pleistocene (MIS 5 – MIS 2) (modified from Kahlke, 2014).  
Fig. 125 – Litho-Palaeoenvironmental maps of Italy during the Last Glacial Maximum 
(modified Ombrelli et al., 2004). 
Fig. 126 – Selected bioevent for the mammal associations from the late Middle Pleistocene 
to Early Holocene of Apulia. 
Fig. 127 – Biochronological framework of the Apulian region during the late Middle 
Pleistocene to Early Holocene.  
Fig. 128 – US2010 (Level G) from Grotta Romanelli. Colour: yellow – vertebrate remains; 
green – coprolities of Crocuta crocuta; light blue – Middle Palaeolithic artefacts.   
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