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All that we can do is to keep steadily in mind that each organic being is striving to increase in a geometrical ratio; that 

each, at some period of its life, during some season of the year, during each generation, or at intervals, has to struggle 

for life and to suffer great destruction. When we reflect on this struggle, we may console ourselves with the full belief 

that the war of nature is not incessant, that no fear is felt, that death is generally prompt, and that the vigorous, the 

healthy, and the happy survive and multiply. 

 

-Charles Darwin 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The car's on fire and there's no driver at the wheel […] 

We're trapped in the belly of this horrible machine 

and the machine is bleeding to death. 

 

-Godspeed you! Black Emperor 
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ABSTRACT [English] 

The Early Pleistocene is one of the most important periods for the evolution of the biosphere in the Western 

Palearctic. The climatic changes affecting the Northern Hemisphere from the mid-Pliocene deeply modified the 

ecosystems of Europe and settled the conditions for a major transition occurred during the latest stages of the Early 

Pleistocene. The long-term global cooling and the glacial dynamics intensified after ca. 3.0 Ma and, stronger, at ca. 

1.4-1.2 Ma. The periodicity of Glacial-Interglacial (G-IG) cycles ultimately passed from ca. 41 ka to ca. 100 ka as 

non-linear response to the orbital parameters. This major turning point for the climate of the planet, constrained 

between ca. 1.4 and 0.4 Ma, has been called the Early-Middle Pleistocene Transition (EMPT). The consequences of 

these new dynamics exacerbated the cooling and aridification of the climate, eventually triggering the progressive 

shrinking of the forested habitats replaced by open landscapes, the harshening of temperatures, the more marked 

seasonality and, consequentially, a major renewal in the flora and fauna. The outcomes of this transition on the 

European environments and vertebrate communities have been largely studied and debated over the last centuries. In 

particular, the Early Pleistocene faunal assemblages’ taxonomic composition and their response to the environmental 

change have been subject to numerous publications and have provided significant biochronological data. The deep 

effects of the EMPT on the mammal communities of Europe were recognized by many scholars, leading to several 

attempts of formalization of the Epivillafranchian biochron (ca. 1.2–0.8 Ma). This biochronological unit represents the 

‘transitional’ timespan in which Europe was characterized by the co-occurrence of some Villafranchian relicts and the 

first Galerian taxa, mostly arrived in the continent from Asia and Africa.  

Despite the increased interest in the paleontological community and the new discoveries, not all the 

representative faunal elements of the Epivillafranchian are well defined and this biochron is still poorly characterized. 

Among large mammal genera that appeared during the Plio-Pleistocene and that have a major role in the 

Epivillafranchian transition, Sus and Bison stand out. Their importance within the trophic chains of the Pleistocene 

and Holocene and their ecological adaptability and abundance in the fossil record made these two clades extremely 

useful both as environmental indicators and biochronological markers. Nonetheless, the taxonomic history of the early 

representatives of these clades is quite confused and their dispersal in western Eurasia is still relatively obscure. 

Therefore, the main aim of this PhD thesis is to better understand the taxonomy, paleobiology, and chrono-spatial 

distribution of these two iconic genera during the latest stages of Early Pleistocene.  

The study performed on a rich suid record from the Epivillafranchian sites of Cal Guardiola and Vallparadís 

Estació (1.2–0.6 Ma, NE Iberian Peninsula) attests to the presence of the verrucosic boar Sus strozzii in the 
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Mediterranean area between 1.0 and 0.86 Ma, after the so-called ‘suid gap’, during which this group experienced a 

major demographic collapse. The study is extended to other samples of Suinae from Europe and reveals that, 

contrarily to what was commonly believed, S. strozzii did not disappear before the Jaramillo subchron (ca. 1.0) but 

persisted until the Early-Middle Pleistocene boundary (ca 0.8 Ma). The analyses suggest that some of the suid remains 

from European Epivillafranchian sites were erroneously referred to the extant boar Sus scrofa and actually belong to S. 

strozzii, which therefore, can be considered a marker for this biochron.  

The rich bovid record from the late Villafranchian locality of Pietrafitta (central Italian Peninsula), originally 

attributed to Leptobos, is reappraised in this thesis and referred to the genus Bison. The primitive characters of the 

cranium, relatively small body size, and slender built indicate that the Pietrafitta sample can be referred to Bison 

(Eobison) degiulii, one of the earliest species of bison entering Europe after 1.8 Ma. The vague definition of the 

subgenus Eobison has triggered the reappraisal of its entire Eurasian record presented herein. The resulted emended 

diagnosis allows the recognition of, at least, three species of Eobison, spanning for more than 1.0 Ma in the whole 

Eurasia including: Bison (Eobison) palaeosinensis (eastern Asia), Bison (Eobison) georgicus (Caucasus), and B. (E.) 

degiulii (Mediterranean Europe).  

The large bovid collection of the Vallparadís composite section provides new insights on the first ‘true’ bison 

entering Europe at the onset of the Epivillafranchian. This sample is here referred to the oldest member of the 

subgenus Bison, namely Bison (Bison) schoetensacki. A review of several Bison samples from Europe constrained 

between 1.2 and 0.6 Ma advocates the inclusion of this species among the major markers of the Epivillafranchian. 

Finally, the analyses performed on a large sample of Leptobos and Bison postcranial bones from the Quaternary of 

Eurasia reveals that these clades responded to the Pleistocene progressive climatic deterioration with changes in limb 

proportions and average body mass. Although the increase in metapodial stoutness and body size related to the 

progressive opening of the habitats is relatively constant over time, several fluctuations in these parameters are 

registered, according to punctual variations in the environmental conditions. 
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RESUM [Català] 

El Pleistocè inferior és un dels períodes més importants per l'evolució de la biosfera al Paleàrtic occidental. 

Els canvis climàtics que afectaren l'hemisferi nord des de mitjans del Pliocè van modificar profundament els 

ecosistemes d'Europa i van establir les condicions per a una important transició que es va produir durant les últimes 

etapes del Pleistocè inferior. El progressiu refredament global i la dinàmica glacial es veieren intensificats després de 

ca. 3,0 Ma i especialment durant el període ca. 1,4-1,2 Ma. La periodicitat dels cicles Glacials-Interglacials (G-IG) va 

passar finalment de cicles de ca. 41 ka a cicles de ca. 100 ka com a resposta no lineal als paràmetres orbitals. Aquest 

important punt d'inflexió per al clima del planeta, limitat entre ca. 1,4 i 0,4 Ma, s'ha anomenat a la literatura Transició 

del Pleistocè Inferior i mitjà (EMPT). Les conseqüències d'aquestes noves dinàmiques van agreujar el refredament i 

l'aridificació del clima, provocant, finalment, la progressiva reducció dels hàbitats boscosos substituïts per paisatges 

oberts, una estacionalitat més marcada i, en conseqüència, un important recanvi en les associacions animals i vegetals. 

Els resultats d'aquesta transició sobre els ambients europeus i les comunitats de vertebrats han estat àmpliament 

estudiats i debatuts durant els últims segles. En particular, la composició taxonòmica dels conjunts faunístics del 

Plistocè inferior i la seva resposta al canvi ambiental han estat objecte de nombroses publicacions i han proporcionat 

dades biocronològiques importants. Els efectes de l'EMPT sobre les comunitats de mamífers d'Europa han sigut 

reconeguts per molts acadèmics, donant lloc a diversos intents de formalització de la biozona anomenada 

Epivillafranquià (ca. 1,2–0,8 Ma). Aquesta unitat biocronològica representa el període de temps "de transició" en què 

Europa es va caracteritzar per la co-aparició d'algunes espècies vilafranquianes i els primers tàxons galerians, arribats 

majoritàriament al continent procedents d'Àsia i Àfrica. 

Malgrat l'augment de l'interès per la comunitat paleontològica i els nous descobriments, no tots els elements 

faunístics representatius de l'Epivillafranquià estan ben definits i aquesta biozona encara està poc caracteritzada. Entre 

els grans gèneres de mamífers apareguts durant el Plio-Pleistocè i que tenen un paper important en la transició de 

l'Epivillafranquià, destaquen Sus i Bison. La seva importància dins de les cadenes tròfiques del Pleistocè i l'Holocè i la 

seva adaptabilitat ecològica i abundància en el registre fòssil han fet que aquests dos clades siguin extremadament útils 

tant com a indicadors ambientals com a marcadors biocronològics. No obstant això, la història taxonòmica dels 

primers representants d'aquests clades és força confusa i la seva dispersió a l'oest d'Euràsia encara és relativament 

obscura. Per tant, l'objectiu principal d'aquesta tesi doctoral és entendre millor la taxonomia, la paleobiologia i la 

distribució crono-espacial d'aquests dos gèneres emblemàtics durant les últimes etapes del Pleistocè inferior. 
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L'estudi realitzat sobre el registre de suids dels jaciments de l’Epivillafranquià de Cal Guardiola i Vallparadís 

Estació (1,2–0,6 Ma, NE Península Ibèrica) dóna fe de la presència del senglar verrucós Sus strozzii a la zona 

mediterrània entre 1,0 i 0,86 Ma, després del l'anomenat 'suid gap', durant la qual aquest grup va experimentar un 

important col·lapse demogràfic. L'estudi s'estén a altres mostres de Suinae d'Europa i revela que, contràriament al que 

es creia comunament, S. strozzii no va desaparèixer abans del subcron Jaramillo (ca. 1,0Ma) sinó que va persistir fins 

al límit del Pleistocè inferior i mitjà (ca 0,8 Ma). Les anàlisis suggereixen que algunes de les restes de suid dels 

jaciments europeus epivillafranquians es van referir erròniament al senglar actual Sus scrofa i que en realitat pertanyen 

a S. strozzii, que per tant, es pot considerar un marcador d'aquesta biozona. 

En aquesta tesi es revalora el ric registre de bòvids de la localitat de Pietrafitta (Península italiana), atribuït 

originalment a Leptobos, i es refereix al gènere Bison. Els caràcters primitius del crani, la mida corporal relativament 

petita i la construcció esvelta indiquen que la mostra de Pietrafitta es pot referir a Bison (Eobison) degiulii, una de les 

espècies més primerenques de bisons que van entrar a Europa després d'1,8 Ma. La definició vaga del subgènere 

Eobison ha provocat la re avaluació de tot el seu registre eurasiàtic que es presenta aquí. El diagnòstic esmenat 

resultant permet el reconeixement d'almenys tres espècies d'Eobison, que abasten més d'1,0 Ma a tota Euràsia, 

incloent: Bison (Eobison) paleosinensis (Àsia oriental), Bison (Eobison) georgicus (Càucas) i B. (E.) degiulii (Europa 

mediterrània). La gran mostra de bòvids de la secció composta de Vallparadís ofereix noves perspectives sobre els 

primers bisons que van entrar a Europa a l'inici de l'Epivillafranquià. Aquesta mostra es refereix aquí al primer 

membre del subgènere Bison que es dispersa al Paleàrtic Occidental, és a dir, Bison (Bison) schoetensacki. Una revisió 

de diverses mostres de bisons d'Europa restringides entre 1,2 i 0,6 Ma advoca per la inclusió d'aquesta espècie entre 

els principals marcadors de l'Epivillafranquià. Finalment, les anàlisis realitzades en una gran mostra d'ossos 

postcranials de Leptobos i Bison del Quaternari d'Euràsia revelen que aquests clades van respondre al deteriorament 

climàtic progressiu del Pleistocè amb canvis en les proporcions de les extremitats i la massa corporal mitjana. Tot i 

que l'augment de la robustesa metapodial i de la mida corporal relacionat amb l'obertura progressiva dels hàbitats és 

relativament constant en el temps, es registren diverses fluctuacions en aquests paràmetres, segons variacions puntuals 

de les condicions ambientals. 
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1.1. Early Pleistocene in Western Palaearctic: climate and palaeoenvironment  

At the end of the Pliocene, the glacial dynamics that were dominating the Earth’s climate system gradually 

intensified, changing the Northern Hemisphere tropical-like ecosystems into more arid and seasonality marked 

environments (Etourneau et al., 2010). The two most important climatic events that characterized the Plio-Pleistocene 

are the intensification of the glacial dynamics (ca. 2.8 Ma) and the Early-Middle Pleistocene Transition (EMPT; 1.2-

0.6 Ma), which marked a gradually sustained change in the Northern Hemisphere ecosystems in response to orbital 

forcing. Both of these events paced the long-term cooling that affected the Earth’s climate system during the last 4 

Ma. These events ultimately shaped the climate dynamics of the Quaternary in the Western Palaearctic, defining its 

environments and faunal associations (Fig. 1). 

1.1.1. The intensification of Northern Hemisphere glaciations 

The Late Pliocene Earth’s climate system is strongly characterized by the start of a long-term global cooling. 

Between 3.6 and 3.0 Ma the earliest signs of glacial dynamics intensification emerged. By 2.7 Ma. the glacial-

interglacial cycles (G-IG) settled to a 41-Ka periodicity (Fig. 1), characterized by a symmetrical waveform and low 

amplitude (Mudelsee and Raymo, 2005). It is commonly accepted that the main driving factor of the G-IG alternations 

are to be found in the orbital parameters of our planet (i.e., Milankovitch hypothesis). The three main orbital 

parameters, eccentricity, obliquity (or tilt) and precession, have a periodicity of 100 ka, 41 ka and 27 ka respectively 

(Maslin and Ridgwell, 2005). These features define the shape of Earth’s orbit, the tilt of Earth’s rotation axis with 

respect to the orbit’s plane and its orientation (Maslin and Ridgwell, 2005). The dynamics expressed by the orbital 

geometry pace the seasonal cycles and strongly influence the annual insolation received, therefore, their periodical 

changes have a strong forcing effect on the G-IG cycles (Hays et al., 1976). It has been proven that the Early 

Pleistocene G-IG phases, at least until the onset of the EMPT, were correlated with a linear response of the climate 

dynamics to the 41-ka orbital obliquity (Imbrie et al., 1992). If it is widely accepted that the pacing of the cycles is 

given by the orbital parameters, the triggering mechanisms of their inception are still poorly understood. Several 

scholars tried to recognize the main causes of these dynamics, suggesting that most probably the decrease of the 

atmospheric CO2 paired with large-scale tectonic and oceanic events would have settled, at 3.0–2.7 Ma the threshold 

at which the orbital forcing induced the intensification of the Northern Hemisphere G-IG alternations (Maslin et al., 

1998; Bartoli et al., 2005; Haug et al., 2005; Lunt et al., 2008; Bartoli et al., 2011; Hayashi et al., 2020 among others). 

The linear response established between the G-IG cycles and the orbital obliquity will characterize the first part of the 



                                                                                       Early-Middle Pleistocene Sus and Bison from Western Palaearctic | Leonardo Sorbelli  

 
17 

Early Pleistocene until the onset of new non-linear dynamics, namely the EMPT, which from ca. 1.2 Ma, led to a 

progressive increase of G-IG periodicity and a widening of the amplitude in the global ice-volume variations. 

1.1.2. The Early-Middle Pleistocene Transition  

Since its first recognition, the EMPT has been considered one of the most important events that characterized 

the late Cenozoic (Maasch, 1988; Head and Gibbard, 2005; Clark et al., 2006; Lisiecki and Raymo, 2007; Head and 

Gibbard 2015; Chalk et al., 2017; among others). Previously known as the Mid-Pleistocene Transition, or Mid-

Pleistocene Revolution (Maasch, 1988; Berger and Jansen, 1994; Maslin and Ridgwell, 2005), the EMPT settled new 

climate dynamics which led to a major environmental change at global scale, in the timespan comprised between the 

end of the Early Pleistocene and the first half of the Middle Pleistocene (Fig. 1). Over the years, many scholars tried to 

define the boundaries of the EMPT (e.g., Head and Gibbard, 2005; Head et al., 2008) which, in a broader sense, 

should be considered 1.4 and 0.4 Ma (Head and Gibbard, 2015), although the core of the transition is often restricted 

to 0.9–0.4 Ma, constrained by the so-called ‘900 ka event’ (Clark et al., 2006) and the ‘Mid-Brunhes Event’ or ‘Mid-

Brunhes Transition’ (Jansen et al., 1986; Barth et al., 2018). The Earth’s climate, during this period, is largely 

characterized by the onset of a non-linear response to orbital forcing, including: a progressive increase in the 

amplitude of climatic oscillations with a shift towards a ca. 100-ka frequency, a declining of the mean sea-surface 

temperature and a long-term global ice-volume increase paired with a strong asymmetry in its cycles (i.e., long 

intervals of ice sheets growth followed by rapid intervals of deglaciation). These changes, given by the combined 

effect of orbital forcing and the consequent feedback mechanisms internal to climate system, eventually shaped both 

the Earth’s marine and terrestrial realms for the rest of the Quaternary (Head and Gibbard, 2015 and reference 

therein). 

As already mentioned, the Early Pleistocene was characterized by 41-ka obliquity-forced cycles, with low 

amplitude and symmetrical wave form (Tiedemann et al.,1994; Clark et al., 2006; Elderfield et al., 2012). At around 

1.4 Ma (MIS 45-46), the first precursors of the EMPT emerged with a decrease of relative interglacial durations and a 

weakening of the 41-ka periodicity response to orbital obliquity, testifying the increase of non-linear forcing and the 

approach of a major climatic transition (Lisiecki and Raymo, 2007). At 1.2 Ma (MIS 36), the onset of the EMPT core 

marked the gradual shift to ca. 100-ka rhythm and a passage from smooth to abrupt “saw-toothed” asymmetric G-IG 

cycles with a consequent increase in the amplitude of climatic oscillations as non-linear response to orbital parameters 

(Clark et al., 2006; Lisiecki and Raymo, 2007; Head and Gibbard, 2015 and reference therein). The causes of this non-

linear response of the climate cycles to orbital forcing is still matter of debate. If it is commonly accepted that 
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eccentricity cannot be the major driving force (Maslin and Ridgwell, 2005), it is still not clear if the 100-ka periodicity 

represents bundles of 4-5 precession cycles (e.g., Maslin and Ridgwell, 2005), or 2-3 obliquity cycles (e.g., Hubyers, 

2006) or even if there is no consistent and reliable relationship between orbital parameters and G-IG cycles (e.g., 

Maslin and Brierley; 2015). It is indeed true that, although the orbital forcings are undoubtedly the main pacing factors 

of the G-IG climatic oscillations during the EMPT, it has been widely demonstrated that they are not enough to justify 

the periodicity shift (Ruddiman et al., 1986; Head and Gibbard, 2015 and references therein). For this reason, several 

long-term trends and internal feedback mechanisms have been proposed as potential triggers for amplification or 

threshold response (for a complete review see Head and Gibbard, 2015). Currently, there is still small consensus 

among scholars on this matter, which led to the conclusions for some authors, that the generic deterministic models 

relating G-IG cycles and astronomical forcing is too simplistic and the effect of the stochastic nature of the climate 

system might had been underestimated (e.g., Crucifix, 2012, 2013; Maslin and Brierley, 2015; Ditlevsen and Ashwin, 

2018). 

The EMPT features several events that mark the Earth’s history between 1.4 and 0.4 Ma including, among the 

most significant: the intensification of glacial phases at ca. 1.2 Ma, the ‘900 ka event’, the ‘Mid-Brunhes Transition’ 

and the two magnetostratigraphic markers of the Jaramillo subchron and Matuyama-Brunhes boundary (Fig. 1).  

The subchron Jaramillo and the Matuyama-Brunhes reversal provide crucial magnetostratigraphic constrains for 

chronological studies dealing with the latest Early Pleistocene. The subchron C1r-1n, prosaically known as Jaramillo, 

is a normal polarity event within the upper part of Matuyama chron (Gradstein et al., 2012). Due to the timespan 

recorded, 1.07–0.99 Ma (MIS 31–28), Jaramillo is a significant marker of the early stages of the EMPT, reporting the 

first habitat change and faunal renewal triggered by the intensification of the G-IG cycles. On the other hand, the 

passage between the two major chrons Matuyama and Brunhes, dated to the upper part of MIS 19 (ca. 0.77 Ma), has 

been chosen as the boundary between the Early and Middle Pleistocene (Head and Gibbard, 2005). 

The MIS 36, dated to 1.2 Ma, is regarded as the first prolongate glacial stage and marks the intensification in 

the cooling of sea surface and the increase of global ice-volume (Head and Gibbard, 2015). The so-called ‘900 ka 

event’, lasted from ca. 0.94 to 0.87 Ma, includes two strong glacials (MIS 24, 22) and a weak interglacial (MIS 23). 

During this period the quasi-100-ka periodicity became dominant, the mean sea surface temperature dropped 

significantly and the sudden continental ice volume increase led to an abrupt eustatic fall (McClymont et al., 2013; 

Head and Gibbard, 2015). This major climatic reorganization triggered a series of changes at global scale including: 

the aridification of Africa, the increase of winter monsoon activity in Southeastern Asia and an increase of corrosivity 

in deep waters, paired with a stagnation and reduced productivity of Atlantic deep waters (Marino et al., 2009; Head 
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and Gibbard, 2015; Tachikawa et al., 2021). The ‘Mid-Brunhes Transition’ (MBT), at ca. 0.4 Ma (MIS 13–11), is 

considered the ending boundary of the EMPT, marking the onset of a more stable climatic condition due to the higher-

amplitude interglacials (Head and Gibbard, 2015 and reference therein). The MBT is characterized by a step-like 

change in the intensity of the interglacial phases which features a relative increase of temperature and precipitation 

during the MIS 13 and 11 (Jansen et al., 1986; Candy and McClymont, 2013; Ao et al., 2020). The latter are, indeed, 

among the warmest and longest integlacials of the last 0.5 Ma interposed to a particularly strong and harsh glacial 

stage, namely MIS 12 (Lisiecki and Raymo, 2007; Candy et al., 2014). Although some evidence points out that MBT 

would not has been equally expressed in all the planet (e.g., Lang and Wolff, 2011; Candy and McClymont, 2013), the 

strong effects of this event in East Asia, Southern Hemisphere waters and Artic territories set a major climatic 

threshold which reflected into an important environmental transition at global scale (Cronin et al., 2017; Barth et al., 

2018; Ao et al., 2020). 

1.1.3. Palaeoenvironments before and during the EMPT 

The end of the Pliocene experienced a clear harshening of the climatic condition which progressively 

strengthen toward the Plio-Pleistocene boundary and become the dominant trend throughout the Pleistocene. During 

the Piacenzian (ca. 3.6–2.6 Ma) the world was warmer and wetter than today, with mean temperature higher by about 

3 °C than the pre-industrial era (Dowsett, H. J. et al. 2013). These conditions allowed, in the Western Palaearctic, the 

expansion of tropical savannahs and forests, especially during the mid-Piacenzian warm optimum (Jiménez-Moreno et 

al., 2013; de la Vega et al., 2020). Although the first precursors of the G-IG cycles were present at 3.6 Ma (Mudelsee 

and Raymo, 2005), the first intensification of the glacial dynamics is dated at ca. 2.7 Ma (Mudelsee and Raymo, 2005; 

Bartoli et al., 2005, 2011; Hayashi et al., 2020 among others). This ‘climate crash’ (sensu Bartoli et al., 2005) not only 

exacerbated the cooling and the aridification processes of the climate, but also led to a more marked seasonality. The 

ecological consequences were testified by the progressive shrinking of the tropical and sub-tropical habitats replaced 

by more temperate ones (Fig. 1). Although this shift toward harsher conditions affected all Western Palaearctic, its 

timing and strength were not homogeneous in every area. Indeed, in Eastern and Southeastern Europe as well as in 

Asia Minor, the aridification trend started earlier than in other parts of Western Palaearctic, most probably due to a 

major action of the continentality (Kahlke et al., 2011). The Iberian Peninsula witnessed, before 3.0 Ma, the 

establishment of the Mediterranean seasonal precipitation rhythm (i.e., summer droughts) as also testified by the 

disappearance of most of the tropical-adapted plants and the shrinking of laurel forests in favour of many xerophytes 

(Postigo et al., 2009; Jimenez-Moreno et al., 2013). After 2.6 Ma, the cooling and aridification of the Iberian 
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Peninsula led to the opening-up of the habitats, which started to be dominated by the ‘Artemisia steppes’ (Jiménez-

Moreno et al., 2010; Kahlke et al., 2011). The Italian Peninsula, from ca. 2.6 Ma, saw the progressive depletion of the 

thermophilus, deciduous plant taxa with the almost complete disappearance of the “Taxodiaceae” (e.g., Taxodium, 

Glyptostrobus) and the onset of a strong alternations of patched savannahs and wooded landscapes (Bertini, 2010; 

Magri et al., 2017 and references therein). The Aegean area witnessed the emergence of the Mediterranean-type flora 

at the expenses of the exotic taxa which, in some cases, survived in few refuge areas (Velitzelos et al., 2014). From 3.0 

Ma the French territory showed a decrease of warm and humid habitats with the expansion of savannahs which 

became more common after 2.6 Ma, although woodlands were still a major presence in the environment of this area 

(Nomade et al., 2014). By 2.2-2.0 Ma, French landscape was mainly characterized by open habitats with patches of 

open forests in a temperate climate (Nomade et al., 2014).  

After 1.8 Ma, the environmental conditions of Europe witnessed a further deterioration. In the whole 

Mediterranean area, from the Iberian Peninsula to the South-Eastern borders of the continent, both warmer and cooler 

phases are characterized by a decrease of temperature and humidity, leading to the expansion of savannahs alternated 

with woodlands influenced by continental/temperate climates (Kahlke, 2011 and reference therein). At 1.4 Ma the 

precursors of the EMPT started to model the European ecosystems. At 1.2 Ma, the 41-ka periodicity forcing decreased 

and a strong instability began to shape new climate dynamics (Fig. 1). All Western Palearctic witnessed the 

intensification of the cooler phases and a progressive opening of the landscapes with the complete disappearance of 

the subtropical humid forests (Head and Gibbard, 2015). The Italian Peninsula experienced rapid alternations between 

relatively warm steppes/coniferous forests and temperate deciduous forests given by the cool, temperate glacials and 

humid, warm interglacials (Bertini, 2010). The Iberian Peninsula featured a complex mosaic of environments marked 

by the increase of open savannahs and woodlands with emerging regional characteristics and strong differentiations of 

habitats given by the G-IG phases (González-Sampériz et al., 2010). Central Europe started to be strongly affected by 

continental conditions with warm and dry summers and a prevalence of grasslands habitats as testified by the 

dominance of Gramineae (Szymanek and Julienne, 2018). The forested areas were marked by the presence of boreal-

subarctic vegetation during the colder phases and by mixed-deciduous taxa during the warmer periods (Szymanek and 

Julienne, 2018 and references therein). It has been pointed out that during the EMPT, although it is recognizable a 

general trend toward the aridification and the loss of diversity in the European flora, local and regional conditions 

(e.g., topography, continentality) strongly influenced the habitats and vegetational development (Head and Gibbard, 

2015). It is true, indeed, that several areas of the continent (especially at the southern borders, but not only) 

represented temporary refugia for thermophilus plants of East Asian affinity (sensu Martinetto et al., 2017) and 



                                                                                       Early-Middle Pleistocene Sus and Bison from Western Palaearctic | Leonardo Sorbelli  

 
21 

densely forested-humid habitats during cold and arid glacial phases (Stewart and Lister, 2001; Bertini, 2010; 

González-Sampériz et al., 2010; Velitzelos et al., 2014). On the other hand, the opposite reaction is sometimes 

recorded in localities where steppe-like environment dominates at the beginning of deglaciation (e.g., the wooded 

steppe of southern Italy at the boundary MIS 20-19; Capraro et al., 2005). This discrepancy in timing and strength of 

environmental shift consequently affected the faunal turnovers which, although generally constrained in a roughly 

defined time and space, were subject to asynchronous triggering points through the EMPT (Fig.1). 

 

Fig. 1. Summarized and simplified scheme of main climatic, environmental and biotic events of the Quaternary correlated with geochronology, 

magnetostratigraphy and LR04 Benthic Stack (from Lisiecki and Raymo, 2005). Abbreviations: MGST, magnetostratigraphy; G-IG, glacial-

interglacial cyclicity; Geochr.., Geochronology; MA, mega annum; ELMA, European Land Mammal Age; H., Holocene.
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1.2. Early Pleistocene in Western Palaearctic: biochronology of large mammal fauna 

The Early Pleistocene large mammal associations are among the best-known faunal assemblages of all the 

Cenozoic. Their composition and evolution in response to environmental changes of the last 2.5 Ma were extendedly 

studied and defined through various biochronological scales (Fig. 2). 

Biochronology is the most used relative dating methods for continental deposits. Vertebrate palaeontologists 

divide geological periods in Land Mammal Ages (LMAs), sensu Lindsay (1990), i.e., chronological units defined by 

the succession of evolutionary stages of faunal assemblages and dispersal events. Thus, the biochrons are defined as 

elementary units of geological time based exclusively on palaeontological data, avoiding whatsoever reference to the 

lithostratigraphy of the sediments that contain the fossils (Berggren and Van Couvering, 1974). Although the term 

biochronology is already present in literature since the early years of 1900, its use in the European scientific 

community became widespread only after the pioneering works of the 1970s by Heintz (1968; 1970), Heintz et al. 

(1974), Mein (1975) and Azzaroli (1977; 1983), among others, from which the biochronological scale of European 

mammals has been widely developed. Although being a useful dating tool, biochronology is affected by issues related 

to the dispersal events which are, by their nature, diachronous and not homogeneous (Palombo, 2016). The 

geographical and environmental barriers, the distributional patterns of the organisms and their response to climatic 

changes, often hinder the correct definition of first and last appearances of taxa, especially is short period of time. 

Despite these problems, the concept of biochrons relies on the assumption that, at large scale (i.e., continental), in a 

given timespan, dispersal event of groups of organisms are roughly synchronous and homogeneous. During the last 70 

years, several LMAs zone-systems were developed, providing an array of different biochronological scales, each often 

restricted to a regional scale use (Fig. 2). The Italian LMA scheme was one of the first to be developed and has been 

widely used in all Southern Europe, being among the better defined and well known across national borders.  

Plio-Pleistocene LMAs of western Europe are often divided in biozones or faunal units. The MN and MNQ biozones 

(Fig. 2) were firstly developed for the Neogene (MN) by Mein (1975), then expanded by Guérin (1982, 1990) for the 

Pleistocene (MNQ). These biozones are based on the evolutionary stage of selected taxa lineages and the presence of  

particular associations of taxa in Europe, calibrated (when available) by magnetostratigraphic data (Nomade et al., 

2014 and references therein). The Faunal Units (FU) were initially developed by Azzaroli (1977) for the Italian 

biochronological scheme and further expanded by other palaeontologists (Gliozzi et al., 1997; Petronio and Sardella, 

1998 among others). The FU are defined on the basis of local faunas which correspond to a typical association and are 

named after a reference site (e.g., Farneta FU, Collecurti FU) (Fig. 2). These “low rank” biochronological units are 
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particularly useful at local scales, providing insight on the turnovers characterizing a concrete timespan and area, but 

less useful in a continental-scale study. Within this framework, during the decades several “events” were defined, 

including the ‘Elephant Equus event’, ‘Wolf event’, ‘Pachycrocuta brevirostris event’ (Azzaroli et al., 1988; Sardella 

and Palombo, 2007) (Fig. 1). However, most of the modern scholars agree on the poor liability of these definitions due 

to the diachronous nature of the turnovers/dispersals across Europe (e.g., Sardella and Palombo, 2007; Rook and 

Martínez-Navarro, 2010). For this reason, at present-day, these “events” are seldom used as global stratigraphic 

markers but only as local indicators of faunal renewals and paleoenvironmental proxies. Higher rank biochronological 

units such as the LMA encompass longer timespan and wider areas, thus, as stated before, partially solve the turnover 

heterogeneity issues and therefore are largely used in the modern biochronological studies at continental scale. For this 

reason, in this thesis I refer mainly to the European LMA biochronological scale (ELMA). 

1.2.1. European Land Mammal Ages: Villafranchian, Epivillafranchian and Galerian 

The Villafranchian LMA is a biochronological unit (or biochron) based on European large mammals and 

covering the interval comprised from the Late Pliocene to most of the Early Pleistocene (ca. 3.5–1.2 Ma). Pareto 

(1865), for the first time, coined the term Villafranchian to identify the fluvial and lacustrine sediments rich of 

mammalian remains in the surroundings of Villafranca d’Asti (north Italy) including also, in the definition, the faunal 

associations of Lower and Upper Valdarno basins (Central Italy; Rook and Martínez-Navarro, 2010). During the 

second half of the 1900, the term became common also outside the Italian borders and it is currently one of the most 

referred LMAs of Europe. Due to its widespread use, the chronological subdivision of the Villafranchian was 

extensively discussed and, as a result, a number of successive Faunal Units (see section above), were recognized and 

correlated with other European LMAs (Bout, 1960; Bourdier, 1961; Heintz et al., 1974; Mein, 1975; Guérin, 1990; 

Mein, 1990; Gliozzi et al., 1997; Guérin, 2007; Nomade et al., 2014 among others) (Fig. 2). In order to reduce the 

impact of the intrinsic issues given by the heterogeneous and diachronous nature of faunal assemblages, the 

Villafranchian has been divided in three main sub-units: early, middle and late Villafranchian, corresponding to the 

Late Pliocene (ca. 3.5–2.6 Ma), the first half of Early Pleistocene (ca. 2.6–2.0 Ma) and almost all the rest of Early 

Pleistocene (2.0 to 1.2 Ma), respectively (Fig. 3).  

According to classic biochronology, the Villafranchian lasts until 1.0 Ma, succeeded by the Galerian (Rook 

and Martínez-Navarro, 2010). Nonetheless, the evidence of a major faunal turnover started at ca. 1.2 Ma, compelled 

the creation of a biochron that could identify the effect of the climatic instability given by the EMPT on the faunal 

associations of Europe. The period, spanning from ca. 1.2 to 0.8 Ma, is indeed, characterized by the persistence of 
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relicts of the Villafranchian faunas and the first occurrence of some Galerian taxa (Fig. 3). This transitional biochron 

has been named in various ways, including Protogalerian (Caloi and Palombo, 1996), latest Villafranchian (Koufos, 

2001), Final Villafranchian (Spassov, 2003) and Epivillafranchian (Kahlke, 2001a, 2006, 2007). The latter term seems 

to have prevailed in the literature and, during the last decade, various attempts of formalization were provided (e.g., 

Kahlke, 2007; Rook and Martínez-Navarro, 2010; Kalhke et al, 2011; Madurell-Malapeira et al., 2014; Bellucci et al., 

2015). Bourdier (1961) in its definition of “Epi-Villafranchien” based on the French sites of Saint-Cosme and Durfort, 

observed the presence of some faunal elements typical of the Middle Pleistocene with the occurrence of derived forms 

of elephants, bison, horses and reindeer. The term was forgotten until Kahlke (2001a) resurrected it as 

Epivillafranchian. From then on, this locution has been widely used for defining the timespan comprised between 1.2 

and 0.8 Ma (thus including portions of both Villafranchian and Galerian) in which the European faunal assemblages 

feature the evidence of a major turnover leading to the Galerian faunas (e.g., Kahlke, 2006; Madurell-Malapeira et al., 

2010; Martínez-Navarro et al., 2015; Brugal et al., 2020; Iannucci et al., 2021a). On the other hand, although some 

scholars attempted to properly formalize this biochron (e.g., Kahlke, 2007; Bellucci et al., 2015), others noticed that 

the lack of a homogeneous consistency in the fossil record (i.e., diachronous dispersal events, bias in the record) and 

the disagreement on the taxonomy among palaeontologists, amper the correct definition of Epivillafranchian which 

should be revised (e.g., Palombo, 2016). The Galerian LMA was firstly defined by Ambrosetti et al. (1972) on the 

basis of the discoveries from Ponte Galeria, in Central Italy (ca. 0.75 Ma), as the timespan comprised between 1.0 and 

0.4 Ma in which the Villafranchian taxa were progressively replaced by newcomers from Africa and Asia. As for the 

previous biochrons, several definitions and boundaries of Galerian were provided (e.g., Azzaroli, 1983; Petronio and 

Sardella, 1999; Petronio et al., 2011; Marra et al., 2014). Azzaroli (1983) and Azzaroli et al. (1988) refer to the early 

Galerian (ca. 1.0 Ma) as the ‘end-Villafranchian event’, a transitional period in which the last Villafranchian relict 

taxa were co-existing with representants of the Galerian. Marra et al. (2014) states that “the faunal turnover between 

the Villafranchian and Galerian species was completed around 0.6–0.5 Ma”, pointing out that, in the Italian Peninsula, 

this transition happened in a longer timespan due to the favourable climatic conditions and ‘cul-de-sac’ role played by 

the peninsula which could have helped some of the Villafranchian taxa to survive longer in the Middle Pleistocene. As 

aforementioned, during the last decades, several scholars started to consider that the biochronological implications 

given by this turnover compel the creation of a distinct biochron (i.e., Epivillafranchian) which could solve, definitely, 

one of the most controversial issues in the European biochronological framework (e.g., Kahlke, 2007; Rook and 

Martínez-Navarro, 2010; Madurell-Malapeira et al., 2010; Bellucci et al., 2015). For this reason, we follow Kahlke et 

al. (2011), Madurell-Malapeira et al. (2014) in postponing the beginning of the Galerian to the Early-Middle 
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Pleistocene boundary (ca. 0.8 Ma), in which the Villafranchian affinities of the European faunal assemblages are 

completely lost and the Galerian s.s. groups are fully developed (Fig. 3). 

 

Fig. 2. Correlation of the main European chronostratigraphic schemes and scales for the last 3.0 Ma with magnetostratigraphy and LR04 Benthic 

Stack. European Land Mammal Ages (ELMA) are taken (and modified) from Gliozzi et al. (1997), European Small Mammal Ages (ESLMA) 

are taken from Sala and Masini (2007), Italian Faunal Units are taken from Gliozzi et al. (1997), MN-MNQ biozones are taken from Guérin 

1982), MN-MmQ are taken from Augustì et al. (1987); British and North-Western Europe Stages are taken from Cohen and Gibbard (2011), 

Russian Mammal Stages are taken from Vangengeim (2010), Alpine stages are taken from STG (2016). 

Next page. Fig. 3. Approximated occurrences of the large mammal taxa in Europe during the last 3.0 Ma, correlated with geochronology, LR04 

Benthic Stack and the Land Mammal Ages scheme discussed in this work. Abbreviations as in Figure 1. 
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1.2.2. Late Villafranchian large mammals 

The late Villafranchian is possibly the best-known portion of the ELMA as it is represented by a large number 

of sites throughout Europe, including, among the most important: the Homo-bearing locality of Dmanisi (Georgia, ca. 

1.8 Ma), the sites of Mygdonia Basin (Greece, ca. 1.7–1.2 Ma), Olivola, Tasso and Pietrafitta (Italy, ca. 2.0–1.8 Ma), 

Senèze (France, ca. 2.2 Ma) and the Iberian sites of Fonelas-1 and Venta Micena (Spain, ca. 1.8-1.6 Ma). For a 

comprehensive list of late Villafranchian sites with chronological and geographical positions see Fig. 4. After the 

middle to late Villafranchian transition (ca. 2.0 Ma), the marked drop in temperatures and progressive aridification of 

the habitats favoured the entrance of new species in Europe from Africa and Asia, especially among herbivores 

(Gliozzi et al., 1997; Rook and Martínez-Navarro, 2010; Kahlke et al., 2011) (Fig. 3).  

The Villafranchian large bovids were mainly represented by the bovine Leptobos which appeared at the end of 

the Pliocene (‘Leptobos event’ sensu Azzaroli et al., 1988). At the very beginning of the late Villafranchian, the forest 

dweller species L. stenometopon and L. merlai (Leptobos gr. LSEM) were replaced by the stockier L. etruscus and L. 

vallisarni (Leptobos gr. LEV) (Rook and Martínez-Navarro, 2010; Cherin et al., 2019b; see also chapter 4). The latter 

were in turn succeeded by the first primitive forms of Bison (subgenus Eobison) which dispersed from Asia to Europe 

at ca. 1.8 Ma (Kahlke et al., 2011; Martínez-Navarro et al., 2011, see chapter 4). Among the small to mid-sized 

bovids, the most important newcomers are Soergelia, Praeovibos, and Hemitragus which, in some localities co-

existed with the survivors of the middle-late Villafranchian transition such as Gazellospira and Gazella (Kahlke et al., 

2011 and references therein). The late Villafranchian cervids are commonly divided in three groups: the ‘Dama-like’ 

deer, the ‘megalocerine’ deer and the moose deer (see Azzaroli, 1992; Abbazzi, 2004; Croitor, 2006a, 2006b; Breda, 

2008; Cherin et al., 2022; among others). Most of the species belonging to the former group are often assigned to the 

debated genus ‘Pseudodama’ (sensu Cherin et al., 2022), which appeared before 3.0 Ma and evolved with an array of 

strictly related species during the middle-late Villafranchian (Cherin et al., 2022 and references therein). The Early 

Pleistocene ‘megalocerine’ deer are equally affected by several taxonomic issues, however, most scholars agree on the 

validity of the genus Praemegaceros (Abbazzi, 2004; Croitor, 2006b). The first representatives of this clade are 

among the most important newcomers of the late Villafranchian, replacing Eucladoceros as the dominant large deer 

after 1.6 Ma. The species P. obscurus is the commonest member of this group, present in various localities of the 

Mediterranean area and North Europe (Abbazzi, 2004; Croitor, 2006b). Cervalces is a genus of very large deer, related 

to the extant moose (Alces), which was common in the northern latitudes of the European continent since the middle 

Villafranchian (Breda and Marchetti, 2005; Breda, 2008). 
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The suids were represented solely by the genus Sus which already appeared during the Early Pliocene (Cherin 

et al., 2018; see chapters 3 and S1). The large verrucosic boar, S. strozzii, is a recurrent element in all the faunal 

assemblages of Europe until 1.8 Ma. After this interval, it became less common during the so-called ‘suid gap’, lasting 

from 1.8 to 1.2 Ma (Martínez-Navarro et al., 2015; see chapter 6). 

Hippopotamus is a common element of Early-Middle Pleistocene assemblages in all Europe, from the 

Mediterranean area to, possibly, the British islands (Martino and Pandolfi, 2022; Adams et al., 2022). The first 

occurrence of the only Early Pleistocene hippo species, H. antiquus, is still controversial. Although already present in 

some Upper Valdarno sites (ca. 1.8 Ma), this taxon became widespread in the continent only after 1.2 Ma, being one 

of the most successful large herbivores of this period (Martino and Pandolfi 2022 and references therein). 

Among the proboscideans, Mammuthus meridionalis was the only taxon able to survive the deforestation of 

the habitats of the middle Villafranchian. This large form of mammoth most probably emerged from the Late Pliocene 

M. rumanus and lasted for all the late Villafranchian, facing the extinction only at the end of Epivillafranchian when 

more advanced forms of elephants, better adapted to the post-EMPT steppe environments, replaced it (Kahlke et al., 

2011). The rhino, Stephanorhinus etruscus, appeared slightly before 3.0 Ma, being a common element of the 

Villafranchian faunal assemblages from the Mediterranean to Central and North Europe (Guérin, 1980; Pandolfi et al., 

2017). The Etruscan rhino at the end of Villafranchian, underwent to a shrinking of its habitat, surviving, until the end 

of Epivillafranchian, in some “refuge areas” of the Iberian and Italian Peninsulas (Pandolfi and Erten, 2017; Pandolfi 

et al., 2017). The horses (genus Equus) were already common elements of the European faunal assemblages since the 

middle Villafranchian (‘elephant-Equus event’ sensu Azzaroli, 1977). During the earliest stages of the late 

Villafranchian, the persistence of middle Villafranchian species, such as Equus stenonis and the large Equus major, is 

registered. After 1.8 Ma, the middle-sized Equus altidens replaced Equus stehlini and Equus livenzovensis as the most 

widespread horse in Europe until the Middle Pleistocene, sharing the habitats with the last Equus stenonis 

representatives (Cirilli et al., 2021, 2022 and references therein). At the end of the late Villafranchian (ca. 1.5–1.2 

Ma), the occurrence of Equus suessenbornensis and Equus apolloniensis in the Mediterranean area may represent an 

early equid turnover for the large-sized horses of the EMPT (for a comprehensive review see Cirilli et al., 2022). 

The late Villafranchian carnivore guilds are extraordinarily rich, showing heterogeneous assemblages with 

abundance of pack-hunters, scavengers, ambush and pursuit predators (Rodríguez-Gómez et al., 2015; Bartolini-

Lucenti et al., 2022; Konidaris, 2022). Among large carnivorans, hyaenids and canids were the most affected by the 

middle-late Villafranchian turnover. The so-called ‘Pachycrocuta brevirostris event’ at ca. 2.0 Ma (Rook and 

Martínez-Navarro, 2010a) marks the dispersal of the giant bone-cracking hyaena in Europe. Pachycrocuta 
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brevirostris, due to its wide distribution and opportunistic behaviour, deeply shaped the faunal associations of all late 

Villafranchian and Epivillafranchian, being one of the major markers of the latest Villafranchian (Palombo et al., 

2008; Martínez-Navarro et al., 2010a). Although the extinction of the two hyaenids Pliocrocuta and Chasmaporthetes 

is traditionally correlated to the arrival of Pachycrocuta, their survival until the latest Villafranchian is recorded in 

several sites of the Mediterranean Europe (Brugal et al., 2020; Koufos, 2022). The arrival of new Asian Canis species, 

including Canis (Xenocyon) lycaonoides and C. mosbachensis, replacing C. etruscus, C. arnensis and C. (X.) 

falconeri, characterized the pack-hunter guilds of Europe (Madurell-Malapeira et al., 2022). Among the large felids, 

the persistence of middle Villafranchian genera such as Megantereon, Homotherium and Acinonyx are registered in 

most Europe as well as the smaller Lynx and Puma/Viretailurus, which are joined by the newcomer Panthera toscana 

(Kahlke et al., 2011; Antón, 2013; Cherin et al., 2014; Konidaris, 2022). The Etruscan bear, Ursus etruscus, is the 

only ursid roaming the European continent, surviving until the very end of the late Villafranchian (Koufos et al., 

2018). 

Finally, the late Villafranchian is marked by the arrival of Homo in Europe (Fig. 1). Few sites of the continent 

bear the evidence of human passage, including the first occurrence of the genus at the gates of Europe in Dmanisi 

(Georgia) at ca. 1.8 Ma, and lithic artifacts from the Mediterranean area including the sites of Pirro Nord (Italy), 

Barranco Léon-D and Fuente Nueva 3 (Spain), dated between 1.7 and 1.2 Ma (Arzarello et al., 2007; Sirakov et al., 

2010; Ferring et al., 2011; Toro-Moyano et al., 2013). 

The late Villafranchian is a fundamental period for the ecosystem evolution of the European continent, due to 

its major faunal renewal, including a step-change in favour of taxa more adapted to the opening of the landscapes and 

drier conditions. The progressive aridification and shrinking of the subtropical environments, especially between 1.5 

and 1.2 Ma, led to the extinction of all those animals which were suited to warm and closed habitats. It is noteworthy 

the overabundance of hypercarnivorous large predators, which strongly influenced the ecosystem by limiting the 

megaherbivore population sizes and reflected, perhaps, a high apport of scavengeable resources during this period 

(Konidaris, 2022 and references therein). 

1.2.3. Epivillafranchian large mammals 

After 1.2 Ma, the first effects of the EMPT started to model the faunal assemblages of Europe which were 

subjected to a major reorganization. The stronger and longer G-IG cycles strongly modified the environments with a 

shrinking of the forested habitats in favour of open ones. This led to the extinction of the last survivors of the middle-

late Villafranchian transition, which were unable to adapt to the further harshening of the environmental conditions.
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Fig. 4. Most important localities of the late Villafranchian of Europe with approximate chronology. Filled circles indicates more than 

one locality. 1, Dmanisi; 2, Tsalka; 3, Samarskoye; 4, Kamisli; 5, Yassigiime; 6, ‘Ubeidiyah; 7, Taurida Cave; 8, Salcia; 9, Fântâna lui Mitilan; 

10, Grăunceanu; 11, Fântâna Alortitei; 12, La Pietriş 13, Milkovu din Vale; 14, Slivnitsa; 15, Krimni 3; 16; Apollonia 1; 17, Vasiloudi; 18, 

Gerakarou; 19, Tsiotra Vryssi; 20, Kalamoto 2; 21, Alykes; 22, Libakos; 23, Betfia VII/1, IX; 24, Trlica 10-11; 25, Kisláng; 26, Beremend (older 

sites); 27, Strmica; 28, Sandalja 1; 29, Olivola; 30, Tasso; 31, Matassino; 32, Torre Picchio; 33, Villa San Faustino; 34; Upper Valdarno (various 

localities); 35, Faella; 36, Farneta; 37, Mugello; 38, Pietrafitta; 39, Capena; 40, Fontana Acetosa; 41, Monte Argentario; 42, Pirro Nord; 43, 

Erpfinger Höhle; 44, Tegelen; 45, East Runton; 46, Westleton Beds; 47, Westbury-sub-Mendip (Siliceous Member); 48, Riège; 49, Montoussé; 

50, Le Coupet; 51, Senèze; 52, Saint Privat d’Allier; 53, Chilhac; 54, Sainzelles; 55, Communac; 56, Ceyssaguet; 57, Fonelas P-1; 58, Venta 

Micena; 59, Fuente Nueva 3; 60, Barranco Léon 5. Data taken from: Palombo, 2004; Breda et al., 2010; Rook and Martinez-Navarro, 2010; 

Kahlke et al., 2011; Madurell-Malapeira et al., 2014; Cherin et al., 2019a; Terhune et al., 2020; Brugal et al., 2020; Iannucci et al., 2021a. 
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The newcomers from Asia, better suited to face the onset of unstable dynamics, rapidly occupied the empty ecological 

niches as the first members of the upcoming dominant mammal guilds (Fig. 3). This transitional period in which there 

is a co-existence of both the remnants of late Villafranchian assemblages and the first Galerian representants is 

commonly named Epivillafranchian (see above). Over the decades, the definition and the boundaries of 

Epivillafranchian had been a major point of interest for biochronology (Kahlke, 2007; Rook and Martínez-Navarro, 

2010). These debates were fuelled by the discovery of several sites recording this biochron, including, among the most 

noticeable: Untermassfeld (Germany, ca. 1.1 Ma), Le Vallonnet and Durfort (France, ca. 1.2–0.8 Ma), Collecurti, 

Silvia, Cava Redicicoli and Frantoio (Italy, ca. 1.0 Ma) and the Iberian localities of Trinchera Elefante and Gran 

Dolina in Atapuerca (ca. 1.1-0.8 Ma), the Incarcal Complex (ca. 1.0-0.86 Ma) and the composite section of 

Vallparadís (ca. 1.2–0.8 Ma). For a comprehensive list of Epivillafranchian sites with chronological and geographical 

positions see Fig. 5. 

The ungulate guilds were among the mostly affected by the Epivillafranchian transition. Some large bovids 

such as the primitive forms of Bison disappeared, replaced by larger and more robust species of the same genus such 

as B. menneri and B. schoetensacki (see chapters 5 and 6). The small bovids Gazella, Gazellospira and Gallogoral did 

not reach the final stages of late Villafranchian. On the contrary Praeovibos, Soergelia and Hemitragus were better 

adapted to the new arid conditions and thrived in most of the continent (Kalhke et al., 2011). Among the cervids, the 

small ‘Pseudodama’ vallonnetensis became the most widespread ‘Dama-like’ deer of the European faunal 

assemblages (De Lumley et al., 1988; Breda et al., 2020). During this period, the first occurrence of Capreolus in the 

Western Palearctic is also recorded (Breda et al., 2020). The Epivillafranchian ‘megalocerine’ and moose deer are 

represented by “advanced” versions of the late Villafranchian forms, such as Praemegaceros verticornis, which is 

most probably related to the Villafranchian P. obscurus, and Cervalces carnutorum, considered as deriving from a 

cladogenetic/anagenetic evolution of C. gallicus (Azzaroli and Mazza, 1993; Abbazzi, 2004; Breda, 2008). The first 

occurrence of the genus Megaloceros, with the species M. savini in many Western and Central Europe sites, has been 

considered a major marker of the biochron (Madurell-Malapeira et al., 2014). 

After the late Villafranchian ‘suid gap’ in which the suid fossil record was scanty and non-continuous, S. 

strozzii re-appeared at the beginning of the Epivillafranchian (Martínez-Navarro et al., 2015; see also chapters 3, 6 and 

S1). After 1.2 Ma, the large hippo H. antiquus was widely distributed in the whole continent, spanning from the 

Mediterranean area to the high latitudes of Central and Northwestern Europe (Kahlke, 2001b, Martino and Pandolfi 

2022; Adams et al., 2022). Mammuthus meridionalis was the dominant proboscidean during the late Villafranchian 

until the onset of the Epivillafranchian transition facilitated the dispersal of a more grazer-like elephants from Asia. 
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The arrival of M. trogontherii and Palaeoloxodon antiquus at the end of the Epivillafranchian are major bioevents of 

the transition from the Early to Middle Pleistocene (Ros-Montoya et al., 2018; Llaramendi et al., 2020). At ca. 1.2 Ma, 

the last S. etruscus were still populating few areas of Mediterranean Europe when the larger and more massive S. 

hundsheimensis, appeared and rapidly colonized all the continent (Lacombat, 2005; Pandolfi and Erten, 2017). The 

horses already faced an initial turnover between 1.5 and 1.2 with the arrival of the large-sized species E. apolloniensis 

and E. suessenbornensis which co-existed with the smaller E. altidens. Contrarily to the latter, which went extinct at 

the end of Epivillafranchian, these massive and long-legged forms thrived in most Europe until the Galerian (Cirilli et 

al., 2022 and reference therein). 

The carnivore guilds of the earliest Epivillafranchian are characterized by the persistence of Villafranchian 

taxa such as the bone-cracking hyaena P. brevirostris, the wolves C. (X.) lycaonoides and C. mosbachensis and the 

large felids Homotherium crenatidens, Megantereon adroveri, Panthera gombaszoegensis and Acinonyx pardinensis 

(Kahlke et al., 2011; Antón, 2013; Madurell-Malapeira et al., 2014; Hemmer and Kahlke, 2022; Konidaris, 2022). At 

the end of the Early Pleistocene some large predators including: Pachycrocuta, Canis (Xenocyon), Megantereon and 

Puma/Viretailurus faced extinction possibly because of the competition with some new African and Asian elements 

which were dispersing in Europe (Madurell-Malapeira et al., 2010, 2014, 2017; Konidaris, 2022). Among the new 

carnivoran taxa the most importants are: the large ‘speloid bear’, Ursus deningeri, which replaced the Villafranchian 

U. etruscus, the first leopard Panthera pardus, and a large form of Panthera, possibly related to the giant P. fossilis of 

the Galerian (Moullé et al., 2006; Madurell-Malapeira et al., 2014; Sotnikova and Foronova, 2014; Prat-Vericat et al., 

2022). 

The Epivillafranchian is also marked by the spread of Homo across the continent. The peopling of Europe, 

which already started at the end of the Villafranchian, expanded furtherly as testified by the lithic industry found in 

various sites of the Mediterranean area such as: Monte Poggiolo, Le Vallonnet or Sima del Elefante (Peretto et al., 

1998; Michel et al., 2017). This period is clearly marked by the record of the first acheulian artifacts at the Iberian site 

of La Boella (ca. 0.8 Ma; Vallverdú et al., 2014). 

The Epivillafranchian biochron represents a pivotal point for the evolution of the faunas in Europe.  The shrinking of 

the forested areas given by a strong decrease of humidity and the onset of new G-IG cycles with harshened and 

prolonged cold phases, led to step-change in the palaeoenvironmental conditions of the latest Early Pleistocene. This 

shift toward drier and more open habitats determined a series of ecological filters which wiped out most of the relict 

taxa of the Villafranchian age, unable to adapt to the progressive climatic deterioration and created niche space for 

other groups, better suited to face the newly formed conditions. 
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Fig. 5. Most important localities of the Epivillafranchian of Europe with approximate chronology. Filled circles indicates more than one locality. 

1, Akhalkalaki; 2, Evron; 3, Sarkel; 4, Semibalki 1; 5, Port Kraton; 6, Margaritovo 2; 7, Sinyaya Balka; 8, Nogaisk; 9, Tsimbal; 10, Kairy; 11, 

Chishmikioy; 12, Dealul Viilor; 13, Kunino (lower level); 14, Manastirec; 15, Ravine of Voulgarakis; 16, Gombasek; 17, Trlica 6-5; 18, 

Somssich Hill 2; 19, Stránská Skála; 20, Slivia; 21, Leffe 9; 22, Frantoio (Arda river); 23, Imola; 24, Promano; 25, Collecurti; 26, Monte Peglia; 

27, Redicicoli; 28, Untermassfeld; 29, Würzburg-Schalksberg; 30, Het Gat; 31, Saint Prest; 32, Blassac-la-Girondie 33, Le Vallonnet; 34, Tour 

de Grimaldi; 35, Trois Pigeons;  36, Durfort; 37, Bois-de-Riquet; 38, Incarcal I-V; 39, Vallparadís Estació 12-4; 40, Cal Guardiola; 41, Barranc 

de la Boella; 42, Sima del Elefante TE7-TE14; 43, Gran Dolina TD3-7; 44, Pontón de la Oliva; 45, Quibas; 46, Cueva Victoria. Data taken from: 

Palombo, 2004; Breda et al., 2010; Rook and Martinez-Navarro, 2010; Kahlke et al., 2011; Madurell-Malapeira et al., 2014; Terhune et al., 

2020; Brugal et al., 2020; Iannucci et al., 2021a and references therein. 
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1.2.4. Galerian large mammals 

At the Early-Middle Pleistocene boundary, the EMPT already changed drastically the palaeoenvironments 

and, thus, the faunal associations of the Western Palaearctic. The old Villafranchian taxa mostly disappeared and the 

Epivillafranchian newcomers further dispersed and diversified. The Galerian biochron formally starts at this boundary 

and lasts until the late Middle Pleistocene (i.e., ca. 0.35 Ma), in which the Mid-Brunhes Transition marks the end of 

EMPT and the mammal guilds of Europe entered a new phase, namely the Aurelian LMA (Gliozzi et al., 1997). The 

Galerian, differently from the previous biochrons which are mostly recorded in the Mediterranean area, is well 

represented also at higher latitudes. It is worth mentioning the Cromer forest-bed sites of Boxgrove and Clacton 

(United Kingdom, ca. 0.8–0.4 Ma), Süssenborn, Voigtstedt, Mauer, Mosbach 2 and Hundsheim (Germany, ca. 0.7–0.5 

Ma) in Central-North Europe, Sima de los Huesos and Trinchera Dolina TD8 (Spain, ca. 0.6–0.5 Ma), Soleilhac and 

Lunel-Viel (France, 0.7-0.4 Ma), Ponte Galeria, Isernia la Pineta and Fontana Ranuccio (Italy, ca. 0.8–0.4 Ma) in 

Southern Europe, and the Tiraspol complex (Moldavia, 0.9–0.4 Ma) in Eastern Europe. The complete list of the main 

Galerian localities with chronological and geographical positions is provided in Fig. 6. 

The herbivore guild at the Matuyama-Brunhes boundary underwent to a partial reorganization with the 

extinction of some remnants of the Villafranchian age and the diversification of the Epivillafranchian newcomers. The 

large-sized bovid B. schoetensacki rapidly dispersed in the whole continent, reaching the Northern latitudes of Central 

Europe and British Isles (Flerov, 1972; Breda et al., 2010, see chapter 5). This form successfully adapted to the 

heterogeneous habitats of the European Middle Pleistocene and persisted until the end of the Galerian, after which, it 

was replaced by two other giant bovines, the steppe wisent (B. priscus) and the auroch (Bos primigenius), coming 

from Asia and Africa, respectively (Sala, 1986; Kahlke, 1999; Martínez-Navarro et al., 2007). During the interglacial 

phases of the latest Galerian, Europe was visited by the thermophilus bovine Bubalus, whereas during the colder 

stages, the large caprine Ovibos (musk-ox) sporadically appeared (Kahlke et al., 2011; Koenigswald et al., 2019; Rufí 

et al., 2020). The mid to small-sized bovids Hemitragus, Hemibos and Praeovibos evolved in forms which were better 

adapted to the strongly partitioned ecosystems of the Galerian (Kahlke et al., 2011). The ‘megalocerine’ deer like P. 

verticornis and M. savini became more common, while other large forms with palmed antlers, such as P. solilhacus, 

appeared (Pfeiffer, 2002; Croitor, 2006b; Breda et al., 2015 and reference therein). The moose genus Cervalces was 

represented by the very large species C. latifrons which firstly occurred at the Epivillafranchian-Galerian boundary 

(Breda, 2008). The reindeer Rangifer tarandus and the red deer Cervus elaphus (with several species/subspecies of a 

single phyletic lineage) have their first unambiguous appearance at the end of the Galerian (Abbazzi and Azzaroli, 
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1995; Moigne et al., 2006; Van der Made et al., 2017). During this biochron the smaller ‘Dama-like’ forms are poorly 

represented in terms of diversity and abundance (Breda and Lister, 2013). The first small deer with palmate antlers 

(genus Dama) appears around 0.7 Ma with the species D. roberti. This form will be replaced at the beginning of the 

Aurelian, by its relative D. clactoniana (Leonardi and Petronio, 1976; Breda and Lister, 2013). Regarding suids, the 

disappearance of the verrucosic boar S. strozzii just after the Jaramillo subchron, allows the dispersal of Sus scrofa, 

which adapted with various morphotypes to the heterogeneous ecosystems of the Western Palearctic (Kahlke et al., 

2011; Van der Made et al., 2017; see chapter 3). Hippopotamus antiquus persisted in southern Europe until the the 

Middle Pleistocene, being replaced by the modern species, H. amphibius after 0.5 Ma (Martino and Pandolfi, 2022 

and references therein). The dominion of the gigantic proboscideans M. trogontherii and P. antiquus signs the whole 

Galerian age being among the commonest elements of the European record until the Late Pleistocene (Kahlke et al., 

2011). The Epivillafranchian S. hundsheimensis was the only rhinoceros inhabiting the Western Palearctic until the 

early Middle Pleistocene, when other two species, S. kirchbergensis and S. hemitoechus, reached Europe, replacing the 

last Early Pleistocene rhinoceros (Van Asperen and Kahlke, 2015). At the end of the Galerian, the woolly rhinoceros 

(genus Coelodonta), typical element of the so-called Mammuthus-Coelodonta faunal complex, dispersed in the steppe 

environments of the Western Palearctic and persisted until the last interglacial (Kahlke, 1999; Kahlke and Lacombat, 

2008). The horses Equus ferus and E. hydruntinus, respectively the ancestors of modern horses and asses, appeared 

around the mid-late Galerian and replaced the Epivillafranchian E. suessenbornensis (Cirilli et al., 2022). 

The Galerian carnivorans underwent through an almost complete reorganization with the extinction of 

specialized Villafranchian-Epivillafranchian forms and the arrival of generalist and adaptable newcomers. The 

‘Crocuta crocuta event’ marks the passage from the Epivillafranchian to Galerian (ca. 0.8 Ma) in which the extinction 

of the bone-cracking hyaena Pachycrocuta left empty a niche for the arrival of C. crocuta and ‘Hyaena’ prisca 

(Martínez-Navarro et al., 2010a; Palombo, 2014; Iannucci et al., 2021a). C. mosbachensis survived until the end of the 

Galerian when it was replaced by the modern wolf Canis lupus (Palombo, 2018; Iurino et al., 2022; Konidaris, 2022). 

The large felids experienced an important turnover with the last occurrence of the machairodontinae Homotherium and 

Pa. gombaszoegensis, (ca. 0.3 Ma) replaced by the large steppe lion Pa. fossilis and the leopard Pa. pardus (Madurell-

Malapeira et al., 2014; Sotnikova and Foronova, 2014; Prat-Vericat et al., 2022; Konidaris, 2022). The speloid bear U. 

deningeri, appeared during the Epivillafranchian, persisted for all the Galerian, joined by the first forms of brown bear 

U. arctos which dispersed in Europe around 0.5 Ma (Moigne et al., 2006). 

During the Galerian the human occupation of Western Palearctic started to be ubiquitous with a long list of 

sites scattered along the whole continent, from the Italian Peninsula to the British Isles, from the Levant to the Iberian 
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Peninsula (Muttoni et al., 2018 and references therein). According to the most recent reviews, the Galerian dispersal 

event of the genus Homo in the Western Palearctic is strictly related with the final results of the EMPT on 

environments and faunas (Muttoni et al., 2018). The decline of the carnivore guilds and the opening of the Po-Danube 

Gateway leading to the western dispersal of the Galerian large herbivores, might have favoured the first “mass” 

dispersal of humans in Europe (Palombo and Mussi, 2006; Muttoni et al., 2015, 2018). 

The Galerian biochron represents the last stage of the EMPT effects on the faunas of European Pleistocene. 

The taxa appeared during the Epivillafranchian, thrived in a wide spectrum of forms and adaptations, progressively 

colonizing all the continent. The ecological niches left empty after the extinction of the last remnants of the 

Villafranchian age were occupied by these ascending groups as the precursors of the “modern” faunas which will be 

fully developed during the Aurelian LMA. 

 

 

 

 

 

 

 

 

Next page. Fig. 6. Most important localities of the Galerian of Europe with approximate chronology. Filled circles indicates more than one 

locality. 1, Haykadzor; 2, Treugolnaya cave; 3, Girey 1; 4, Kagalnik; 5, Semibalki 2; 6, Gesher Benot Ya’aqov; 7, Tiraspol complex; 8, Araci-

Carieră; 9, Araci-Fântâna Fagului; 10, Feldioara; 11, Rotbav Silvestru; 13; Denzli; 14, Kunino (upper level); 15, Kozarnika B2-1; 16, Petralona 

cave; 17, Megalopolis; 18, Tarkő; 19, Vár-hegy; 20, Vértesszőlős; 21,  Hundsheim; 22, Visogliano; 23, Brecce di Soave; 24, Domegliara 

Selvavecchia; 25, Valdemino (lower layers); 26, Monte Oliveto; 27, Borgonuovo; 28, Cesi; 29, Beccia di Casal Selce; 30, Ponte Molle; 31, 

Ponte Galeria; 32, Fontana Ranuccio; 33, Cava Nera Molinario; 34, Pagliare di Sassa; 35, Isernia la Pineta; 36, Cimitero di Atella; 37, 

Notarchirico; 38, Venosa-Loreto; 39, Calorie; 40, Konéprusy C 718; 41, Schönebeck; 42, Voigtstedt; 43, Bad Frankenhausen; 44, Süssenborn; 

45, Dorn-Dürkheim; 46, Mosbach 2; 47, Mauer; 48, Miesenheim 1; 49, Bruchsal-Büchenau; 50, Steinheim an der Murr; 51, Heppenloch; 52, 

West Runton; 53, Pakefield; 54, Ostend; 55, Waverly Wood; 56, Trimingham; 57, Little Oakley; 58, Hoxne; 59, Clacton; 60, Swanscombe; 61, 

Westbury-sub-Mendip (Calcareous Member); 62, Boxgrove; 63, Terra Amata; 64, L’Escale; 65, Caune de l'Arago; 66, Soleilhac; 67, Pont-du-

Château; 68, La Vayssiere; 69, Camp-de-Peyre; 70, Abbeville; 71, Gran Dolina TD 8; 72, Gran Dolina TD 10; 73, Sima de los Huesos; 74, 

Trinchera Galería TG 3; 75, Cúllar de Baza 1. Data taken from: Bon et al., 1991; Palombo, 2004; Breda et al., 2010; Rook and Martinez-

Navarro, 2010; Kahlke et al., 2011; Madurell-Malapeira et al., 2014; Marra et al., 2014; Terhune et al., 2020; Brugal et al., 2020; Iannucci et al., 

2021a and references therein. 
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1.3. Suids and Bovids from their origins to the Pleistocene 

Bison and Sus, as testified by their extremely rich fossil records and historical/present geographic distribution, 

are two of the most widespread genera of Pleistocene and Holocene large herbivores (McDonald, 1981; Sipko, 2009; 

Barrios-Garcia and Ballari, 2012; Kerley et al., 2012; IUCN, 2022). Their adaptive radiations allowed them to 

populate most of Northern Hemisphere, facing successfully all the climate transitions of the last 1.5 Ma. Bison and 

Sus’ importance in their ecosystems is renown due to their position within the trophic web and their direct effects on 

the environments in which they live (Gunther and Haroldson, 1997; Melis et al., 2007; Barrios-Garcia and Ballari, 

2012; Risch et al., 2021 among others). These two genera are among the most iconic taxa of their respective families, 

Bovidae and Suidae which, in turn, are among the most successful families of artiodactyls. 

The order Artiodactyla (sensu Groves and Grubb, 2011), also commonly named ‘even-toed ungulates’ for 

their even number of functional toes on each limb, is the most diverse and widespread group of large mammals on 

Earth with 23 families, 131 genera and 335 species (IUCN, 2022). Their roots are found most probably in 

Dichobunoidea, a poorly-known paraphyletic group of small mammals of the early Eocene (Theodor et al., 2007; 

Orliac and O’Leary, 2014; Ducroq, 2019). From these small herbivores, not larger than a hare, the artiodactyls 

flourished during the Neogene with a variety of forms, adaptations and sizes which allowed them to conquer all the 

biomes and regions of the planet, including the oceans. The taxonomic history of Artiodactyla has been strongly 

discussed due to the apparent discrepancies between the traditional morphological analyses and the new molecular 

ones (for a complete review see Marcot, 2007 and references therein). Traditionally, Artiodactyla included the 

following extant major clades: Tayassuidae and Suidae (both in Suoidea, i.e., pigs and peccaries), Camelidae (in 

Tylopoda, i.e., camels and llamas), Hippopotamidae (in Ancodonta, i.e., hippos) and several families within 

Ruminantia (Fig. 7). To these, only in the last decades, was added the Cetacea (i.e., whales and dolphins), which has 

been proven by several molecular and morphological studies, to be deeply nested within Artiodactyla (Irwin and 

Arnason, 1994; Gatesy et al., 1996; Montgelard et al., 1997; Nikaido et al., 1999; Geisler and Uhen, 2003; Geisler et 

al., 2007; Zhou et al., 2011; Hassanin et al., 2012). For this reason, many authors prefer to refer to this group as 

Cetartiodactyla (e.g., Hassanin et al., 2012; Zurano et al., 2019). However, in this work, it has been decided to follow 

Groves and Grubb (2011) and Prothero et al. (2022) retaining the original nomenclature for the sake of consistency 

with centuries of taxonomic studies, but acknowledging that Cetacea is formally within the group. According to the 

paleontological record and the most recent time-calibrated molecular studies, Artiodactyla had various radiations 

during the Cenozoic including the abrupt diversification in three clades (Cetruminantia, Suina and Tylopoda) in the 
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earliest Eocene, the splitting of cetaceans in Mysticeti and Odontoceti close to the Eocene-Oligocene boundary and the 

explosive radiations of both Cetacea and Ruminantia between the Oligocene and Miocene (Hassanin et al., 2012; 

Zurano et al., 2019 and references therein) (Fig. 7).  

Pigs, boars, warthogs and peccaries are included in Suoidea (also known as Suina), a superfamily of 

artiodactyls characterized by a robust body with relatively short legs, unfused metapodials, non-ruminant stomach, 

bunodont/brachydont dentition, large heads, short neurocranium and elongated splanchnocranium ending with a 

tubular snout (Groves and Grubb, 1993). Suoidea has been historically considered the sister taxon of Hippopotamidae 

(forming the suborder Suiformes), until recent years, when molecular analyses consistently placed Hippopotamidae 

and Cetacea in a monophyletic group called Cetancodonta or ‘Whippomorpha’ (Graur and Higgins 1994; Gatesy et al. 

1996; Montgelard et al. 1997; Spaulding et al., 2009; Zurano et al., 2019 among others). At the current state of the art, 

Suoidea are considered among the most basal artiodactyls, being placed, alternately with Tylopoda, as sister group of 

Ruminantia (Spaulding et al., 2009; Zurano et al., 2019). Suoidea includes the extant Tayassuidae (tayassuids) and 

Suidae (suids) to which are added the debated extinct families of Palaeochoeridae and Sanitheridae (Van der Made 

and Hussain, 1992; Harris and Liu, 2007; Pickford, 2006; Orliac et al., 2010). The first suoids likely appeared during 

the middle-late Eocene in East Asia (Liu, 2001; Zurano et al., 2019). Suidae and Tayassuidae diverged sometimes 

later, during the late Eocene or early Oligocene in Asia and, whereas the latter colonized the Americas, the former 

dispersed in Eurasia becoming one of the most successful and widespread artiodactyl groups (Thenius, 1970; Orliac et 

al., 2010; Frantz et al., 2016; Gongora et al., 2017). The evolutionary history of Suidae is quite complex, characterized 

by a series of convergences in several morphological structures and an almost unknown Paleogene history (see Orliac 

et al., 2010). Although the first Suidae trace goes back to the Oligocene, the paucity of fossil record referrable to this 

period might underestimate the diversity of this family which could have been already well developed before the 

Neogene (Orliac et al., 2010; Frantz et al., 2016). The first unambiguous recorded radiation of Suidae is registered 

during the Mio-Pliocene with multiple subfamilies colonizing the whole Old World (Frantz et al., 2016 and references 

therein). There is still little consensus among scholars but at least five subfamilies of Suidae emerged during the 

Miocene, namely Listriodontinae, Cainochoerinae, Hyotheriinae, Tetraconodontinae and Suinae, to which is 

sometimes added Babyrousinae (Pickford, 1986; Orliac et al., 2010; Pickford, 2012; Frantz et al., 2016). It is worth 

mentioning that the relationships between the African and European suids are still controversial. Some authors (e.g., 

Groves, 1981a; Pickford, 2012) considered Eurasia as the area of origin of extant African suids, however, recent 

molecular studies suggest that the African clade is monophyletic and it might be evolved separately from the ancestors 

of modern-day Eurasian Suinae (Gongora et al., 2011). By the beginning of the Pliocene, most of the subclades of 
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Suidae went extinct with the exception of Suinae, Tetraconodontinae and the obscure group of Babyrousinae (Van der 

Made et al., 2006; Orliac et al., 2010; Frantz et al., 2016). Tetraconodontinae eventually disappeared sometime during 

the Pliocene, whereas Babyrousinae were restricted to remote areas of Southeastern Asia (Van der Made, 1998; Frantz 

et al., 2016). The ecological niches left empty by the loss of other suid competitors triggered the explosive radiation of 

Suinae, which reached their peak of diversity between the Late Miocene and Early Pliocene (Harris and White, 1979; 

Pickford, 1988; Geraads, 2004; Frantz et al., 2016; Pickford and Obada, 2016; Gongora et al., 2017). Suids, in their 

complex evolutionary history, where able to adapt their morphology and behaviour to the widest range of habitats and 

climates, being among the most common clades in the large mammal fossil records of Eurasia and Africa. Thanks to 

this richness, suids have been successfully used as biochronological tools for African records (White and Harris, 1977; 

Cooke, 1978) igniting a stimulating discussion about their usefulness in European stratigraphy (Van der Made and 

Moyà-Solà, 1989). 

The crown group Ruminantia originated during the middle Eocene in Asia and includes Tragulina and Pecora 

(Zurano et al., 2019). This infraorder is the most diversified among the Artiodactyla with more than 190 species 

divided into six extant families (Hassanin and Douzery, 2003; Bibi, 2013; Zurano et al., 2019 and references therein). 

The members of this group share several adaptations in teeth (i.e., the lack of upper incisors and the presence of 

incisiform lower canine) and in limb bones (i.e., navicular and cuboid fused, magnum and trapezoid fused) and the 

presence of the ruminant digestive system which includes a four-chambered stomach, although Tragulina do not have 

a fully compartmentalized stomach (Hassanin and Douzery, 2003, Métais and Vislobokova, 2007; Prothero, 2017). 

Ruminantia is composed by the extant families Tragulidae, Moschidae, Giraffidae, Antilocapridae, Cervidae and 

Bovidae, to which are often added several extinct families of disputed validity (Hassanin and Douzery, 2003; 

Hassanin et al., 2012; Métais and Vislobokova, 2017; Zurano et al., 2019). The separation between Tragulina 

(represented by the only family Tragulidae) and Pecora (which includes all the remaining families) most probably 

happened sometime during the Eocene (Hassanin et al., 2012). The first radiation of crown Pecora is still strongly 

debated, happened either during the early Oligocene (Hassanin and Douzery, 2003), Oligocene-Miocene transition 

(Hassanin et al., 2012; Zurano et al., 2019) or Early Miocene (Meredith et al., 2011; Bibi, 2013). The available fossil 

record shows that, by the end of the Middle Miocene, all the families of Pecora were already fully developed (Bibi, 

2013). Although Bovidae and Moschidae consistently result as sister taxa (e.g., Meredith et al., 2011; Hassanin et al., 

2012; Bibi, 2013 among others), their splitting is still controversial being placed at the Early Miocene (Meredith et al., 

2011; Bibi, 2013; Zurano et al., 2019) or slightly earlier, at the latest Oligocene (Hassanin and Douzery, 2003; 

Hassanin et al., 2012). The Early Miocene Eotragus noyei from Pakistan is considered the very first Bovidae 
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appearing in the fossil record, although it is still not clear if being part of stem or crown Bovidae (Bibi, 2013). Extant 

Bovidae includes two major clades, namely Bovinae and Antilopinae, made up by nine tribes: Bovini, Tragelaphini 

and Boselaphini, and Cephalophini, Reduncini, Antilopini, Alcelaphini, Hippotragini, and Caprini, respectively 

(Hassanin and Douzery, 2003; Bibi et al., 2009; Bibi, 2013; Hassanin et al., 2012; Zurano et al., 2019). According to 

Janis and Scott (1988), all these tribes share the presence of unbranched and non-deciduous cranial appendages, 

covered by a permanent keratin sheath, which differentiate them (i.e., Bovidae) from the other members of Pecora. 

The splitting between the two subfamilies, Bovinae and Antilopinae, must have been happened between the Middle 

and Late Miocene (Bibi, 2013; Zurano et al., 2019) or at the earliest stages of the Miocene (Hassanin et al., 2012). By 

the end of the Miocene, Bovini was already dispersing from Asia to Africa and Europe, becoming rapidly one of the 

most successful groups of artiodactyls of the Old World, subsequently reaching the North American continent at the 

end of the Pleistocene (Bibi et al., 2009; Froese et al., 2017). 

1.3.1. European Suinae: paleobiogeography and biochronology 

Suinae is the only extant suid subfamily with up to five genera, made by 17 species, living today (Frantz et al., 

2016; Cherin et al., 2018). Suinae most likely appeared during the Late Miocene and, taking advantages of the 

extinction of other suid groups, rapidly colonized all the Old World with an abundance of morphologies and 

adaptations (Frantz et al., 2016; Gongora et al., 2017). Over the years several genera of Suinae from Africa and 

Eurasia were erected, including among the most widely recognized: Propotamochoerus (=Korynochoerus)† (Eurasia), 

Hippopotamodon (=Microstonyx)† (Eurasia), Sus (Eurasia), Porcula (Asia), Celebochoerus† (Asia), Eumaiochoerus† 

(Europe), Metridiochoerus† (Africa), Kolpochoerus† (Africa), Potamochoerus (Africa), Hylochoerus (Africa), 

Phacochoerus (Africa) (Van der Made and Moyà-Solà, 1989; Harris and Liu, 2007; Gongora et al., 2017; Cherin et 

al., 2018). The African Miocene to Pleistocene suid guild is characterized by the presence of the Tetraconodontinae 

clade Nyanzachoerus-Notochoerus and the two Suinae clades Metridiochoerus-Phacochoerus and Kolpochoerus-

Hylochoerus, all represented by several species whose phylogenetic relationships are still debated (Harris and White, 

1979; Souron et al., 2015; Gongora et al., 2017; Cherin et al., 2018 among others). The Eurasian Suinae are commonly 

divided into two tribes, Dicoryphochoerini and Suini, on the basis of dental morphology (see Van der Made and 

Moyà-Solà, 1989). The former is composed by the three extinct genera Hippopotamodon, Propotamochoerus and 

Eumaiochoerus, which most likely evolved from a common ancestor in southern Asia during the latest Middle 

Miocene and subsequently dispersed into Europe at the end of the Miocene (Pickford, 2015). Among these, the small-

sized Eumaiochoerus was endemic of the Tusco-Sardinian paleobioprovince (Hürzeler 1982; Mazza and Rustioni 
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1997), whereas the larger, and similar to each other, Propotamochoerus and Hippopotamodon were widespread in all 

Eurasia with a debated number of species (Kostopoulos et al., 2001; Pickford, 2015; Iannucci et al., 2021b; McKenzie 

et al., 2023). By the Mio-Pliocene boundary, the Dicoryphochoerini of Europe went extinct replaced by the Asian 

newcomers Suini. If the African suines are characterized by a large number of genera and species, the Eurasian 

lineage is mainly represented by the highly polymorphic and geographically widespread genus Sus.  

The first representative of Eurasian Suini is most probably Sus arvernensis (=S. minor), whose first 

occurrence in Europe during the Pliocene has been commonly accepted as a marker of the beginning of the Ruscinian 

LMA (Van der Made 1990; Agustí et al. 2001; Iannucci et al., 2022). This small-sized species survived at least until 

the early Villafranchian (ca. 3.0 Ma, MN 16) and it has been recorded in many localities of Europe, Near East, China 

and Africa, although the taxonomic attribution of extra-European remains has been questioned (Iannucci et al., 2022 

and references therein). Sus arvernensis has been considered as the ancestor of the ‘verrucosic canine’ clade (Azzaroli, 

1954; Berdondini, 1992; Pickford, 2012; Cherin et al., 2018 among others) also grouped in the genus/subgenus 

Dasychoerus (Pickford, 2012; Pickford and Obada, 2016). This group of extinct and extant suids includes all species 

of Sus, with the exception of S. scrofa and possibly S. lydekkeri, featuring a lower male canine which in cross section 

is roughly equilateral (i.e., the labial and lingual sides are similar in size, and both larger than the distal one, Fig. 8) 

(Azzaroli, 1954; Hardjasasmita, 1987; Cherin et al., 2018 among others). The Early Pleistocene of Europe is marked 

by the arrival of S. strozzii, a large form of ‘verrucosic boar’, which most probably phylogenetically related with S. 

arvernensis and replaced it from the middle Villafranchian onward (Azzaroli, 1954; Berdondini, 1992; Cherin et al., 

2018). Sus strozzii is a constant presence in the European fossil record until ca. 1.8 Ma, from when the remains of 

suids in the whole Western Palearctic become scanty and non-continuous (see also chapters 7 and S1). This ‘suid gap’ 

(Martínez-Navarro et al., 2015) has been questioned by Van der Made (2017). In spite of that, the evident bias of suids 

in the fossil record cannot be explained by taphonomic reasons (as the thick and robust bones and teeth of suids 

usually have a good probability of fossilization) or undersampling (as remains of suids during the ‘suid gap’ are absent 

even in localities which have yielded thousands of fossils remains; e.g., Dmanisi, Pietrafitta, Venta Micena, Fuente 

Nueva 3, or Apollonia). For a deeper discussion about this topic see chapter 6. At the beginning of the 

Epivillafranchian (ca. 1.2 Ma) this ‘suid gap’ seems to cease with the re-appearance of suids in Europe in many 

localities such as Untermassfeld, Le Vallonnet, Vallparadís Section, La Boella and Frantoio among others (Moullé, 

1992; Guérin and Faure, 1997; Bona and Sala, 2016; chapter S1). Until recent years, almost all the Epivillafranchian 

and Galerian remains of Sus were attributed the extant boar, S. scrofa, often referred to the primitive subspecies S. s. 

priscus (e.g., Kurten, 1968; Guérin and Faure, 1997; Van der Made, 1999; Van der Made et al., 2017). However, this 
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has been proved wrong by the work presented in this thesis (chapters 3 and S1) in which it is demonstrated that S. 

scrofa did not appear in Europe before the Middle Pleistocene and most of the Epivillafranchian suid records actually 

belong to the species S. strozzii. At the dawn of the Galerian, this species is among the large mammals that went 

extinct, replaced by the first representatives of S. scrofa. The origin of the latter species is still obscure, although it has 

been suggested that the Asian S. lydekkeri (with an intermediate scrofic-verrucosic canine) might be its ancestor 

(Fujita et al. 2000). Sus scrofa, indeed, is the only representative of the so-called ‘scrofic canine’ clade, in which the 

lower male canine section is scalene (i.e., the sides are all different in size and the lingual side is shorter than the distal 

one; Azzaroli, 1954; Cherin et al., 2018; Iannucci, 2022). By the Galerian LMA, the extant wild boar conquered all the 

temperate and sub-tropical environments of Eurasia and extirpated almost any competitor with the exception of some 

species belonging to the verrucosic clade surviving in Southeast Asia (e.g., S. celebensis, S. verrucosus, S. barbatus; 

Frantz et al., 2016; Cherin et al., 2018 and references therein). 

1.3.2. European Bovinae: paleobiogeography and biochronology 

Bovinae includes at least 23 extant and a much higher number of extinct species (Bibi, 2009). After the 

divergence from Antilopinae during the Miocene, Bovinae followed an independent evolutionary radiation into the 

tribes Bovini, Boselaphini and Tragelaphini (MacEachern et al., 2009; Bibi, 2013 among others). The latter two tribes 

represent all the spiral and four-horned ox like Bovinae (Bibi et a., 2009). Tragelaphini includes the extant genera 

Tragelaphus and Taurotragus, although the latter is often considered as a subgenus of the former (Bibi, 2009; 

Hassanin et al., 2018). The evolutionary history of this group is almost completely exclusive of the African continent 

(Bibi et al., 2009). Molecular and fossil evidence suggested that this group diverged before the Pliocene either in 

Africa or Eurasia but had its radiation in the former (Kostopoulos and Koufos, 2006; Bibi et al., 2009). The earliest 

African tragelaphine of the Mio-Pliocene boundary is most probably already a member of the crown group, although 

the recently discovered Pheraios from the Late Miocene of Greece may represent a possible stem clade of this group 

in Eurasia (Kostopoulos and Koufos, 2006; but see also Bibi, 2009). Whether the tribe emerged from an African 

forerunner or from a “pre-tragelaphine” Eurasian form which later dispersed in Africa, is still debated. However, if 

confirmed, the presence of a basal Tragelaphini in the terminal Miocene of Southeast Europe suggests the existence of 

two separated clades originated out of Africa before the Late Miocene (Kostopoulos and Koufos, 2006). Boselaphini, 

in its broader term, form a large and diverse tribe of bovids which includes the extant genera Boselaphus and 

Tetracerus and the Pleistocene Duboisia (Bibi, 2009; Rozzi et al., 2013). This group is currently considered a non-

monophyletic clade being used, for many years, as a “wastebasket” for all the extinct taxa not conform to Tragelaphini 
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or Bovini (Bibi, 2009; Bibi et al., 2009). The earliest forms of “Boselaphini” are most probably not strictly related 

with the Asian crown Boselaphini whose origins are still obscure due to the lack of fossil record (Bibi et al., 2009). 

The Late Miocene and Early Pliocene of Eurasia is characterized by the presence of several genera (e.g., Tragoportax, 

Miotragoceros, Protragocerus), whose taxonomic status is still controversial, often lumped in “Boselaphini” (Moyà-

Solà, 1983; Bibi et al., 2009). Bibi et al. (2009) suggested that most of these forms are actually either members of stem 

groups of one, or more, living bovid tribes or belong to independent non-Boselaphini clades. Sokolov (1953) erected 

Tragocerina in which these forms might be grouped, however, this clade is formally invalid, given that it is based on 

the synonymized taxon Tragocerus (Bibi, 2009). 

Stem Bovini most likely appeared during the early Late Miocene in Asia with Selenoportax, first, and Pachyportax, 

later (Bibi, 2007: Bibi et al., 2009). The dispersal event of early Bovini in Europe and Africa most likely happened 

right before the Mio-Pliocene boundary with the radiation in the subtribes Bubalina and Bovina (Geraads, 1992; 

Hassanin and Ropiquet, 2004; Ghassemi-Khademi et al., 2021). Bubalina, which is considered to have more ancestral 

traits than its sister-clade Bovina, probably appeared sometime during the Early Pliocene (Bibi, 2009). Traditionally, 

Bubalina includes the extant genera Bubalus (Asia) and Syncerus (Africa) and their putative ancestors Prohamphibos 

and Ugandax, respectively (Gentry and Gentry, 1978a, 1978b; Geraads, 1992; Bibi. 2009). Some authors include also 

Hemibos within the Asian clade, as an intermediate form between Prohamphibos and Bubalus (Pilgrim, 1939; 

Martínez-Navarro et al., 2011). For most of their history, Bubalina seldomly dispersed in Europe, although few taxa 

occasionally populated the continent during the warmer stages (Koenigswald et al., 2019). Bovina has a quite complex 

and debated history. This subtribe is traditionally composed by the extant genera Bos (auroch, oxen and cattle), Bison 

(bison and wisent), Bibos (banteg, gayal, gaur and kouprey) and Poephagus (yak), however, molecular studies widely 

support the inclusion of the latter three taxa into Bos as subgenera (e.g., Ritz et al., 2000; Verkaar et al., 2004). In this 

work, although recognizing this striking evidence, we follow Kostopoulos et al. (2018) and others in keeping the 

traditional nomenclature (with regard to Bison) in order to keep consistency with centuries of zoological and 

palaeontological studies (see chapter 4). Among the extinct taxa from Eurasia, Leptobos, Epileptobos and several 

other Bison-like and Bos-like genera of dubious validity (e.g., Probison, Protobison, Adjiderebos, Ioribos, 

Proleptobos) were often included in Bovina (Pilgrim, 1939; Sahni and Khan, 1968; Vekua, 1972; Burchak-

Abramovich et al., 1980; Dubrovo and Burchak-Abramovich, 1986, Bibi, 2009; Masini et al., 2013). The African 

Pelorovis appeared during the latest Pliocene and survived until the Middle Pleistocene. Historically, Pelorovis was 

thought to derive from Simatherium (Gentry and Gentry, 1978a, 1978b; Vrba, 1987), however, this idea has lost 

approval and, instead, a close relationship between the former and Bos is supported, not without controversies 
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(Geraads, 1992; Martínez-Navarro et al., 2007, 2010b; Bibi, 2009). The European Pliocene is marked by the presence 

of Parabos and Alephis, two interesting taxa whose position within Bovinae is still not clearly resolved, having being 

considered either Boselaphini with Bovini-like morphology or very primitive forms of Bovini (Gromolard, 1980; 

Michaux, et al., 1991; Geraads, 1992; Montoya et al., 2006; Bibi, 2009; de Soler et al., 2012). Leptobos is the first 

Bovina entering Europe from Asia during the early Villafranchian (Pilgrim, 1937, 1939; Masini, 1989; Duvernois, 

1990). This genus of large bovids includes several species from the Late Pliocene to the Early Pleistocene of Asia and 

Europe. Scholars divide the European forms into two lineages, sometimes referred to the subgenera Smertiobos and 

Leptobos, although this nomenclature is rarely used (see chapter 4). The origin of the genus and the relationships 

between the Asian and European species are still poorly understood due to the lack of data and confused taxonomy 

regarding the Pliocene forms of Siwaliks and Ponto-Caspian region. The genus Bison appeared for the first time in 

Asia during the latest Pliocene, most likely emerging from a derived stock of Leptobos, and reached Europe in the late 

Villafranchian (Masini, 1989; chapters 4, 5 and references therein). The earliest members of Bison were 

accommodated by Flerov (1972) in the subgenus Eobison, which became a “wastebasket” taxon for all the primitive 

forms of Bison-like bovids from the Early Pleistocene of Eurasia. In chapter 4 we provide a revision of this clade, re-

defining the biochronology and taxonomy of these extremely interesting transitional forms. The larger and derived 

Bison (Bison s.s. in this thesis) do not occur in Europe before the beginning of the Epivillafranchian (Moullé, 1992; 

Brugal, 1995; Sher, 1997). The arrival of Bi. menneri and Bi. schoetensacki is discussed in chapter 5, with a focus on 

the record of the latter species. Bison menneri, whose record is restricted to a couple of Central-North European sites 

of the earliest Epivillafranchian, has been recently referred to the subgenus Poephagus (Bukhsianidze, 2020). By the 

Middle Pleistocene on, the steppe wisent Bi. priscus became one of the most representative elements of the faunal 

assemblages of Eurasia (Flerov, 1972; Sala, 1986; Kahlke, 1999; Vasiliev, 2008 among others). Unfortunately, not 

much is known about the origin of this species. At the end of the Pleistocene, it reached North America through 

Beringia and gave rise to the lineage which eventually led to the American ‘buffaloes’ (Flerov, 1972; McDonald, 

1981; Froese et al., 2017). Molecular analysis widely demonstrated the Bi. priscus ancestry of the American bison; on 

the other hand, the relationships between the Pleistocene Eurasian forms and the European wisent Bi. bonasus are 

much more complex (Marsolier-Kergoat et al., 2015; Massilani et al., 2016; Soubrier et al., 2016; Froese et al., 2017; 

Palacio et al., 2017; Grange et al., 2018; Wang et al., 2018 among others). Recent studies discovered an unnamed 

species of Bison from the Middle to Late Pleistocene of Eurasia (often defined as ‘CladeX’ or ‘Bison Bb1’) 

genetically related to Bi. bonasus which, however, remained undetected by palaeontologists for decades due to its 

morphological similarities with the steppe wisent (Soubrier et al., 2016; Palacio et al., 2017; Grange et al., 2018). The 
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putative attribution of this “ghost taxon” to Bi. schoetensacki by Palacio et al. (2017), already questioned by Grange et 

al. (2018), is discussed in chapters 5 and 6. In addition to that, the evidence of a strong introgression of Bo. 

primigenius in the mitochondrial genome of Bi. bonasus led some authors to conclude that the latter is the product of 

hybridization between the steppe bison and auroch (Soubrier et al., 2016). Other studies on the nuclear genome, 

however, evidenced a much lesses degree of Bos gene flow into Bison and that the incomplete lineage sorting might 

be responsible of the “anomalous” mtDNA of the wisent (Wang et al., 2018). By the Middle Pleistocene, Bo. 

primigenius (i.e., the ancestor of modern cattle) started to populate the Eurasian woodlands and survived until 

historical times. The origins of this taxon are still quite controversial. Traditionally, auroch was thought to be evolved 

in Asia (Pilgrim, 1947; Groves, 1981b; Zong, 1984; van Vuure, 2005), however recent works evidence a close 

relationship between the giant African ‘buffalo’ Pelorovis and Bos (Geraads, 1992; Martínez-Navarro et al., 2007). 

The latter authors went further suggesting a direct ancestor-descendant relationship between the two taxa, even 

proposing that Pelorovis is synonym of Bos. The recent discovery of a primitive species of Bos with transitional 

characteristics from the earliest Middle Pleistocene of North Africa, seems to support this hypothesis (Martínez-

Navarro et al., 2010b). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Next page. Fig. 7. Time-calibrated phylogenetic tree of extant Artiodactyla families. Horizontal grey bars represent the 95% highest posterior 

density of each node. Modified from Zurano et al. (2019). 
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2.1. Aims and scopes 

Sus and Bison are among the most characterizing taxa of the Pleistocene period and persist as ones of the few 

large mammals still populating Eurasia after the Quaternary megafauna extinction outside Africa (Barnosky et al., 

2004). Species belonging these two genera represent important markers of the faunal transitions that succeeded during 

the Pleistocene, often related with the first human dispersal events of the late Early Pleistocene (Kahlke et al., 2011; 

Van der Made, 2013; Head and Gibbard, 2015 among others). This period, characterized by a strong shift toward 

cooler and drier climates, is considered as crucial for the shaping of the first “modern” faunas of Europe. 

Environmental changes throughout the EMPT led to the arrival of several groups of large mammals from Asia to 

Europe, which co-existed, for a considerable timespan, with the last survivors of the Villafranchian age. Suines and 

bovines of this age, represented respectively by the genera Sus and Bison, have been matter of discussion among 

scholars as important markers for the definition of European biochrons. Unfortunately, their scattered fossil records 

and confused taxonomy strongly hindered the study of their evolutionary history, paleobiogeography and dispersal 

events which still remain obscure. 

This thesis, therefore, aims to fill the gaps in this knowledge with a comprehensive reappraisal of the 

European fossil record attributed to these two groups, in the framework of a biochronological study. The main core of 

this work includes the systematic study of Sus and Bison remains from the most important late Villafranchian and 

Epivillafranchian localities of Europe. This, in order to re-define the chronological and geographical ranges of the 

species belonging to these taxa. Furthermore, a focus on their response to the climatic deterioration and consequent 

palaeoenvironmental changes during the EMPT is provided. To this end, three large collections (two of bovids and 

one of suids), from three of the most important paleontological localities of the late Early Pleistocene, were taken as 

case studies and compared with other coeval records. The final discussion of this thesis aims at integrating the 

systematic results with the biochronological scheme of Europe in order to provide new insights on the widely used 

Land Mammal Age framework. 
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2.2. Structure 

This thesis seeks to achieve the specific objectives reported below, addressed in the respective chapters 

presented here, including: 

(I) Chapters 3 and S1. The systematic reappraisal of Sus from the Epivillafranchian of Europe. The case 

study is represented by the suid collection from the sites of Cal Guardiola and Vallparadís Estació 

(Epivillafranchian, Iberia), described in chapter S1. A focus on the ‘suid gap’ debate and its 

biochronological, paleobiogeographical and paleoecological implications of this study is provided in 

the general discussion (chapter 6) and in supplementary (chapter S1) sections. Chapter S1 is 

represented by a peer-reviewed paper published in the scientific journal Quaternary Science Reviews. 

 

(II) Chapters 4 and S2. The systematic reappraisal of primitive form of bison B. (Eobison) from the late 

Villafranchian of Europe. The case study is represented by the bovid collection from the site of 

Pietrafitta (late Villafranchian, Italy) described in chapter 4 and S2. Focuses on the limb proportions 

and body size changes of Bison and Leptobos in response to environmental change, and an overview 

on their dispersal in Western Palearctic are provided in chapters 4 and 6 respectively. Chapters 4 and 

S2 are represented by a peer-reviewed paper and its supplementary material published in the scientific 

journal Quaternary Science Reviews. 

 

 

(III) Chapters 4 and S3. The systematic reappraisal of the earliest Bison s.s. from the Epivillafranchian of 

Europe. The case study is represented by the bovid collection from the sites of Cal Guardiola and 

Vallparadís Estació (Epivillafranchian, Iberia). A focus on the morphometric and morphological 

differences between the metapodials of European Pleistocene large bovids, and an overview of the 

“true” Bison species taxonomy are provided in chapters 5 and 6 respectively. Chapters 5 and S3 are 

represented by a peer-reviewed paper and its supplementary material published in the scientific 

journal Quaternary Science Reviews. 



Chapter 2 | Aims and Structure, Materials and Methods 

 
52 

2.3. Materials 

The material which was studied and published for the first time in this thesis includes the samples of Sus 

strozzii, Bison (Eobison) degiulii and Bison (Bison) schoetensacki, from the sites of Cal Guardiola (Spain), 

Vallparadís Estació (Spain) and Pietrafitta (Italy), housed in the collections of the ICP and MPLB (see abbreviations 

in chapters 4, 5, S1). For the complete list of the specimens studied see chapters S1, S2 and S3. In order to provide the 

widest spectrum of comparison and compelled by the necessity of reappraising many records, the chosen comparative 

sample includes thousands of specimens referred to extant and fossil Suidae and Bovidae species from Eurasia and 

North America of the last 2.5 Ma. The data were either collected directly -by me or the co-authors/collaborators of the 

analyses- or retrieved from the available literature. Regarding the latter case, the references of the works from which 

the measurements were taken are cited in all the respective tables or in the text (Chapters 4, 5, S1, S2, S3). 

2.3.1. Suidae sample 

The comparative sample includes both extant and extinct taxa of suids. The study focused on the dentognathic 

remains which are commonly considered the most diagnostic elements in Suidae and, therefore, are widely 

represented in literature. The analysis of lower canines was performed only on adult male individuals whereas the 

study about other dentognathic element was extended to all adult specimens. The isolated lower canines without 

reliable sex attribution and juvenile individuals were not included in the analyses. 

The comparative material which was directly studied is stored in the following institutions (see abbreviations 

in chapters 4, 5, S1): Sus strozzii Upper Valdarno (Italy) housed in the IGF, S. strozzii from Pantalla (Italy) housed in 

the SABAP UMB; S. strozzii from Slivia (Italy) house in the MCSNT; S. strozzii from Le Vallonnet (France) housed 

in MPRM; S. strozzii from Untermassfeld (Germany) and Sus scrofa from Weimar-Ehringsdorf (Germany) housed in 

the IQW; S. scrofa from Gombaszög (Slovakia) housed in the NHM; S. scrofa from Mosbach housed in the 

NHM:MZ; S. scrofa from Lunel-Viel (France) housed in the ISEM; S. scrofa from undetermined localities of India 

and Italy housed in the MZUF; S. scrofa, Sus barbatus, Sus verrucosus, Sus celebensis, Sus cebifrons from 

undetermined localities of South-East Asia, China, Europe and Africa housed in the NHM; S. barbatus and S. 

celebensis from undetermined localities of South-East Asia housed in the NRM. For more information see the sections 

Material and Methods of chapters 4, 5 and S1. 
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2.3.2. Bovidae sample 

The comparative sample includes both extant and extinct taxa, the analyses were performed on both female 

and male individuals whereas juvenile specimens were not included. The study concentrated on the most diagnostic 

and common skeletal elements of Bovidae in the fossil record, including skull, horn-cores, teeth and limb bones, with 

a focus on the anterior zygopodium and metapodials.  

The comparative material which was directly studied is stored in the following institutions (see abrreviations 

in chapters 4, 5, S1): Leptobos elatus from Villarroya (Spain) housed in the ICP, Leptobos etruscus, Leptobos 

vallisarni, Leptobos furtivus, and Bison (Eobison) sp. from Olivola. Le Ville and other Upper Valdarno localities 

(Italy) housed in the IGF, Leptobos merlai from Pantalla and an undetermined locality of Umbria (Italy) housed in the 

SABAP UMB; L. etruscus from Upper Valdarno (Italy), L. merlai from Saint Vallier (France) and Leptobos 

stenometopon from Triversa (Italy) housed in the NHMB; Bison (Eobison) degiulii from Pirro Nord (Italy), housed in 

the DST and PF; B. (E.) degiulii from Mygdonia Basin (Greece) housed in the LGPUT and NHCK; B. (E.) cf. degiulii 

from Salita di Oriolo (Italy) housed in the MCSNF; B. (E.) cf. degiulii from Capena (Italy) and Bison (Bison) cf. 

schoetensacki from Cava Redicicoli (Italy) housed in the MUST; B. (Eobison) sp. from Mugello (Italy) housed in the 

MGCB; B. (B.) schoetensacki from Isernia La Pineta (Italy), housed in the MPPPL and IGF;  B. (B.) schoetensacki 

from Cesi (Italy) housed in the, MuPA; B. (B.) schoetensacki from Le Vallonnet (France) housed in MPRM, B. (B.) 

schoetensacki from Cromerian localities of UK (United Kingdom) housed in NHM, BGS and YM; Bison (Bison) 

priscus from Siberia (Russia), housed in the Yakutia. The digital material studied includes the 3D models of Bison 

(Eobison) georgicus from Dmanisi (Georgia) housed in the GNM; Bison (Bison) bonasus from Białowieża (Poland) 

housed in the MRI PAS; Bison (Bison) latifrons from several North American sites housed in the IMNH. For more 

information see the sections Material and Methods of chapters 4, 5 and S1. 

2.4. Methods 

The Morphometric measurements of the studied sample were recorded to the nearest 0.1 mm with analogic 

and digital callipers. The measurements on the digital 3D models were taken with the aid of the software MeshLab 

(Cignoni et al., 2008). Statistical computations were made with the help of PAST v.3 and v.4 (Hammer et al., 2001) 

and R software (R Core Team, 2019). Here I provide a summarized list of the measurements taken and the statistical 

analyses performed for each group. For more detailed description of the study phases, and a better understanding of 

the tests computed in this work, see the Materials and Methods sections of the corresponding chapters.
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2.4.1. Suidae methodology 

The anatomical terminology used in chapter S1 follows Van der Made (1996) whereas the morphometric 

measurements are after Von den Driesch (1976) and Cherin et al. (2018) and are explained in Tab 1 and shown in Fig. 

8. Lower canines are considered the most diagnostic teeth for distinguishing suids of Pleistocene in two informal 

groups (Cherin et al., 2018 and reference therein). The ‘scrofic group’, which nowadays includes only the living Sus 

scrofa, is characterized by a cross section in which the lingual side is the longest, and the distal side is longer than the 

labial one. On the other hand, the ‘verrucosic group’, including all the extant species of South-East Asia the extinct 

Sus arvernensis and Sus strozzii, the labial and lingual sides of the lower canine are roughly identical and broader than 

the distal one (see chapters 1, S1). The measurements of these se elements were taken near the alveolus for the teeth 

which were still inserted in the mandible and at the level of their wider section for the isolated remains. The 

distal/labial and lingual/labial ratios of the two groups were compared with the analysis of variance (ANOVA) in R 

software (R Core Team, 2019) and visually represented in boxplots, in order to estimate the level of divergence 

between scrofic and verrucosic canines. In addition to that, Principal Component Analysis (PCA) was performed, with 

the help of the prcomp function in R on the Mosimann shape variables, i.e., the three canine measurements (labial, 

lingual, and distal diameters) were standardized by their geometric mean. Whenever possible, the three lengths were 

averaged between the left and right canines. A biplot of lower m3 comparing width vs length was produced in order to 

assess the intraspecific variability showed by the extant and extinct Sus species of Eurasia. 

The Vallparadís Estació cranium IPS107041a was digitalized through photogrammetry, using the Structure-

from-Motion technique (Remondino and El-Hakim, 2006). The pictures, manually taken, were transformed into a 

point cloud by the software Agisoft Photoscan v.1.2.6. and then adjusted with the help of Geomagic Design X. 

Finally, the polygonal surface was generated through the use of CloudCompare v. 2.10.2 and PhotoScan. For detailed 

information about these processes see chapter S1. 

A cladistic phylogenetic analysis was performed using the data matrix by Cherin et al. (2018) with the 

exclusion of one species (Sus lydekkeri) and the inclusion of the Vallparadís CS sample as separated OTU 

(Operational Taxonomic Unit). Therefore, the final matrix was composed by 19 OTU and 52 craniomandibular and 

dental characters, unordered and unweighted. The phylogenetic reconstruction was performed in PAUP*4.0 

(Swofford, 2002), under parsimony using heuristic searches with tree bisection reconnection branch-swapping 

algorithm and ACCTRAN optimization. Branch support was computed with 100,000 bootstrap replicates with random 

stepwise addition, and with Bremer index using the bremer. run script in TNT 1.5 (Goloboff and Catalano, 2016).  
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ABBREVIATION DESCRIPTION OF THE MEASUREMENT 

BAL Basicranial axis: Basion – Hormion (cranium) 

BSL Basion – Staphylion (cranium) 

CM3LL Distance between distal border of c1 and distal border of m3 (mandible) 

CWMAX Max breadth occipital condyles (cranium) 

DCLL Length of c1-p1 diastema (mandible) 

DET Anteroposterior diameter of the distal epiphysis (tibia) 

DEW Mediolateral diameter of the distal epiphysis (tibia) 

DPLL Length of p1-p2 diastema (mandible) 

DTW Distal mediolateral diameter (astragalus) 

EEL Ectorbitale – Entorbitale (cranium) 

EIL Entorbitale – Infraorbitale (cranium) 

FL Frontal length: Bregma – Nasion (cranium) 

FMW Max breadth foramen magnum (cranium) 

FWMAX Max frontal breadth: Ectorbitale – Ectorbitale (cranium) 

LCSMIN Smallest length of the collum scapulae (scapula) 

LGP Greatest length of glenoid process (scapula) 

LH Height of the lacrimal (cranium) 

LL Lateral length (astragalus) 

LM Medial length (astragalus) 

M1LH Height of mandibular corpus at the mesial border of m1 (mandible) 

M3LH Height of mandibular corpus at the distal border of m3 (mandible) 

MLL Length of molar row (mandible) 

MUL Length of molar row (cranium) 

MWMAX Max mastoid breadth: Otion – Otion (cranium) 

OSWMAX Max breadth of the squamous part of the occipital bone (cranium) 

OSWMIN Min breadth of the squamous part of the occipital bone (cranium) 

P2LH Height of mandibular corpus at the mesial border of p2 (mandible) 

PLLMAX Length of premolar row, p1 included (mandible) 

PLLMIN Length of premolar row, p1 excluded (mandible) 

PLWMAX Max palatal breadth (cranium) 

PPW Max breadth at the base of paraoccipital processes (cranium) 

PRL Parietal length: Akrokranion – Bregma (cranium) 

PRWMIN Min breadth of the parietal: min breadth between temporal lines (cranium) 

PTW Proximal mediolateral diameter (astragalus) 

PUL Length of premolar row (cranium) 
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SFW Min breadth between supraorbital foramina (cranium) 

T 
Anteroposterior diameter from the anterior border of the trochlea to the posterior border of the facet for 

calcaneum (astragalus) 

TDMIN Minimum anteroposterior diameter of the shaft (tibia) 

TLLMAX Length of tooth row, p1 included (mandible) 

TLLMIN Length of tooth row, p1 excluded (mandible) 

UNL Upper neurocranium length: Akrokranion – Supraorbitale (cranium) 

WDMIN Minimum mediolateral diameter of the shaft (tibia) 

ZW Zygomatic breadth (cranium) 

 

Table 1. Abbreviations and descriptions of the measurements taken on Sus remains (chapter S1) and shown in Fig. 8. 

2.4.2. Bovidae methodology 

The anatomical terminology used in chapter 4 and 5 follows Heintz (1970), Sala (1986), Masini (1989), 

Kostopoulos et al. (2018) with minor changes. Linear measurements follow Masini (1989) with minor changes and are 

explained in Table 2 and shown in Fig. 9. Measurements taken in chapter 5 are slightly different from the ones 

presented here and taken in chapter 4 (see also chapter S2). 

Chapter 4 includes the analysis of horn-cores compression which was defined by means of bivariate plot, 

comparing the anteroposterior and dorsoventral diameters of the bases. To assess the shape and size of the 

intertemporal bridge and frontal bones their length and width were plotted in bivariate diagrams (chapter 4). The 

Log10 diagram of teeth (Simpson, 1941) of chapter 4 was based on the average values of eight selected variables of 

Leptobos and Bison samples from Eurasia, using the record of B. (B.) priscus from Krasny Yar, ReW as a standard of 

comparison (data taken from Vasiliev, 2008). Chapter 5 features Z-scores analysis of selected dental measurements for 

the comparison of the bovid records. In addition to that, boxplots of the ratio (%) between tooth width and length and 

bivariate plots of length vs width were employed to determine the size and proportions of molars within Bison s.l. (see 

chapter S3). To assess the stoutness of limb bones, bivariate plots featuring the length vs the ratio between distal 

epiphyseal width and length (%) were performed on metapodials and astragali (chapter 4 and 5). The same plots, 

featuring length vs the ratio between proximal epiphysis width and length (%) were computed for the radii (chapter 4 

and 5). To estimate the differences between Leptobos and Bison s.l. species with a multivariate approach, several 

Principal Component Analyses (PCAs) were performed and figured by bivariate diagrams. These tests were performed 

on both metapodials in chapter 4 and 5 and on cranial remains in chapter 4. These analyses rely on selected Mosimann 

Log- Shape variables (seven for the metapodials and six for the crania), obtained by log-transforming the ratio 

between each measurement and the geometric mean of the measurements for each specimen (Jungers et al., 1995). 
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Fig. 8. Measurements taken for the Sus samples in chapter S1 and schematic representation of the two canine morphologies (transversal section): 

a, Cranium in lateral (a1), dorsal (a2), posterior (a3), and ventral (a4) views; b, Mandible; c, Teeth: molar (c1), canine (c2), section of scrofic 

(c3) and verrucosic (c4) canines; d1, astragalus in anterior (d1) and lateral (d2); e, scapula; f, Tibia in anterior (f1) and lateral (f2) views. 

Elements drawn not in scale. Abbreviations are explained in Table 1. 
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Chapter 5 includes a second set of eight variables for the metapodials, calculated following Scott and Barr 

(2014), i.e., adjusting each measurement as the log transformed ratio between the measurement and Scott’s (2004) 

metapodial global size variable (MGSV, see chapter 5 for the formula). In order to enhance the statistical reliability of 

the results, a MANOVA test was computed on seven raw variables of the metapodials, setting the significance level at 

0.05 (chapter 5). Log10 ratio diagrams were developed for the metacarpal sample of chapter 5, basing on the average 

values of seven selected variables of Bison records from Eurasia. The extant B. (B.) bonasus was used as a standard of 

comparison (data taken from Reshetov and Sukhanov, 1979).  In chapter 4, the relative proportion of the limb bones 

elements was assessed by means of histograms presenting the average length of metatarsals and radii relatively to the 

metacarpals (%). Chapter 5 includes a series of tests for the quantitative distinction of leptobovine and bisontine 

groups (i.e., Leptobos, Bison s.l.) from taurine bovids (i.e., Bos), which are the following. The Stampfli’s trochlea 

index (Stampfli, 1963), was performed on the distal humeri ends, computed as the ratio (%) between the distal 

trochlea width and the lateral epitrochlear width (chapter 5). For assessing the lateral tapering of distal humerus, the 

Lehmann trochlear index (Martin, 1987) was computed as the ratio (%) between the lateral and medial trochlear 

heights (chapter 5). Bison and Leptobos metapodials can be easily distinguished from the ones of Bos on the basis of 

the contact between the diaphysis and distal epiphysis. In order to define this feature, chapter 5 includes the ratio (%) 

between the distal epiphysis width and the distal diaphysis width. Chapter 5 features also the ratio (%) between the 

two facets of the proximal epiphysis, to recognize evolutionary trends among Leptobos and Bison in the relative size 

of the two articulations. The sexual dimorphism of large bovids is among the strongest for mammals. In order to 

quantify dimorphic features of metacarpals, the equation given by Schertz (1936) was applied on the putative males 

and females recognized (for the equation see chapter 5). The Body mass estimations of chapter 4 were obtained as the 

average of three estimations based on metapodials linear measurements following Scott (1983). Only complete 

specimens were considered in this analysis. 

The Vallparadís composite section bovid remains were unearthed from layers which encompass about 0.5-0.6 

Ma. Therefore, several tests were performed in order to verify the taxonomic homogeneity of the sample. For statistics 

reasons only the two main chronologies of the section were taken in account. To identify sources of significant 

biometric differences within the selected samples, univariate ANOVA test on eight variables for metacarpals and 

metatarsals were computed (see chapter 5). For the sake of consistency, a multivariate test (MANOVA) based on five 

variables was performed on the complete specimens. Finally, the teeth variability was assessed by means of an 

ANOVA test based on the ratio between width and length (%) of M2 and M3. For all the above-mentioned tests the 

significance level was set at 0.05. 
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ABREVIATION DESCRIPTION OF THE MEASUREMENT 

AAW  Anterior articular facet width (atlas)  

ABETL  Abaxial hemicondyle thickness (metapodials)  

ABETM  Abaxial hemicondyle thickness (metapodials)  

AETM  Axial hemicondyle thickness (metapodials)  

AL  Articular surface length  

APW  Width of anterior processes (basioccipital)  

AT  Articular surface thickness  

BAW  Distance between bregma and akrocranion (temporo-parietal)  

BLB  Body length (calcaneum)  

BLMIN  Minimum length (calcaneum)  

CBHMIN  Body minimum height (calcaneum)  

CBWMIN  Body minimum width (calcaneum)  

CFT  Capitis femoris thickness (femur)  

CFW  Capitis femoris width (femur)  

CSL  Collum scapulae length (scapulae)  

CW  Condylar width (occipital)  

DDT  Distal diaphysis thickness (metapodials)  

DDW  Distal diaphysis width (metapodials)  

DEAT  Distal end articular thickness (limb bones)  

DEAW  Distal end articular width (limb bones)  

DET  Distal end thickness (limb bones)  

DETL  Distal end thickness of the lateral trochlear crest (metapodials and femur)  

DETM  Distal end thickness of the medial trochlear crest (metapodials and femur)  

DEW  Distal end width (limb bones) 

DT  Diaphysis thickness at midshaft (limb bones)  

DTMIN  Diaphysis minimum thickness (limb bones)  

DTW  Distal trochlear width (astragalus)  

DW  Diaphysis width at midshaft (limb bones)  

DWMIN  Diaphysis minimum width (limb bones)  

FFLMIN  Distance from supraorbital foramen to akrocranion (frontals)  

FFW  Maximum distance between the supraorbital foramina (frontals)  

FLMAX  Length from Nasion to akrocranion (frontals)  

FLMIN  Frontal length from Nasion to Bregma (frontals)  

FMH  Foramen magnum height (occipital)  

FMW  Foramen magnum width (occipital)  

FWMIN  Width of the postorbital constriction (frontals)  



Chapter 2 | Aims and Structure, Materials and Methods 

 
60 

GL  Glenoid cavity length (scapula)  

GMAX  Glenoid cavity maximum length (scapula)  

GPL  Glenoid process length (scapulae)  

GTT  Great trochanter thickness (femur)  

GW  Glenoid cavity width (femur)  

H  Height  

HAP  Anteroposterior diameter at the base (horn)  

HBWMAX  Distance between the anterior margins of the bases (horn)  

HBWMIN  Distance between the posterior margins of the bases (horn)  

HDV  Dorsoventral diameter at the base (horn)  

HLMAX  Chord length following the maximum curve (horn)  

HLMIN  Distance from the base to the tip (horn)  

HMAX  Maximum height (calcaneum)  

HOD  Distance between the horncore anterior margin and the orbit (frontals)  

HS°  Angle between the mid-line of the horncore and the sagittal of the skull (cranium)  

IBH  Intertemporal bridge height (occipital)  

IBW  Intertemporal bridge width (occipital)  

L  Left  

LL  Lateral length (astragalus)  

LM  Medial length (astragalus)  

LMAX  Maximum length  

LMIN  Minimum length (astragalus)  

M1H  Height of the corpus at the first molar (mandible)  

M3H  Height of the corpus at the third molar (mandible)  

MFL  Malleolar facet length (tibia)  

MFW  Malleolar facet width (tibia)  

MRL  Molar row length (mandible)  

MW  Mastoid width (occipital)  

NCFL  Cubo-navicular articular facet length (calcaneum)  

OSHMAX  Occipital squama maximum height (occipital)  

OSHMIN  Occipital squama minimum height (occipital)  

OW  Olecranon fossa width (humerus)  

P2H  Height of the corpus at the second premolar (mandible)  

PAW  Posterior articular facet width (atlas)  

PEAT  Proximal end articular thickness (limb bones)  

PEAW  Proximal end articular width (limb bones)  

PET  Proximal end thickness (limb bones)  
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PEW  Proximal end width (limb bones)  

PFOL  Proximo-lateral facet oblique diameter (metatarsal)  

PFOM  Próximo-medial facet oblique diameter (metatarsal)  

PFWL  Proximo-lateral articular facet width (metacarpal)  

PFWM  Proximo-medial facet width (metacarpal)  

PPW  Width of posterior processes (basioccipital)  

PRL  Premolar row length (mandible)  

PTW  Proximal trochlear width (astragalus)  

PW  Postcornual width (temporo-occipital)  

R  Right  

RAW  Width of the rotula articulation  

SOL  Oblique length of the sole (distal phalanx)  

STH  Sustentaculum tali height (calcaneum)  

STT  Sustentaculum tali thickness (calcaneum)  

T  Thickness  

TCAH  Tuber calcanei height (calcaneum)  

TCRH  Trochlea crest height (humerus)  

TCW  Tuber calcanei width (calcaneum)  

THL  Lateral trochlear height (humerus)  

THM  Medial trochlear height (humerus)  

TL  Lateral thickness (astragalus)  

TM  Medial thickness (astragalus)  

TRL  Length of the teeth row (mandible)  

TTL  Trochlea thickness of the lateral epicondyle (humerus)  

TTM  Trochlea thickness of the medial epicondyle (humerus)  

TTW  Intertrochlear width (astragalus)  

TWL  Trochlear lateral articulation width (humerus)  

TWM  Trochlear medial articulation width (humerus)  

WMAX  Maximum width  

WMIN  Minimum width  

 

Table 2. Abbreviations and descriptions of the measurements taken on Leptobos and Bison remains (chapters 4 and 5) and shown in Fig. 9. 
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Next page. Fig. 9. Measurements taken for the Bison samples in chapters 5 and 6: a, Cranium in ventral (a1), dorsal (a2) and posterior (a3) 

views; b, Tooth; c, Mandible; d, Atlas in anterior (d1) and ventral (d2) views; e, Scapula in lateral (e1) and distal (e2) views; f, Humerus in 

posterior (f1), anterior (f2), lateral (f3) and medial (f4) views; g, Radius in proximal (g1), distal (g2), anterior (g3) and lateral (g4); h, 

Metapodials in anterior (h1), lateral (h2), proximal metacarpal (h3), proximal metatarsal (h4) and distal (h5) views; i, Pyramidal in lateral (i1) 

and posterior (i2) views; j, Scaphoid in lateral (j1) and proximal (j2) views; k, Unciform in proximal (k1) and lateral (k2) views; l, Magnum in 

proximal (l1) and lateral (l2) views; m , Semilunar in proximal (m1) and lateral (m2) views; n, Pelvis; o; Femur in posterior (o1), medial (o2), 

lateral (o3) and anterior (o4) views; p, Tibia in anterior (p1), medial (p2), proximal (p3) and distal (p4); q, Astragalus in anterior (q1), lateral (q2) 

and medial (q3) views; r, Calcaneum in anterior (r1), posterior (r2) and medial (r3) views; s, Cuneiform in proximal (s1) and lateral (s2) views; t, 

Malleolus in medial (t1) and proximal (t2) views; u, Cubonavicular in distal (u1) and anterior (u2) views; v, Phalanges in proximal (v1), distal 

(v2), anterior proximal phalanx (v3), anterior distal phalanx (v4). Elements drawn not in scale. Abbreviations are explained in Table 2. 
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The persistence of Sus strozzii in Europe during the Epivillafranchian: evidence from 

the Vallparadís Section (NE Iberian Peninsula) and other coeval sites 

After their radiation in the Miocene, Suidae of Europe experienced in the Plio-Pleistocene a major loss in 

diversity with the extinction of all the tribes except for Suina (Frantz et al., 2016). This last group was able to exploit 

the ecological niches left empty by the extinction of other suid competitors during the earliest Pliocene and, 

ultimately, conquered all the continent by the end of the Pleistocene. This prosperity, in Europe, was achieved by the 

single genus Sus with a chronological succession of species characterized by extreme ecological plasticity. It is indeed 

clear that, due to its abundance and wide distribution, Sus strongly marked each phase crossed by the everchanging 

mammal assemblages of the European Plio-Pleistocene, as some clades of Suinae and Tetraconodontinae did in Africa 

(White and Harris, 1977). Suines are, therefore, of high value for the biochronological studies of large mammal 

assemblages in Europe. 

The first species of Sus, S. arvernensis, already appeared during the earliest stages of the Pliocene, marking 

the beginning of the Ruscinian ELMA (Agustí et al., 2001). This small suid, widespread in most of the European 

continent, is considered the ancestor of the larger verrucosic boar S. strozzii (Azzaroli, 1954; Berdondini, 1992; 

Iannucci et al., 2022). The latter replaced its putative ancestor at the onset of the middle Villafranchian and thrived in 

Europe for all the Early Pleistocene with a major loss in its distribution in the timespan comprised between 1.8 and 1.2 

Ma (see chapter 6 for more detailed discussion). Until recent years, most of the remains of Sus younger than 1.2 Ma 

were attributed to the extant boar Sus scrofa (e.g., Guérin and Faure, 1997; Van der Made, 1999; Van der Made et al., 

2017), thus the onset of Epivillafranchian was thought to be marked by the extinction of the late Villafranchian form 

S. strozzii and the arrival of S. scrofa (Kahlke et al., 2011; Bellucci et al., 2015; Martínez-Navarro et al., 2015). 

The rich collection of suid from the sites of Cal Guardiola and Vallparadís Estació studied and described in 

chapter S1, evidences the presence of S. strozzii in Eastern Iberian Peninsula during the Epivillafranchian period. The 

Suidae material was analysed following the methodology presented in chapter 2 and the results were published as a 

peer-reviewed paper in the scientific journal Quaternary Science Reviews (for a detailed description of the fossil 

material see chapter S1). The cranial morphology of the Iberian suid, especially the verrucosic morphology of the 

canine (Fig. 8) allow the attribution of the sample to this late Villafranchian species of pig. The unexpected 

persistence of S. strozzii at 1.0 Ma, already suggested by the works of Moullé (1992) and Bona and Sala (2016), 

triggered the reappraisal of all suid records from the Epivillafranchian of Europe. 
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The analyses performed on this wide collection of Sus evidenced that several records of this genus, in some 

cases attributed to S. scrofa, are referrable to the verrucosic boar S. strozzii. These records include: Le Vallonnet 

(France), Untermassfeld (Germany, S. scrofa priscus in Guérin and Faure, 1997), Slivia (Italy, S. scrofa in Bon et al., 

1992), Frantoio (Italy), Kozarnika (Bulgaria), Tsimbal (Russia, S. tamanensis in Vereshchagin, 1957). In addition to 

these, other few Suidae remains are reported from several European localities of Epivillafranchian which, according to 

the inferred age of the deposits, could be referred to S. strozzii (e.g., Sima del Elefante TE9 and Gran Dolina TD3-5-8, 

Spain; Castagnone and Pagliare di Sassa, Italy). Nonetheless, the poor preservation and scanty nature of these record 

advice a cautious approach to this matter, and the Sus sp. attribution is preferred. On the other hand, this study 

revealed that, in those localities younger than 0.8 Ma, S. strozzii is always replaced by S. scrofa, including: West 

Runton and Pakefield (United Kingdom), Mosbach 2 and Süssenborn (Germany), Gombaszög (Slovakia) among 

others (see chapter S1). For a detailed description and pictures of the studied samples see chapter S1.  

The persistence of Sus strozzii during the whole Epivillafranchian, evidenced in this thesis and supported by 

further study (Iannucci, 2022), can be considered a major bioevent of the Early Pleistocene (Fig. 10). Until the present, 

the arrival of S. scrofa was erroneously considered one of the markers of the Epivillafranchian (Bellucci et al., 2015; 

Martínez-Navarro et al., 2015 among others). The analysis performed in this work provided a new insight on the 

faunal associations of Pleistocene disproving an early occurrence of S. scrofa at ca. 1.0 Ma. The first, reliable 

estimation for the arrival of this taxon in Europe is thus not older than 0.8 Ma. Therefore, the dispersal of this species 

should be considered an indicator of the Galerian onset. On the other hand, the survival of S. strozzii in European 

faunal associations of Epivillafranchian became one of the major markers of this biochron, which is added to the 

persistence of other Villafranchian taxa like Homotherium crenatidens, Canis (Xenocyon) lycaonoides, Pachycrocuta 

brevirostris, Equus altidens and Mammuthus meridionalis among others. 
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6.1. The ‘suid gap’ debate and the persistence of S. strozzii in the Epivillafranchian 

Sus strozzii is a continuous presence in the middle and late Villafranchian faunal assemblages of the Western 

Palearctic, appearing in all the major paleontological localities dated between 2.5 and 1.8 Ma (Cherin et al., 2018; 

chapters 3, S1) (Fig. 10). After 1.8 Ma, a strong reduction, if not complete absence, of suids is evident in the fossil 

records of Europe. This ‘suid gap’ could be already noticed in the taxon range charts of Van der Made and Moyà Solà 

(1989) and Van der Made (1990, 1997) but remained relatively unrecognized until Martínez-Navarro et al. (2015) 

defined this bias in the fossil record and ignited the debate between supporters and opposers of this gap theory. Van 

der Made et al. (2017), in particular, strongly disagree with Martínez-Navarro and colleagues, stating that there are 

localities which: “cover the whole range from the well-known records of Sus strozzii from the Upper Valdarno 

(Olduvai subchron) till Untermassfeld and Vallonnet (Jaramillo subchron)” (Van der Made et al., 2017: 307). The first 

authors provided a list of sites, dated between 1.8 and 1.2 (MN18-19), that yielded suid remains, de facto invalidating 

the ‘suid gap’ of Martínez-Navarro et al. (2015). In order to clarify this matter, firstly we have to define the gap itself. 

As Martínez-Navarro et al. (2015: 132) suggested, the gap could be considered as: “The consistent absence of suids 

from any of the rich large mammal assemblages unearthed from the Late Villafranchian sites of Europe with 

chronologies between 1.8 and 1.2 Ma”. This statement limits the lack of suid fossil record exclusively to the rich, 

large, and well-known localities of the considered timespan. Nonetheless the authors provided, in the abstract of the 

same work, another interpretation which describes the gap as: “no pig record in the biochronological range comprised 

between the post Tasso Faunal Unit, which marks the base of the Late Villafranchian (1.8 Ma), and their arrival in 

Western Europe at layer TE9 from Sima del Elefante, Atapuerca, Northern Spain (1.2 Ma)” Martínez-Navarro et al., 

2015: 131). In this trenchant definition the authors included all the sites of the latest Villafranchian, providing a 

stronger statement that exclude whatsoever presence of this group in Europe between 1.8 and 1.2 Ma. In my opinion, 

the first interpretation is preferrable to the second due to its broader and less strict definition. Keeping this in mind and 

considering also the fact that the absence of a taxon in a fossil record is not the evidence of its absence from the 

original faunal assemblage, we can approach the ‘suid gap’ debate. 

Van der Made et al. (2017) affirmed that there is a constant presence of suids in Europe from the Pliocene to 

the Holocene, without a major bias in the fossil record, and inferred that the scantier remains of the gap might be 

interpreted as a mere lack of documentation. As suggested in chapter S1, this explanation appears to be too simplistic 

and unsatisfactory. The authors provided a list of latest Villafranchian localities in which putative remains of suids 

were unearthed including: Selvella, Mugello and Pirro Nord from the Italian Peninsula, Ceyssaguet and Peyrolles from 
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France, and Atapuerca TE9 from the Iberian Peninsula, to which few other reports are added (Martínez-Navarro, 

2015; Iannucci et al., 2020a; chapter S1). I believe that these records, when compared with other major assemblages 

from Europe of similar age, confirm, in fact, the ‘suid gap’ theory (Fig. 10).  

The attribution of the fossil from of Pirro Nord, referred to Sus sp. by De Giuli et al., (1986), is quite doubtful. 

Freudenthal (1971) provided a list of the taxa recorded from the site, citing but not describing the suid remains. The 

presence of Sus in the Pirro Nord assemblage was kept in the work of De Giuli et al (1986) but, neither this time, the 

authors presented whatsoever identification of the anatomical elements attributed to this animal. To complicate the 

matter, the collection of Pirro is scattered between several institutions in the Italian territory and the exact location of 

the discussed fossil is not available. At the present state, the identity, and the whereabouts, of these putative remains 

are unknown. Few teeth of Sus strozzii from Mugello basin were cited by Azzaroli (1954). These fossils came from 

the locality Pulicciano altogether with remains of Mammuthus meridionalis. The Mugello basin sites are commonly 

referred to the late Villafranchian, however, on the whole, they possibly span from middle Villafranchian to Galerian 

(Abbazzi et al., 1995). The presence of M. meridionalis and S. strozzii alone in Pulicciano does not help in defining 

the depositional age of the locality which, therefore, could be previous or subsequent to the ‘suid gap’. Ellera 

historical collection, recently reappraised in the work of Pazzaglia et al. (2013), includes an isolated suid molar 

referred to Sus cf. S. strozzii. The estimated age of the locality (Tasso-Farneta FUs, ca. 1.8-1.6 Ma), however is 

debatable (Martínez-Navarro et al., 2015). The Selvella Sus sp. specimen was briefly described by De Giuli (1986: 13) 

who wrote: “a diaphysis of a humerus can be assigned to this genus because of its strong curvature”. This sample, 

although very scanty, is the only described pig remain from the Italian peninsula which it is reliably dated to the ‘suid 

gap’. 

Among the French localities with putative fossil suids, the most interesting is the volcanic lake site of 

Ceyssaguet. These dentognathic remains were never described but are often cited in literature (Tsoukala and Guérin, 

2016; Van der Made et al., 2017) and used as comparative sample by Guérin and Faure (1997) and Vaquero et al. 

(2018) who assigned them to S. scrofa and S. strozzii respectively. In the absence of any other data, I believe that, due 

to the presence of various Villafranchian taxa in Ceyssaguet (Argant and Bonifay, 2010), the attribution to S. strozzii 

seems to be more parsimonious. It is however remarkable that, among the studies focusing on the fauna of Ceyssaguet, 

there is not a single mention of suids remains (e.g., Croitor and Bonifay, 2001; Argant and Bonifay, 2010; 

Mourer‑Chauviré and Bonifay, 2018 and references therein). In addition to that, the correlation between the absolute 

dating of the site and the biochronological information given by the fauna is strongly contradicting. The basalt on 

which the fossiliferous layers deposited were dated by K/Ar in 1985 by the University of Clermont-Ferrand but the 
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results were never published. Moreover, the scholars provided different age estimations (e.g., 1.3 Ma in Kaiser and 

Croitor, 2004 and 1.4 Ma in Mourer‑Chauviré and Bonifay, 2018). Finally, the long faunal list is particularly 

heterogeneous with the presence of several taxa which range spans from the middle Villafranchian (e.g., Eucladoceros 

ctenoides and Pseudodama rhenana) to the Galerian (Lynx lynx and Palaeoloxodon antiquus) (Argant and Bonifay, 

2010; Tsoukala and Bonifay, 2004; Mourer‑Chauviré and Bonifay, 2018). The putative co-existence of these taxa in 

Ceyssaguet would surely advocates the presence of more than one depositional event, possibility that is still not faced 

by any of the paper mentioning the locality. In the absence of a well-defined suid material and considering the evident 

issue with the chronology of the site, this record cannot be considered reliable until further studies are performed. The 

Peyrolles suid sample was cited by Van der Made al. (2017) as hosted in the NHM but the authors did not provide 

further data on that. No other mention of suids from this French assemblage are available, which according to the 

latest review includes Eucladoceros sp, Pseudodama (=Metacervoceros) perolensis, Stephanorhinus etruscus and 

Leptobos sp. (Valli et al., 2006). The Peyrolles site was biochronologically dated to MNQ19, around 1.5-1.4 Ma, by 

Valli et al. (2006) and to MIS 32-30 by Brugal et al. (2020). In spite of that, the presence of two middle Villafranchian 

cervids suggests an older age for Peyrolles than the one conjectured by previous studies which should be reappraised. 

The older levels of the Atapuerca cave complex (Iberian Peninsula) yield few suid remains briefly discussed 

in chapter S1. Without furtherly stress the taxonomic attribution debate, it interesting to linger on the age of these 

remains which spans from ca. 1.3-1.1 Ma (Sima del Elefante TE9) to ca. 0.8 Ma (Gran Dolina TD8) including the 

fossils of Gran Dolina TD3-TD4+TD5? dated to ca. 1.0 Ma (Van der Made, 1999; Rodríguez et al., 2011; Van der 

Made et al., 2017). Of these sample the only that could fit with the ‘suid gap’ is the one from TE9 which, in its older 

estimation, includes the latest stages of the bias. No other Suidae remains are reported from the Iberian Peninsula 

before the Epivillafranchian transition (chapter S1).  

The Greek area has always been a reservoir for suid remains during the Plio-Pleistocene (Kostopoulos and 

Sylvestrou, 2022 and references therein) and could be the only European region in which a reliable presence of this 

group during the ‘suid gap’ is confirmed. Kostopoulos et al. (2022) referred to S. cf. strozzii few dentognathic remains 

from two of the three sites of Krimni, biochronologically dated to ca. 1.5 Ma. Despite the scantiness of the sample, the 

presence of suids in a Greek locality, just in the middle of the ‘suid gap’, challenges its validity. The authors believe 

that the Sus from Krimni testify the presence of a refugia for this group in Southern Balkans during a period of 

demographic decrease in Europe. The absence of pigs from the chronologically nearby faunas of Tsiotra Vryssi and 

Apollonia 1 could be mere accidental or/and related to environmental reasons (Kostopoulos et al., 2022). East 

European sample of S. strozzii, possibly dated to the ‘suid gap’ comes from the site of Dunaalmás in Hungary, 
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recently described by Iannucci et al. (2020b). Nonetheless, the estimated age of the locality spans from 2.0 to 1.5 Ma, 

hence possibly precedent to the gap. The Tegelen historical collection includes some remains undisputedly referrable 

to S. strozzii (Richarz 1921; Schreuder, 1946). Although the age of the site is not well-constrained and still debated 

(Hoek van den and de Vos, 2006; Westerhoff et al., 2020), most of the authors assign the main fauna to the middle to 

late Villafranchian boundary (ca. 2.1-1.8 ma), thus preceding the gap (Spaan, 1992; Van den Hoek and de Vos, 2006; 

Villa et al., 2018 and references therein). Up to date, the only site of Western Palearctic dated to the ‘suid gap’ period 

and from which considerable pigs remains were recovered is the site of ‘Ubeidiya (Palestine; Geraads et al., 1986). 

Although these aforementioned samples could be considered proofs against the ‘suid gap’ theory, if correlated 

with the richest European sites of this period, and with older and younger localities, the results are quite the opposite. 

The chronological range covered by the ‘suid gap’ (1.8–1.2 Ma) includes several sites that, for number and quality of 

the remains and for biochronological meaning, are among of the most studied of the whole Pleistocene. In these 

localities is constantly registered the absence of suids, which, on the other hand, are always present in the major fossil 

associations coming from pre and post ‘suid gap’ periods. This, allied with the extremely opportunistic behaviour and 

high reproductive rates of suids (Martínez-Navarro et al., 2015) suggest that this bias is hardly justifiable with 

preservation issues (i.e., taphonomic destruction of the remains). The sites of Venta Micena 3-4, Barranco Léon 5, 

Fuente Nueva 3, in the Guadix-Baza basin stand out as the richest and most important sites of the Iberian Peninsula 

dated between 1.8 and 1.2 Ma (Martínez-Navarro et al., 1997; Toro-Moyano et al., 2013; Sánchez-Bandera et al., 

2020; Luzón et al., 2021; Saarinen et al., 2021 among others). The heated debate about putative human presence in 

these sites which might represent the first Homo dispersal in Western Europe, strongly focused the efforts of 

palaeontologists on new findings and studies in this area. For this reason, since the 80’, dozens of systematic 

excavations were carried out (Saarinen et al., 2021 and references therein). These decades of fieldworks unearthed 

thousands of fossils which provided a deep knowledge on the Iberian faunal assemblages of the latest Villafranchian. 

It is indeed quite impressive that no pig remains were recognized among the 27,000 large mammal fossils recollected 

from the Orce complex (Martínez-Navarro et al., 2015). On the other hand, the Iberian Peninsula provided some 

important samples of suids coming from the periods before and after the ‘suid gap’, including the site of Fonelas P-1 

(ca. 2.0), Cal Guardiola (ca. 1.2–0.8 Ma) and Vallparadís Estació (ca. 1.0–0.6 Ma) (Arribas and Garrido, 2008; 

Madurell-Malapeira et al., 2014; chapters 3, S1). The Italian peninsula, as for the Iberian one, is characterized by a 

hiatus of suid sample. In particular, the rich faunal assemblage of Pietrafitta (Central Italy) consists of 10 different 

species of large mammals (for a total of ca. 40 vertebrate taxa) with more than 5,000 remains including isolated bones 

and partially articulated skeletons (Sorbelli et al., 2021 and references therein). The multiple studies carried out on the 
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mammal sample of this late Villafranchian site evidenced the total absence of suid remains (Azzaroli and Mazza, 

1993; Mazza et al., 1993; Gentili et al., 1996; Zucchetta et al., 2003; Sorbelli et al., 2021 among others). The 

palaeoenvironmental reconstruction of Pietrafitta suggest the presence of a humid and forested landscape on the edge 

of a lake during a relatively warm period (see chapter 4 and references therein). This habitat would have been suitable 

for humid-specialized suids such as S. strozzii (Azzaroli, 1954; Faure and Guérin 1984). The absence of this clade in 

Pietrafitta is, therefore, a remarkable anomaly. In addition to the Umbrian locality, other large and well-known 

collections from the 1.8–1.2 timespan do not have traces of this group, including: Farneta, Monte Peglia, Monte 

Argentario, Capena, Ellera “Ex-Quasar” (Petronio 1979; Rook and Martínez-Navarro, 2010; Cherin et al., 2012; Siori 

et al., 2014; Petronio et al., 2020). Although debatably (see above), Pirro Nord and Selvella are the only major 

localities of the Italian Peninsula in which suid remains were found. On the other hand, the pre and post ‘suid gap’ 

periods are rich of well-preserved Sus fossils including the samples of: Upper Valdarno (ca. 2.0 Ma), Olivola (ca. 2.0 

Ma), Pantalla (ca. 2.0 Ma), Frantoio (ca. 1.0 Ma), Slivia (ca. 0.8 Ma) and some scantier reports from Castagnone, 

Pagliare di Sassa, and Madonna della Strada, all dated to the Epivillafranchian-Galerian (Cherin et al., 2018; chapter 

S1 and references therein). The Mygdonia basin complex (Greece) includes the sites of Kalamoto, Krimni, Tsiotra 

Vryssi and Apollonia which cover all the ‘suid gap’ chronological range (Kostopoulos et al., 2018; Kostopoulos and 

Sylvestrou, 2022). As aforementioned, the only locality of the complex which yielded suid remains is Krimni. This 

record, however, is quite scarce (two isolated molars of which one went destroyed) and wedged between sites which 

did not provide any suid remains in spite of the abundance of fossils collected during the years (Kostopoulos, 1997; 

Tsoukala and Chatzopoulou, 2005; Konidaris et al., 2015). As for the other areas discussed here, the pre ‘suid gap’ 

period in Greece is well documented by the sites of Gerakarou 1 and Vassiloudi (ca. 2.0-1.8 Ma) which provided a 

good amount of Sus strozzii remains (Koufos 1986; Kostopoulos and Athanassiou 2005). Among the most important 

sites of the Balkan area, stands out the long stratigraphic section of Trlica (Montenegro). In spite of the abundant fossil 

record unearthed, no suids were recognized in either of the two faunal assemblages: TRL11–10 (late Villafranchian) 

and TRL6–5 (Epivillafranchian) (Vislobokova and Agadjanyan, 2016). Dmanisi (Georgia) is the most famous and 

studied site of Caucasian Early Pleistocene. The presence of the oldest record of Homo at the borders of Europe 

started up a series of systematic excavations which collected thousands of fossils remains, referrable to the late 

Villafranchian (Bartolini-Lucenti et al., 2022 and references therein). The complete absence of suid traces from the 

rich Dmanisi record is another proof of ‘suid gap’ legitimacy. 

All these evidences provided suggest that most of the European territory seem to been affected by a steep 

decrease in the abundance of suid fossils in the 1.8–1.2 Ma timespan (Fig. 10). This loss it is not easily explainable 
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without advocating a substantial shrinking of the Suidae population during the latest Villafranchian. Central and 

Northern Europe are unfortunately lacking of a sufficient number of fossiliferous localities that could shed light on the 

distribution of suids at the higher latitudes of the continent during the late Villafranchian. The explanations of this 

bioevent are still obscure. Although it is true that the whole Villafranchian is characterized by a shift toward drier and 

colder climates, this process became stronger only at the Epivillafranchian passage with the EMPT (ca. 1.2 Ma) (see 

chapter 1). For this reason, the environmental changes, on its own, seems to be not enough to explain this suid 

demographic loss, which started during the late Villafranchian and finished just by the onset of the climate crisis peak. 

This is furtherly corroborated by the extremely plasticity of suids which allow them to populate a wide array of 

habitats from the savannahs of Africa to the tropical forests of South East Asia, from the temperate woodlands of 

Europe to the tundra of Siberia (Martínez-Navarro et al., 2015 and reference therein). Equally, the competition with 

other large herbivores or the overhunting by carnivores alone, seem to be not sufficient as justification for this strong 

demographic reduction. It is indeed plausible that there is not a single triggering event for this bioevent, rather a 

concurrence of several causes which led to the shrinking in the population of the late Villafranchian suids in Europe. 

Further studies are required in order to define the possible causes for this (in)famous gap. 

Given all these evidences, the ‘suid gap’ of the late Villafranchian could be determined as a timespan, 

comprised between 1.8 and 1.2 Ma, in which the suids, represented exclusively by the species S. strozzii, are not 

common in Europe, missing from all the major localities of the continent with the exception of few, scanty remains in 

peripheral areas of the Mediterranean area (e.g., Greece, Levantine area) or in isolated enclaves which could have 

been acted as a refugia in a period of demographic decline. At the beginning of Epivillafranchian, S. strozzii, or a 

variant of this species (see Iannucci, 2022) was able to recover completely and repopulate most of Europe until its 

final extinction concurrently with the passage to Galerian LMA. 

 

 

Next page. Fig. 10. Selected Early Pleistocene Western Palearctic localities showing the records of Sus strozzii and Sus scrofa and the 

hypothetical refugia for suids during the late Villafranchian ‘suid gap’. The asterisk marks the absence of Sus in the locality. 1, Dmanisi*; 2, 

‘Ubeidiyah; 3, Taurida cave; 4, Tzimbal; 5, Gerakarou 1; 6, Vasiloudi; 7, Krimni 3; 8; Apollonia 1*; 9, Tsiotra Vryssi; 10, Kalamoto 2*; 11, 

Trlica 10-11*; 12, Dunaalmás; 13, Slivia; 14, Frantoio (Arda); 15, Olivola; 16, Mugello; 17, Poggio Rosso; 18, Upper Valdarno; 19; Selvella; 

20, Farneta*; 21, Monte Argentario*; 22, Pietrafitta*; 23, Pantalla; 24, Monte Peglia*; 25, Pirro Nord*?; 26, Untermassfeld; 27, Süssenborn; 28, 

Mauer; 29, Tegelen; 30, West Runton; 31, Pakefield; 32, Le Vallonnet; 33, Saint Vallier; 34, Senèze; 35, Sainzelles*; 36, Ceyssaguet*?; 37, 

Peyrolles*?; 38, Cal Guardiola; 39, Vallparadís Estació; 40, Sima del Elefante TE9c; 41, Gran Dolina TD8; 42, Venta Micena*; 43, Barranco 

Léon 5*; 44, Fuente Nueva 3*; 45, Fonelas P1. 
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6.2. The early bison, Bison (Eobison), their origin and dispersal in Europe 

The arrival of the first forms of Bison in Europe is a pivotal event for the faunal assemblages of the European 

Early Pleistocene. Unfortunately, the tempo and mode of this dispersal has been never clarified, hampered by the 

scanty fossil remains of this group. During the last decades, however, the discovery of new Villafranchian and 

Epivillafranchian localities, which provide abundant records referred to these large bovids, ignites the interest on their 

first steps in the Western Palearctic. The late Villafranchian localities of Dmanisi, Mygdonia basin, Pietrafitta and 

Venta Micena yielded extremely informative samples representing the earliest stages of Bison dispersal in Europe 

(chapter 4) (Fig. 11). 

More than 100 years ago the pioneering works by Lydekker (1878, 1898), and, later of Teilhard de Chardin 

and Piveteau (1930), already recognized the presence of bison-like bovids from the Plio-Pleistocene of Asia. These 

forms, sharing a series of characters which are considered primitives in the evolution of Bison (see chapter 4), were 

grouped in the subgenus Eobison by Flerov (1972). From the second half of 20th century, several species of early bison 

were erected and lumped into Eobison which, unfortunately, became a ‘wastebasket’ taxon, eventually generating a 

distorted definition of the subgenus (chapter 4). Only in the last decades, the aforementioned discoveries shed new 

lights on the European evolutionary history of this group, making thus possible the reappraisal of this obscure and yet 

important clade. The works of Masini (1989); Sher (1997), Bukhsianidze (2005), Croitor (2010), Maniakas and 

Kostopoulos (2017) and Kostopoulos et al. (2018) are the most recent studies which embrace the systematics and 

evolution of late Villafranchian Bison (Eobison). In spite these works, the oversplitting trend affecting this clade 

persisted and, at the current state of the art, Eobison includes between 5 and 6 species, co-occurred in a timespan of 

less than 1.0 Ma. The study provided in chapter 4 of this thesis dissertation tried to detangle the most impelling 

taxonomic issues, disposing of those species defined on the basis of extremely scanty material, and defining the status 

and chrono-spatial range of the whole subgenus. 

The origin of Eobison has been localized in the Asian subcontinent due to the presence of primitive forms this 

group, namely B. (E.) sivalensis and B. (E.) palaeosinensis, in the Early Pleistocene of India-Pakistan and China 

respectively (Tong et al., 2016 and references therein). Although the study performed in this thesis was not focused on 

the Asian Eobison, a reappraise of the group could not be performed without including the very first precursors of the 

whole genus (Flerov, 1979). It is commonly accepted that these forms were the earliest members of Bison s.l., 

however, the scanty and often inaccessible material (i.e., the lost holotype of E. sivalensis) paired with the unclear 

chronology of many of the oldest remains attributed to these taxa, severely complicate the verification of this long-
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lasting hypothesis. In spite of that, at least for E. palaeosinensis, thanks also to a richer record compared with its 

Indian relative, was possible to attest its validity as one of the most primitive and oldest species of Bison and to 

confirm its taxonomic position as type species of the subgenus. On the other hand, the similarities between the yak 

(Poephagus) and the holotype of E. sivalensis pointed out by various authors in the past (i.e., Olsen, 1990; 

Bukhsianidze, 2020) are addressing to other directions for this species. Unfortunately, the unknown whereabouts of 

the holotype and the extremely doubtful attribution of isolated bones to this species, does not help in clarifying its 

systematics. Although some authors suggested the presence E. sivalensis before 2.5 Ma (e.g., Khan et al., 2010; Khan 

et al., 2011), the aforementioned issues prevent to confirms these assumptions (see chapter 4). A badly preserved 

neurocranium from Pakistan, preliminary described and referred by Akhtar (1992) to this species, is still pending of 

revision in order to validate its taxonomic attribution. The oldest attested records of Bison s.l. (i.e., E. palaeosinensis), 

thus, come from the Haiyan formation (Yushe basin) and Nihewan (Nihewan basin), dated between 2.5 and 1.8 Ma 

(Fig. 10), well-fitting with the chronology of the first Western Palearctic Bison findings (Teilhard de Chardin and 

Piveteau, 1930; Teilhard de Chardin and Trassaert, 1938; Tedford et al., 1991; Farjand et al., 2022). 

The long-lasting theory that sees Leptobos and early Bison as part of the same monophyletic group due to 

their shared morphological characters, is a pivotal point for understanding the evolutionary history of both taxa 

(Pilgrim, 1947; Merla, 1949; McDonald, 1981; Sher, 1997 among others). Leptobos represents one of the first large 

bovines dispersing in Eurasia with at least three different lineages which, although having been debated for almost a 

century, are still missing of a solid phylogenetic framework (Pilgrim, 1937; Merla, 1947; Masini, 1989; Duvernois, 

1990; Cherin et al., 2019b; chapter 4 and references therein). With the exception of the studies of Geraads (1992) and 

Bibi (2009) -which, however, focused on much larger groups (i.e., the whole Bovini and Bovinae, respectively)- the 

evolutionary history of Leptobos and its relationships with Bison have never been reconstructed by specific 

phylogenetic analyses. Chapter 4, although not providing any phylogenetic study, contributes to the debate with some 

interesting pieces of evidence including: 

I. The numerous synapomorphies shared by L. stenometopon, L. elatus, and Leptobos merlai (LSEM 

group) strongly suggest that these species might be part of the same monophyletic clade, or might be 

even included into a single species. Their differences in cranial features and metapodial robusticity 

might be related to ecomorphological variation and/or sexual dimorphism. 

II. Leptobos etruscus and L. vallisarni (LEV group) show striking similarities between each other, as 

already evidenced by other authors (e.g., Duvernois, 1990; Geerads, 1992). Despite that, some cranial 

elements (i.e., horns and intertemporal bridge) are still useful to discriminate the two species. 
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III. The purposed similarities between Leptobos and Bison are indeed well-supported by the statistical 

analyses performed in this work. An evident trend toward larger heads with broader frontals, massive 

horns and shorter neurocranium, increased size and robusticity of the appendicular skeleton 

characterize the evolutionary transition from the former to the latter genus. 

IV. The presence of some Plio-Pleistocene large bovids in western Asia with “transitional” characters and 

questionable taxonomy (e.g., Adjiderebos cantabilis, Protobison kushkunensis) supports the 

legitimacy of a Leptobos ancestry of Bison. The reappraisal of these Asian records is required to 

clarify their relationships with these genera. 

V. The earliest records of Bison in Asia and the widespread presence of Leptobos in China and India 

since the Pliocene, coupled with the evidence that continental Asia has been the centre of origin of 

many other mammal clades (‘megacerines’ deer, Pachycrocuta, and Canis (Xenocyon) among others), 

suggest that an Asian origin for both Leptobos and Bison is most likely. 

VI. The compelling differences between the three groups of Leptobos, namely LSEM, LEV, and the 

Asian lineage, and the discrepancies affecting the diagnosis of the genus, strongly challenge the 

monophyly of the group. This issue is a major topic for understanding the true origin of Bison that 

requires further studies. 

The arrival of Eobison at the gates of Europe is first recorded at ca. 1.77 Ma in Dmanisi (Georgia) with the 

species B. (E.) georgicus. Later on, these primitive bison dispersed in the whole Mediterranean area as testified by the 

late Villafranchian samples from Mygdonia basin, Pietrafitta, Pirro Nord, Sainzelles, and Venta Micena, with at least 

one species, B. (E.) degiulii (Fig. 11). The total absence of this group in Central and NW Europe could be an 

environmental indicator and/or a bias related to the scantiness of late Villafranchian fossiliferous localities in those 

regions (see chapter 1). 

Masini (1989) in his phylogenetic reconstruction of Leptobos-Eobison, rightfully separated LSEM and LEV, 

however, he groups the latter with the Asian lineage. The author, although supporting the Leptobos origin for Bison, 

did not provide any hints on the possible ancestor of Eobison within the two lineages. Masini (1989), Gentili and 

Masini (2005), and Masini et al. (2013) referred the bison sample to Pietrafitta to L. vallisarni and date the arrival of 

Bison s.l. in Europe at the post-Olduvai/pre-Jaramillo interval (Venta Micena and Pirro Nord). The recent work by 

Kostopoulos et al. (2018) and the study performed in this thesis proved that Eobison was present also in Greece at ca. 

1.6 Ma as well as in the Italian Peninsula, in Pietrafitta, slightly later (chapter 4). 
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Sher (1997), although focusing on the first description of the long-legged Epivillafranchian B. menneri (see 

below), gave a rapid excursus on the most primitive forms of bison and their dispersal. According to the author, 

Eobison populated Europe at the same time as the first “true” Bison, geographically relegated in the western and 

eastern parts of the continent, respectively. If it is true that the obscure species B. tamanensis (Eobison for Flerov, 

1979) represents an early member of B. schoetensacki and not a particularly large and stout Eobison (Kostopoulos et 

al., 2018), Sher’s hypothesis would be confirmed. Pending a reappraisal of the B. tamanensis record I tend to agree 

with Sher. In addition to that, the same author evidences the existence of a possible speciation area for bovines in the 

Caucasus. This statement is indeed plausible, given the abundance of unique bovid genera discovered in this region 

(Vekua, 1972; Burchak-Abramovich et al., 1980; Dubrovo and Burchak-Abramovich, 1986 among others). 

Nonetheless, I am very critic with the oversplitting trend shown by many authors who worked on Caucasus bovids in 

the last century, which might have inflated this presumed high diversity (chapters 1 and 4). 

Bukhsianidze (2005), for the first time, attributed the species Dmanisibos georgicus to the subgenus Eobison. 

The author also proposes that Eobison might have originated from a stock including the LSEM group and other 

leptobovine bovids of Caucasus (i.e., P. kushkunensis) and India (i.e., P. dehmi). The author considered that these 

latter middle Villafranchian leptobovines (including also L. elatus) already show bisontine characters and can be 

included in Bison as the earliest members of the genus. Therefore, the origin of Bison would have occurred in Europe, 

most probably branching from L. stenometopon. Later, Bison would have reached the Caucasus and Eastern Asia and, 

from there, dispersed in all Eurasia (Bukhsianidze, 2005). Although some of these inferences are worth of further 

investigations, this hypothesis seems to be, overall, groundless due to the evident cranial differences between LSEM 

and Bison s.l. (chapter 4). In spite of that, the author rightfully remarks the importance of some “forgotten” taxa 

coming from the Plio-Pleistocene of Caucasus which might represent crucial steps in the evolutionary history of 

Leptobos and Bison. In addition to that, Bukhsianidze (2005) suggests that B. (E.) degiulii, on the basis of the 

characters shown by the cranium from Pirro Nord, already belongs to the group of “true” bison. However, as already 

demonstrated by Masini et al. (2013) and in chapter 4 of this thesis, B. (E.) degiulii features some plesiomorphies (i.e., 

constriction of the upper occipital crest, small-sized dentition, orbits not extremely protruding nor tubular, reduced 

frontals) which are much more closely related to primitive bison. Its inclusion into Eobison is furtherly confirmed by 

the large sample from the Mygdonia basin described by Kostopoulos et al. (2018) and partially reappraised in chapter 

4. Although showing a stouter built, the limbs of Mygdonia sample are different from those of the larger and more 

derived Epivillafranchian Bison from Le Vallonnet and Cal Guardiola (Fig. 12) (Moullé, 1992; chapter 5). 

Nonetheless, the Pirro Nord and Apollonia E. degiulii samples are characterized by slightly more derived traits 
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compared with those featured in the Pietrafitta, Venta Micena, and Dmanisi samples (Fig. 12). These peculiar aspects 

might be related either to sexual dimorphism and ontogeny (the Pirro cranium belongs to an old male individual), 

chronology (Pirro Nord and Apollonia are dated to the final stages of the late Villafranchian and represent the last 

occurrences of the subgenus), or ecomorphological variation (Pirro Nord and Apollonia hosted relatively dry and open 

habitats) (chapter 4 and references therein). 

Croitor (2010) suggested that the earliest Bison s.l. entering Europe can be divided in two groups, the ‘boreal’ 

and the ‘southern’ lineages. The first includes the large and long-legged B. (E.) palaeosinensis, B. menneri, and Bison 

sp. from Tiraspol, whereas the second is composed by smaller and shorter-legged species such as B. (E.) sivalensis, B. 

(E.) georgicus, B. (E.) tamanensis, and B. (E.) degiulii. The author implies also that the latter species was endemic of 

the Italian Peninsula and, thus, potentially subjected to parallel/insular evolution. According to Croitor, these two 

lineages evolved indipendently, separated by the Alpine-Himalayan Mountain chains acting as natural barriers. 

Slender cursorial forms would have spread in the boreal open environments and stouter bison in the forested temperate 

habitats in southern regions. These hypotheses, however, are disputed by multiple evidence including: the presence of 

relatively long-legged Bison from the Mediterranean area (e.g., Le Vallonnet, Cal Guardiola), the discovery of B. (E.) 

degiulii outside Italy (i.e., in Mygdonia basin), the abundant forested habitats of Central Europe (e.g., Untermassfeld), 

the common misconception that long-legged Bison are associated to open environments (see chapters 4 and 5). It is 

indeed plausible that Early Pleistocene Bison, as it has been for their younger relatives (i.e., B. priscus subspecies), 

were capable to move across Europe, adapting to the glacial pulses which already started to characterize the Northern 

Hemisphere during the late Villafranchian (see chapter 1). Kostopoulos et al. (2018) agreed with Bukhsianidze (2005) 

in evidencing that E. degiulii is too “advanced” for being placed in Eobison. Nonetheless, as stated above, the evident 

differences with the slightly younger samples from Le Vallonnet and Vallparadís composite section (chapter 5), paired 

with the new findings in Pietrafitta (chapter 4), strongly support the inclusion of all these late Villafranchian forms 

into Eobison.  

 The late Villafranchian arrival of Eobison is a major bioevent for the whole European faunal assemblages. 

This primitive bison clade dispersed in a relatively short time span (Fig. 11), given that there is only a 0.2 Ma gap 

between the arrival of Eobison in Eastern Europe (Dmanisi; ca. 1.8 Ma) and in Southwestern Europe (Venta Micena; 

ca. 1.6 Ma). Its co-existence with the latest Leptobos is not reliably tested yet, although some records from SE Europe 

(i.e., Balkans and Greece) might be further investigated on this regard (Kostopoulos et al., 2018 and references 

therein). Given the evidence provided by the fossil record, the most parsimonious hypothesis is an Asian or Ponto-

Caucasian origin of Eobison between the late Pliocene and earliest Pleistocene (Fig. 11). Eobison records are common 
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in all the Mediterranean area, and some doubtful remains come from Eastern Europe (Fig. 11). The subgenus was 

replaced by the earliest “true” Bison ca. 1.2 Ma, that is, at the Villafranchian/Epivillafranchian transition (Fig. 13). 

The last occurrence of Eobison is recorded in Apollonia (ca. 1.2 Ma) where these forms reached their largest sizes and 

stoutest proportions, comparable to those of some B. schoetensacki individuals (chapter 5). 

 

Next page. Fig. 11. Early Pleistocene Northern Hemisphere localities showing the most significant records of Leptobos and Bison s.l. and 

potential dispersal routes from the two possible centres of origin. The asterisk marks the putative co-occurrence of the two genera in the locality. 

The blue shaded area represents the putative geographical distribution of Bison priscus during the Pleistocene (taken from Kahlke, 1999). 1, 

Nihewan Basin, (Xiashagou, Shanshenmiaozui, Cenjiawan); 2, Jiajiashan; 3, Chifeng; 4, Renzidong; 5, Eastern Shanxi (Tunliu: Leptobos; 

Yushe: Eobison); 6, South Shanxi (Wenxi: Leptobos; Linyi, Mianchi, Pinglu: Eobison; Xihoudu*); 7, Xi’An area (Gongwangling: Leptobos; 

Huiduipo, Zhangjiapo: Eobison; Lahochihe*, Yangguo*); 8, Gengjiagou*; 9, Bajazui; 10, Longdan; 11, Gonghe (Lower unit: Leptobos; Upper 

unit*); 12, Upper Siwaliks; 13, Kushkuna; 14, South Georgia (Dmanisi, Akhalkalaki); 15, Taurida Cave*; 16, Tiraspol; 17, Northern Greece 

(Gerakarou, Vasiloudi: Leptobos; Apollonia 1, Kalamoto: Eobison; Krimni 3*, Tsiotra Vryssi*, Kalamoto); 18, Trlica*; 19, Slivia (Italy); 20, 

Salita di Oriolo; 21, Central Italy (Upper Valdarno, Olivola, Farneta: Leptobos; Pietrafitta, Capena: Eobison); 22, Pirro Nord; 23, Central 

Germany (Untermassfeld, Mauer); 24, Süssenborn (Germany); 25, Tegelen; 26, Cromer forest-bed; 27, Le Vallonnet; 28, South-East France 

(Perrier Les Étouaires, Saint Vallier; Seneze: Leptobos; Sainzelles: Eobison); 29, Maar du Riège; 30, Durfort; 31, Eastern Spain (Cal Guardiola, 

Vallparadís Estació); 32, Southern Spain (Fonelas P-1: Leptobos; Venta Micena: Eobison. 
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6.3. The role of Bison s.s. as a marker of the Epivillafranchian and the B. schoetensacki 

issues 

Until the end of the last century, the most common hypothesis proposed a late dispersal of bison in Europe at 

the beginning of the Middle Pleistocene (Flerov, 1979; McDonald, 1981; Sala, 1986 among others). Only in the last 

decades, new Epivillafranchian sites evidenced that large and derived forms of this group were already populating the 

European continent before the Jaramillo subchron (ca. 1.0 Ma). The sites of Le Vallonnet (France), Untermassfeld 

(Germany), and Cal Guardiola and Vallparadís Estació (Spain) yielded clear evidence that these massive bovids were 

present in the continent well before the onset of the Middle Pleistocene (chapter 5). The first “true” bison in Europe 

are commonly referred to the two species B. schoetensacki and B. menneri (Sher, 1997; Maniakas and Kostopoulos, 

2018; chapter 5).  

Bison menneri is an oddly slender-legged species of large bison erected on the basis of the rich sample from 

Untermassfeld, originally referred to Bison s.s. (Sher, 1997) and recently included in the subgenus Poephagus 

(Bukhsianidze, 2020). The systematic debate regarding B. menneri and its allocation within Poephagus will be 

discussed in the next section. In spite of these disputes, since its discovery, B. menneri has been considered a major 

biochronological marker of the Epivillafranchian due to its presence in one of the most representative and rich 

localities of this biochron (e.g., Kahlke, 2007; Bellucci et al., 2015). Nonetheless, the distribution of this bovid seems 

to be geographically and chronologically relegated to the type locality of Untermassfeld and few other sites of Central 

Europe, although the scantiness of the remains from these latter sites, in fact, does not provide reliable taxonomic data 

(chapter 5 and references therein). The absence of B. menneri from other territories of Central and Northern Europe 

(e.g., British Islands) would make this species a peculiar form of the Untermassfeld region. Alternatively, this 

punctual distribution might be an artifact due to the lack of other high-latitude Epivillafranchian sites in Europe. On 

the other hand, the presence of another Epivillafranchian large and derived bison in Southern Europe, namely B. 

schoetensacki, might have hindered the dispersal of B. menneri at lower latitudes. The study performed in this thesis 

unequivocally supports the presence of B. schoetensacki in Mediterranean Europe already at the beginning of the 

Epivillafranchian. The usefulness of B. menneri in biochronological studies is mined by its absence in Southern 

Europe and its uncertain presence in post-Jaramillo mammal assemblages of Central and Northern Europe. Until new 

discoveries allow to improve our knowledge on the chronospatial distribution of this species, its value as a 

biochronological marker of the Epivillafranchian remains debatable (contra Bellucci et al., 2015).  
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Bison schoetensacki is a taxon with a long history. Erected by Freudenberg (1914) on the basis of the sample 

from the German site of Mauer, this species is well known from the latest stages of the Epivillafranchian and the 

whole Galerian (e.g., Durfort, Süssenborn, Isernia la Pineta), although quite rare before 0.8 Ma (Flerov, 1969; Sala, 

1986; Brugal, 1995; Breda et al., 2010). The discovery of this bison in Le Vallonnet cave (Moullé, 1992) and in the 

lowermost levels of the Vallparadís composite section sets its first occurrence in Europe between 1.2 and 1.0 Ma 

(chapter 5). From 0.9-0.8 Ma on, B. schoetensacki became extremely common in all Europe, populating an area that 

spans from the British Isles to the Italian Peninsula (chapter 5). This wide geographical distribution in almost half 

million years of chronological range led to the evolution of several ecomorphotypes adapting to the climate and 

environmental changes during the EMPT (chapter 5). It is indeed true that during the last century, some species (or 

subspecies) related to B. schoetensacki were erected, including: B. voigtstedtensis, B. s. lagenocornis, B. s. 

schoetensacki (Flerov, 1979). These taxa, although still recognized by few scholars (e.g., Van der Made et al., 2017), 

are not often used in modern literature and, sometimes, even considered expressions of secondary sexual characters in 

the cranium (see Sala, 1986). I tend to agree with the more parsimonious opinion of the latter author in including all 

the aforementioned taxa within the variability of B. schoetensacki. In addition to that, the study performed in this 

thesis (chapter 5) shows how the postcranial bones of Bison constrained between 1.2. and 0.6 Ma fit with the 

variability expected for a single species. During the last stages of the Galerian, ca. 0.6-0.5 Ma, larger and more derived 

Bison appeared in some areas of Europe, including the gigantic forms from Mosbach (Fig. 12) and Tiraspol (Germany 

and Ukraine, respectively) (Flerov and David, 1971; Flerov, 1976). Albeit the taxonomy of these precursors of the 

“priscoid” group is still unsettled (see Sher, 1997 and chapter 5), their arrival is a strong indicator of the first faunal 

changes of the late Galerian which ultimately led to the Mammoth-Coelodonta complex of the late Middle Pleistocene 

(sensu Kahlke, 1999). 

The origins of B. schoetensacki are still obscure and seldom faced by modern scholars. Flerov (1979) 

proposed that this species originated from B. voigtstedtensis (=B. schoetensacki voigtstedtensis) which, in turn, 

emerged from the East European species B. (Eobison) tamanensis from the Taman Peninsula (easternmost Russia). 

This last species, however, is poorly characterized due to the scanty remains on which the diagnosis was based. In 

addition to that, the few fossils attributed to this form present strong resemblances with the most primitive forms of B. 

schoetensacki (Kostopoulos, 2018; chapter 4). In spite of that, the presence of the first Bison s.s. at the eastern borders 

of Europe by the Villafranchian/Epivillafranchian boundary is a probable scenario, also taking into account the 

dispersal of these forms in Southwestern Europe soon after (chapter 5). McDonald (1981) proposed that B. 

schoetensacki originated in Eurasia from a stock of B. priscus. This hypothesis has been already criticized by Sala 
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(1986) who, rightfully, remarks that the occurrence of B. schoetensacki widely precedes that of B. priscus. The latter 

author links the origin of B. schoetensacki to the Eobison group (including the Pirro Nord and Venta Micena bovids 

and also B. tamanensis, in his views). This idea, partially shared with that of Flerov (1979), seems to be the most 

plausible, according to the currently available knowledge. The presence of a stout form of Eobison from the Mygdonia 

basin is an indicator that, at the very end of the Villafranchian, bison of Europe started to develop large size and robust 

built, strongly resembling those of the smallest B. schoetensacki from Durfort and Vallparadís Estació (chapter 5, Fig. 

12). Although I do not believe in a direct ancestor-descendant relationship between E. degiulii and B. schoetensacki, I 

support the hypothesis that the origin of the latter genus is nested within Eobison. Again, the most likely centre of 

origin of B. schoetensacki is continental Asia or the Caucasus.  

The latter territory is characterized by the presence of an extremely stout form of Bison in the site of 

Akhalkalaki (Georgia), which resembles B. priscus of the last Glacial. Nonetheless, the site was dated to the 

Epivillafranchian at ca. 1.0-0.8 Ma (Tappen et al., 2002), thus almost half a million year before the appearance of B. 

priscus. Indeed, the size and proportions of the Akhalkalaki bovid limbs are not fitting with the variability of any 

Epivillafranchian bison (see diagrams in Bukhsianidze, 2020: fig. 11). It is possible that in Georgia, a form of Eobison 

which had its ancestor in SE Europe (e.g., Mygdonia basin) survived in the Epivillafranchian, evolving an extremely 

stout appearance, adapting to the opening of the environments and the harshening of the climate that characterized that 

interval (see chapter 4). Its relationship with the coeval, slenderer B. schoetensacki it is not easily recognizable. Few 

metacarpals from Vallparadís composite section and Cromer forest-bed, referred to the latter species, are identical to 

those from Akhalkalaki, complicating furtherly the identification of this very stout form on the one hand, and the 

definition of the variability of B. schoetensacki on the other. All these inferences should be tested in a detailed analysis 

of the sample from the Georgian locality which, up to date, has never been fully described and does not include any 

cranial elements (Vekua, 1987). I find the Akhalkalaki bison the most staggering oddity in the evolution of this clade. 

Its own presence and its similarities with few other specimens from other samples furtherly complicate an already 

entangled systematic framework.  

A crucial point in the evolution of “true” Bison is the putative late extinction of B. schoetensacki, a view 

which has persisting in the modern literature even more than the “small B. schoetensacki” misconception (see chapters 

4 and 5). Guérin and Philippe (1971) report the presence of this species in Siréjol cave (France) at ca. 0.36 ka. The 

analysis performed in this thesis (chapter 5), however, demonstrates that the postcranial remains of this bovid are more 

similar to those commonly referred to the steppe wisent B. priscus. Brugal (1999) already evidenced the differences 

between B. schoetensacki and the bovid from Sirèjol, attributing the latter to Bison priscus nov. ssp. Recent molecular 
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analysis performed on the bison from the cave, showed that it was genetically different from B. priscus, being more 

related with the extant European wisent B. bonasus (Palacio et al., 2018). In agreement with the original assignment of 

the sample to B. schoetensacki, the paper by Palacio et al. (2018) suggests that B. schoetensacki is the sister taxon of 

B. bonasus. The presence of a second species of Bison in the Late Pleistocene, namely CladeX or Bb1 (Soubrier et al., 

2016; Grange et al., 2018), morphologically similar to B. priscus but genetically distinguishable, is widely 

demonstrated by several molecular studies (see chapter 1). It is erroneous, however, referring this species to the 

Epivillafranchian-Galerian B. schoetensacki on the basis of old taxonomic attribution (Grange et al., 2018; chapter 5). 

This incapability of recognizing phenotypical traits useful to distinguish these taxa is an issue which often adds up to 

misinterpretations of sexual dimorphism. Especially in the past, various authors were wrong in attributing males and 

females of the same taxon to two different species. A major example is the late Middle Pleistocene site of Chatillon-

Saint-Jean in which Mourer-Chauvire (1972) recognizes both B. schoetensacki and B. priscus instead of males and 

females of the same species, most likely B. priscus (chapter 5). It is however evident that B. schoetensacki, during the 

second half of the Galerian, was already showing priscoid features as testified by the massive forms of Isernia la 

Pineta and Mosbach 2 (Sala, 1986). After 0.5 Ma, when the first B. priscus entered Europe, the distinction between the 

two species becomes difficult (chapter 5). The widely demonstrated capability of interbreeding between different 

species of Bison furtherly entangles the situation, leading to not exclude the presence of multiple hybrid populations 

starting from ca. 0.5 Ma. Although not clear, the extinction of B. schoetensacki is almost certainly happened between 

0.5 and 0.4 Ma and it is quite unlikely that this species represents the CladeX or Bison Bb1 which roamed the Western 

Palearctic during the Late Pleistocene. This latter species has still to be morphologically defined but a preliminary 

analysis of the metapodials evidences that these elements could bear some subtle distinguishing features (chapter 5). 

The study of cranial remains is required in order to clarify this issue. 

In chapter 5 I tried to detangle the complex taxonomic definition of B. schoetensacki focusing on the diagnostic traits 

of limb bones. Although I concede that most of the considerations of this chapter are still valid, since its writing -more 

than two years ago- I have changed my mind on some others. The recent finding of few undescribed remains from the 

Jaramillo layers (ca. 1.0 Ma) of Vallparadís Estació in the collections of the ICP, gave me a better idea of the actual 

variability of Bison size and slenderness. A horn tip (still without ID number) from EVT12 (MIS31; ca. 1.0 Ma) is one 

of the few cranial elements (aside from teeth) which were preserved from the Vallparadís composite section. Its 

enormous size and stout built is well fitting with the variability of the massive B. schoetensacki males from Isernia la 

Pineta. If compared with the female horn-core IPS92970 of the EVT7 layer (ca. 0.86 Ma), which have a more gracile 

structure, the difference in size and built is quite impressive. Sher (1997: 172) states: “While Freudenberg emphasized 
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its smaller horns and more slender legs versus B. priscus, Schertz believed that Mauer bison (B. schoetensacki) was 

the smallest form among all the fossil Bison species. The latter has given rise to a long-living myth that B. 

schoetensacki was not only short-horned, but small-sized in general, which is evidently not true.” and I could not 

agree more. The misconception that B. schoetensacki was a small form is widely disproved by many evidence (e.g., 

chapter 4 and 5) but still quite common in literature. From the same layer of Vallparadís Estació (EVT12) as the 

aforementioned horn-core tip, a very large metacarpal (EVT-22688, unpublished) was also collected, comparable in 

size with those of the gigantic B. priscus from Taubach and standing out as one of the largest metacarpals of B. 

schoetensacki ever recorded. The comparison with the other Vallparadís specimens highlights that, at 1.0 Ma, in NE 

Iberian Peninsula, there were both tall and short forms of Bison, one resembling the Mauer type material (large and 

long) and one more priscoid in its built (similar to the Akhalkalaki form). Although these differences appear to fit with 

the overall variation of a single species, finding the two opposite morphotypes in the same layers rings some alarm 

bells. A deeper analysis of variability in extant Bison or in well-sampled extinct bison records (i.e., some Late 

Pleistocene B. priscus ones) is required to confirm if this discrepancy is explainable by sexual dimorphism and/or 

ontogenetic changes or it has some taxonomic meaning. I still believe that the variation due to sexual dimorphism, 

ontogeny, and ecophenotypic adaptations in Bison is often underacknowledged. On the other hand, the presence of a 

“hidden” species of Bison coeval with B. priscus and only identifiable on the basis of molecular characters (see above) 

compels a more cautious approach in grouping different morphotypes in one species. The most interesting fact, 

however, is that some specimens coming from the older layers of the Vallparadís composite section -CGR2 and 

EVT10 (ca. 1.2-1.0 Ma)- are perfectly fitting with the variability expressed by the type material of Mauer, confirming 

that this species was already well distributed in Europe at the beginning of the Epivillafranchian. Therefore, the 

Vallparadís composite section is added to Le Vallonnet and Untermassfeld as the first localities which register the 

arrival of large-sized “trues” bison species in Western Palearctic. 
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Previous page. Fig. 12. Evolutionary trends of metacarpal robusticity in selected Leptobos and Bison samples from various Western Palearctic 

localities over the last 2 Ma, correlated with: average body-mass estimated for each studied group, inferred paleoenvironmental condition of 

each site, paleoclimatological diagram of LR04 Benthic Stack (Lisiecki and Raymo, 2005). A, Leptobos merlai from Saint Vallier; B, Leptobos 

etruscus from Fonelas P 1; C, Leptobos etruscus from Olivola; D, Bison (Eobison) georgicus from Dmanisi; E, Bison (Eobison) sp. from Venta 

Micena; F, Bison (Eobison) degiulii from Pietrafitta; G, Bison (Eobison) degiulii from Pirro Nord; H, Bison (Eobison) degiulii from Mygdonia 

Basin; I, Bison (Bison) schoetensacki from Le Vallonnet; J, Bison (Bison) schoetensacki from Vallparadís composite section; K, Bison (Bison) 

menneri from Untermassfeld; M, Bison (Bison) schoetensacki from Durfort; M, Bison (Bison) schoetensacki from Süssenborn; N, Bison (Bison) 

schoetensacki from Mauer; O, Bison (Bison) cf. schoetensacki from Mosbach; P, Bison (Bison) priscus priscus from Romain-la-Roche; Q, Bison 

(Bison) priscus priscus from Taubach; R, Bison (Bison) priscus mediator from Habarra; S, Bison (Bison) priscus mediator from Cava Filo. Data 

taken from chapter 4. 

 

 

6.4. Systematics of Bison menneri 

Bison menneri is the most recently described species of Bison from Eurasia. It was first erected by Sher (1997) 

based on a rich collection of more than 1,000 remains from the Epivillafranchian of Untermassfeld. The systematics of 

this bovid was reappraised with the description of further material by Bukhsianidze (2020), who referred the species to 

the subgenus Poephagus, that is, the group including the extant yak and its extinct relatives. Although being among 

the best-known Early Pleistocene bovids from the anatomical point of view, and despite being considered a marker 

taxon of the Epivillafranchian for long time (e.g., Kahlke et al., 2011; Bellucci et al., 2015; but see the previous 

section), the systematics of B. (P.) menneri needs some clarifications. Before entering the core of the discussion, 

however, it is worth to mention that the phylogenetic affinity between “true” bison (subgenus Bison) and yak 

(subgenus Poephagus) is widely demonstrated (e.g., Li et al., 2007; Zeyland et al., 2012; Soubrier et al., 2016) and 

that their extant representatives share a large number of synapomorphies (Olsen, 1990), hence it is legit to presume 

that also the primitive members of these clades might share some similarities. For instance, it is very likely that they 

might exhibit a marked sexual dimorphism, as in extant forms. 

The attribution to Poephagus was proposed by Bukshianidze (2020) on the basis of some characters of the 

metapodials and the cranium IQW 2003/28 250 (Mei. 27 412) which was left undescribed in the previous work of 

Sher (1997). According to Bukshianidze (2020: 1187), this almost complete specimen (paratype of the species) is 

referrable to a male individual due to: “the dorso-ventrally compressed horn-core bases and remarkably vaulted 

nasals”. However, there are several aspects that challenge this attribution, starting from the two putative male 

characters. Although less accentuated in females, the dorsoventral compression of the horn-core bases is a typical 
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feature of all Early-Middle Pleistocene Bison species (Sala, 1986; chapter 4). The vaulted nasals might be, according 

to the same Bukshianidze (2020: 1187), a unique character of this form and not strictly related to sexual dimorphism. 

It is noteworthy that vaulted nasals (which increase the nasal cavity volume) is also present in Middle-Late Pleistocene 

forms of B. priscus of Siberia (Kahlke, 1999) and observed in many females of B. bison (see pictures in Allen, 1876). 

If these male characters are debatable, on the other hand, the cranium from Untermassfeld shows a remarkable list of 

characters which are clearly pointing toward an opposite interpretation. All the following female traits are recognized 

in the specimen IQW 2003/28 250 (Mei. 27 412): overall gracile morphology, elongated rostrum, narrow frontals, 

small horns emerging posteriorly with no burr at the bases, unobliterated sutures, low degree of pneumatization of the 

skull roof, unprotruding orbits without thickened edges, reduced posterior tuberosities of the basioccipital (Skinner 

and Kaisen, 1947; Sala, 1986; chapter 4). On the basis of that, I strongly believe that the paratype of B. menneri 

belongs to a female individual. This attribution becomes pivotal when we deal with the taxonomy of the whole 

Untermassfeld sample. 

Bukshianidze (2020: 1187) summarizes the features shared by B. menneri and Poephagus, however, the 

comparison with a larger sample of Leptobos and Bison (especially in light of sexual dimorphism) evidences that these 

traits appear quite common within the leptobovine-bisontine groups: 

I. “Elongation of frontals and shortening of parietals”. Elongated frontals are commonly observed in both 

Leptobos and Eobison (chapter 4), being one of the diagnostic traits for the latter in distinguishing it from 

the subgenus Bison. This feature is also typical of females of Bison s.s. (both extinct and extant) 

(McDonald, 1981). The analysis of a large Leptobos and Bison sample in chapter 4 shows that the frontals 

of B. menneri perfectly fit with the variability of Bison s.l. 

II. “Position of orbits behind M3”. This character is considered a diagnostic trait of Poephagus by 

Bukshianidze (2020: 1185) and is included it in the emended diagnosis of B. menneri. Nonetheless in the 

subadult skull IQW 1993/24 343 (Mei. 23 872), figured by Bukshianidze (2020: fig. 8) and referred to the 

same species, the anterior margin of the orbit is at the level of M3-M2 contact. Moreover, the cranium 

NHCK KLT-638 of B. (E.) cf. degiulii from the Mygdonia basin (most probably a female) the orbit are 

behind M3, as in the paratype of B. menneri. 

III. “Caudal insertion of horn-cores, backward direction of horn-cores and their downward bending in the 

beginning”. These traits are quite common in female individuals of Bison s.l. (see pictures in Skinner and 

Kaisen, 1947). Most of the Eobison crania studied in chapter 4 are characterized by various degrees of the 

aforementioned traits. 
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IV. “Thin and arched nuchal crests”. This character that defines the shape of the occipital squama is quite 

variable in Bison s.l. (chapter 4). However, the Untermassfeld squama is perfectly fitting within the 

variability of both Poephagus and Bison. 

V. “Low degree and even pneumatization of the braincase roof”. The low pneumatization of the braincase is 

a typical feature of Eobison and is present also in females of Bison s.s. (Sala, 1986; McDonald, 1981). 

McDonald (1981) suggests that short-horned bison species have a higher degree of cranial roof vaulting 

(given by a strong, uneven pneumatization of the frontals), in order to better cope with the head-butting. 

Head-butting is an activity performed exclusively by males; thus, the females of these species show 

flattened and less pneumatized frontals (McDonald, 1981). 

VI. “Long and wide nasals”. All species of Bison s.l. are characterized by wide and long nasals which reach 

the level of the anterior margin of the orbit or slightly behind (Sala, 1986; chapter 4). 

It is therefore evident that most, if not all, the characters which allow us to refer B. menneri to Poephagus are 

equally valid for the attribution of the German sample to Bison s.l., as originally suggested by Sher (1997). To these, 

the shape of the lacrimal bone and the nasal process of the premaxilla are added, as they both are Bison-like 

(Bukshianidze, 2020). Among the characters pairing B. menneri with Bison s.l. and passed unnoticed by Bukshianidze 

(2020) there are: the torsion of the horns in Poephagus which is strongly heteronymous, whereas in many Bison 

species as in the B. menneri paratype is less accentuated; the presence of a “folded” maxillary segment dividing the 

premaxilla from the nasal (sensu Olsen, 1990), which is autapomorphic in Poephagus and seems to be not present in 

IQW 2003/28 250 (Mei. 27 412).  

In addition to that, Bukshianidze (2020: 1187) recognizes in B. menneri a series of putative paedomorphic 

characters, including: “upward rising and backward directed horn-core pedicles, caudo-laterally directed short and 

gracile horn cores, unobliterated sutures, hiatus between nasal, frontal and lacrimal, more open angle between 

basisphenoid and praesphenoid”. The last character, however, is shared with bison and not with yak and most of the 

other traits are, as aforementioned, well documented in the females of derivate Bison or in primitive species of the 

same clade. According to the author, the presence of these neotenic features in Poephagus from Untermassfeld 

suggests that the most primitive forms of yak were characterized by paedomorphism as it has been hypothesized for 

bison (Flerov, 1979; Sala, 1986). Therefore, Bukshianidze (2020) justifies the presence of Bison-like and non-

Poephagus-like traits in the Untermassfeld cranium as paedomorphic and overlooks those characters which actually 

indicate a possible attribution to a female individual of bison. I fully agree with the aforementioned authors stating that 

females of Bison, Poephagus, and Leptobos feature neotenic traits, however this should not be used as a taxonomic 
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lock pick in a circular argument. Among the paedomorphies displayed by IQW 2003/28 250 (Mei. 27 412) the hiatus 

between nasal, frontal, and lacrimal is surely the most intriguing. This feature seems to represent the ethmoidal 

fenestra which is a diagnostic trait of Leptobos and not present in Bison neither in Poephagus (Masini, 1989; 

Duvernois, 1990; chapter 4). Therefore, it might be an ancestral trait (possible neoteny) retained by the Untermassfeld 

cranium, furtherly confirming its attribution to a female. The presence of other four partial crania of juvenile 

individuals in Untermassfeld furtherly complicates the debate. Bukshianidze (2020) suggests that the subadult 

specimens IQW 1980/17 380 (Mei. 16 902) and IQW 2003/27 716 (Mei. 27 221) belong to another species of bovine 

due to the reduced horn pedicle and large size (horns and frontals) in the former and the anterior margin of the orbits 

at the level of M2 in the latter. However, as noticed above, the anteriorly shifted orbit is present in another skull 

referred to B. menneri by the author and the size of horns, pedicles, and frontals could be related to ontogeny and 

sexual dimorphism, contra Bukshianidze (2020). 

Bukshianidze (2020) affirms that the morphology of B. menneri metapodials, especially in the distal end, is 

one of the traits that enforce its attribution to Poephagus. The author rightfully states that the Untermassfeld 

metapodials are similar to those of both Poephagus and Bison and different from those of Bos. It is indeed true that the 

distal ends of metapodials of yak and bison (including their relative Leptobos) show an analogous morphology. 

Therefore, although it is correct to exclude the attribution to Bos due to the well-distinguishable metapodial distal ends 

(see Sala, 1986; Sher, 1997; chapter 5), it is biased to affirm that the morphology of metapodials contributes to refer 

the Untermassfeld sample to Poephagus instead of Bison. On the other hand, the proportions of these bones are quite 

useful in distinguishing yak and bison due to the extremely stouter built of the former. The structure of Poephagus 

metapodials evolved to sustain the animal in a dry rocky environment such as the Himalayan mountains, where the 

wild yak can be found today (Olsen, 1990; Vasiliev, 2021). For this reason, their built is exceptionally robust, even 

more than that of Late Pleistocene steppe bison (see chapter 5). On the contrary, the bovid from Untermassfeld is 

characterized by much slenderer limbs featuring the longest metapodials among all bovines, both extant and extinct 

(see Maniakas and Kostopoulos, 2018 and chapters 4, 5). Although it is clear that the habitats of B. menneri and the 

extant yak is a strong driving factor for the evolution of their metapodial structure (see chapters 4 and 5), the similarity 

between them, claimed by Bukshianidze (2020), is quite debatable and, in my opinion, not sufficient in lumping B. 

menneri in Poephagus. The presence in Untermassfeld of an isolated metacarpal with a more robust built fitting with 

the variability of B. schoetensacki (see chapter 5) challenges the presence of a single large bovid species in the site. In 

spite of that, this specimen could represent an abnormally stout individual of B. menneri recorded in the extremely 

abundant bison sample unearthed from this locality. 
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Finally, both the chronological and geographical ranges of Poephagus is another argument against the 

inclusion of B. menneri within this clade. The records of fossil yak from Eurasia are extremely rare and all limited to 

the latest stages of the Pleistocene and the Holocene of Asia (i.e., China, eastern Russia, Pakistan) (Olsen, 1990; 

Kahlke, 1999; Bukshianidze, 2020; Vasiliev, 2021 and references therein). The attribution to Poephagus would make 

B. menneri the oldest and most western yak recorded up to date. This interpretation thus would suggest that yak 

evolved first in Central Europe, then reached Asia during the Middle-Late Pleistocene; alternatively, it might have 

originated in Asia during the Early Pleistocene and then dispersed in Europe before the Jaramillo subchron. These two 

hypotheses, however, should contemplate the existence of primitive forms of yak in the western part of Asia or eastern 

Europe in the timespan comprised between the Early and Late Pleistocene. At the current state of the art, there is no 

other remains of Poephagus outside western Asia apart from the Untermassfeld ones. In addition to that, the strongly 

contrasting molecular studies does not allow to set a precise date for the divergence of yak from bison which oscillates 

between 2.1 and 0.3 Ma (Li et al. 2006; Zeyland et al. 2012; Massilani et al., 2013; Bai, 2015 among others). 

According to our present knowledge, the most parsimonious interpretation is that Poephagus is an eastern Asian taxon 

with a relatively recent history, which, starting from the Holocene, saw a progressive shrinking of its distribution and 

ended relegated into the Himalayan region. All the fossil record, with the exception of B. menneri, suggests that this 

genus never reached the Western Palearctic. 

These multiple lines of evidence advocate another accommodation for the Untermassfeld bovid, in one of the groups 

belonging to the leptobovine-bisontine lineages. The primitive traits shown by the cranium and metapodials of this 

slender form indicate a relationship with the less derived species of Bison, grouped in the subgenus Eobison (chapter 

4). If it is true that the large size of this animal is an oddity for this early Bison (Sher, 1997), it is equally evident that 

B. menneri and Eobison spp. share a considerable series of synapomorphies (e.g., slender limbs, small horns, narrow 

skull). On the other hand, some of these traits might be purely linked to the female sex of the most complete cranium 

from Untermassfeld, hence potentially misleading the attribution. It is indeed possible that, due to the suggested 

paedomorphic (= primitive) traits shown by the female specimen IQW 2003/28 250 (Mei. 27 412), the characters 

allying this species with the more derived Bison s.s. could remain unknown. At the state of the art, the lack of other 

adult skulls of B. menneri prevents the evaluation of the sexual dimorphism in this taxon, which however, is expected 

to be similar to that observed in its relatives. Although, this issue does not allow to properly assign B. menneri to 

neither the two subgenera of Bison recognized in this work, I tend to agree with the original vision of Sher (1997) who 

considered the Untermassfeld bovid as part of the “true” Bison group. 
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7. Conclusions 

This thesis aimed to reconstruct the taxonomy, paleobiology, distribution, and chronological ranges of Bison 

and Sus species in Western Palearctic during the latest stages of the Early Pleistocene (Fig. 13). These two iconic 

genera include some of the most successful large mammals in the last 2.0 Ma, able to colonize most of Eurasia and 

North America, and still persisting in many modern faunal assemblages. Due to their almost constant presence and 

abundance in the fossil record of Europe, their value as biochronological tools is undisputed. Their debated 

systematics and evolutionary history have been at the centre of many studies for more than one century and, still 

nowadays, there is poor consensus among scholars. The new paleontological and molecular findings and the 

reappraisal of old collections carried out in the last decades ignited the controversies and discussions about Sus and 

Bison and their role in the paleontological studies of European Quaternary. 

The EMPT, started between 1.4 and 1.2 Ma, is a crucial period for the history of the biosphere. The Northern 

Hemisphere, and in particular Europe, were affected by a major climatic shift which led to stronger glacial-interglacial 

pulses and overall drier and cooler conditions. This change had strong repercussions on European environments which 

were characterized by a general shrinking of the forested habitats and the widespread diffusion of open landscapes 

(Fig. 1). The mammal communities of the latest Early Pleistocene were, therefore, subject to a strong pressure derived 

by the onset of these new conditions. As the Villafranchian large mammals of Europe started to disappear, new 

groups, originated in the eastern territories of Eurasia, found the suitable conditions for their dispersal toward the west, 

rapidly becoming part of the faunal assemblages (Fig. 3). By the beginning of the Middle Pleistocene (ca. 0.8 Ma), 

these new elements had almost completely replaced their Villafranchian counterparts and the Galerian biochron 

settled. This period of transition, roughly constrained between 1.2 and 0.8 Ma, in which both old taxa and newcomers 

coexisted, has been named Epivillafranchian (Fig. 13). 

In this framework, the three main chapters of this thesis were developed with the final aim of understanding 

the pathway taken by two of the most important biochronological markers of this period, namely Sus and Bison. Here 

a resume of the three chapters included in this thesis and their results, is provided: 

(I) Chapters 3 and S1 focused on the reappraisal of Sus record of Europe. The rich suid collection from the 

Vallparadís composite section (Spain) accounted as case study. Our analysis showed that, contrarily to 

what was believed by most of the scholars until now, the European dispersal of S. scrofa did not occur 

before the onset of the Middle Pleistocene. The Vallparadís sample, as well as all other Epivillafranchian 

European records, are confidently referred to the well-known species S. strozzii. This species is thus added 
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to the list of those taxa which survived the first stages of EMPT, thus characterizing the transitional faunas 

of the Epivillafranchian (Fig. 13). On the other hand, the arrival of S. scrofa and the extinction of the 

verrucosic group in Europe could be considered one of the most important bioevents at the beginning of 

the Galerian. The so-called ‘suid gap’ -i.e., the strong demographic contraction of suids of Europe at the 

end of the Villafranchian- is here somewhat confirmed. The almost total absence of suid remains from the 

major fossiliferous localities dated between ca. 1.8 and 1.2 Ma is a strong indicator of their scarcity also 

from the paleocommunities of Western Palearctic during the last phases of the Villafranchian. Scanty, and 

sometimes dubious, remains from peripheral or isolated areas of Europe testify the persistence of these 

ungulates in the continent despite the major collapse of their populations (Fig. 10). 

(II) Chapter 4 focused on the reappraisal of Eobison record of Europe. The rich bovid collection from 

Pietrafitta (Italy) accounted as case study. Our work evidenced that this sample previously attributed to 

Leptobos, actually belongs to an early member of Bison s.l. These late Villafranchian forms are commonly 

grouped in the subgenus Eobison, characterized by primitive cranial features and slenderer body structures 

compared with their larger successor (Bison s.s.). The analysis of the Pietrafitta bovid, here attributed to 

B. (E.) degiulii, compelled the revision of the confused hypodigm of the subgenus, which revealed to be 

affected by an overabundance of species. At least three species of Eobison, namely B.(E.) palaeosinensis, 

B. (E.) georgicus, B. (E.) degiulii, were considered valid. The study of the cranial and postcranial skeleton 

of the available Eobison record from Eurasia evidenced a series of evolutionary trends within the 

Leptobos-Bison group. In particular, the limb proportions and body size followed a clear trend toward an 

increased stoutness and gigantism in both lineages. The robustness of metapodials is here positively 

related with the presence of open habitats (Fig. 12). 

(III) Chapter 5 focused on the reappraisal of B. schoetensacki record of Europe. The rich bovid collection from 

the Vallparadís composite section (Spain) accounted as case study. Our study remarked that the first Bison 

s.s. dispersed in Europe already at the beginning of the Epivillafranchian. By 1.2-1.1 Ma, large and 

derived forms, referrable to the species B. (B.) schoetensacki, replaced Eobison and populated 

Mediterranean Europe, whereas the extremely tall and slender B. (B.) menneri colonized Central-North 

Europe. Therefore, the dispersal of Bison s.s. in Western Palearctic is an important bioevent which marks 

the beginning of the Epivillafranchian (Fig. 13). These newcomers flourished later, with the onset of the 

Galerian (ca. 0.8 Ma), colonizing all the European continent. Our analyses of metapodials suggest the 

presence of various ecomorphotypes of Bison, most probably belonging to one taxon, namely B. 
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schoetensacki (Fig. 12). During the Epivillafranchian and Galerian, this species adapted to the 

everchanging environments given by the rather unstable climatic conditions of this biochron, developing a 

relatively wide range of body sizes and proportions. 

This thesis attempted to improve the present knowledge about the suids and bovids of Europe during the 

last phases of the Early Pleistocene, and their coping with the major climatic changes that affected the continent 

between 1.4 and 0.4 Ma. These results are, however, only the start of the works that should be done on the 

extremely complex and entangled evolutionary history of these groups. As mentioned in the previous chapter, 

since the first studies performed for this thesis, several new discoveries came to my knowledge, broadening the 

spectrum of possibilities toward new problems and, hopefully, new solutions. For this reason, I consider this 

thesis, and the works included within, only the ‘tip of the iceberg’ of a larger project, aimed to reconstruct the 

environments and faunal assemblages which succeeded during the EMPT. The reappraisal of long-forgotten 

historical collections and the finding of new localities joined with the inclusion of other groups of large mammals 

and the use of powerful molecular techniques are the tools required in the next future, in order to shed new light 

on the major faunal turnovers over the Quaternary. 

 

Next page. Fig. 13. Approximated occurrences of the most important large mammal taxa in Europe during the latest stages of Early 

Pleistocene, correlated with geochronology, LR04 Benthic Stack (Lisiecki and Raymo, 2005) and the Land Mammal Ages scheme 

discussed in this work. White stars indicate that the taxon is a Villafranchian species persisting during the Epivillafranchian; black stars 

indicate that the taxon is a Galerian precursor in the Epivillafranchian.  
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 Page 277: Fig. S1 Measurements taken in this work: a1–3, Cranium; b1–2, Atlas; c, Tooth; d, Mandible; e, Pelvis; 

f1–4, Humerus; g1–5 Metapodials; h1–4, Tibia; i1–5, Femur; j1–4, Radius; k1–4, Phalanges; l1–2, Semilunar; m1–2, 

Scaphoid; n1–2, Cubonavicular; o1–2, Scapula; p1–2, Malleolus; q1–2, Cuneiform; r1–2, Unciform; s1–2, Magnum; 

t1–2, Pyramidal; u1–2, Astragalus; v1–2, Calcaneum. Elements drawn not in scale. Abbreviations are explained in 

Table S2. 

Page 278: Fig. S2 Humeri and radius-ulnae of Bison (Eobison) degiulii from Pietrafitta. a, Left humerus SABAP 

UMB 21. 4.1144 in anterior (a1) and posterior (a2) views; b, Right humerus SABAP UMB 22. 4.247/2 in anterior 

(b1), posterior (b2), and lateral (b3) views; c, Left radius-ulna SABAP UMB 22. 4.247/10 in anterior (c1), posterior 

(c2), and medial (c3) views; d, Right radius-ulna SABAP UMB 21. 4.1137 in anterior (d1), lateral (d2), posterior (d3) 

views; Scale bar: 100 mm. 

Page 279: Fig. S3 Carpal bones of Bison (Eobison) degiulii from Pietrafitta. a, Left pyramidal SABAP UMB 21. 

4.1406 in lateral (a1) and medial (a2) views; b, Right pyramidal SABAP UMB 21. 4.1287 in lateral (b1) and medial 

(b2) views; c, Right semilunar SABAP UMB 21. 4.1407 in proximal (c1) and distal (c2) views; d, Right semilunar 

SABAP UMB 21. 4.1286 in proximal (d1) and distal (d2) views; e, Left unciform SABAP UMB 21. 4.1425 in 

proximal (e1) and distal (e2) views; f, Right unciform SABAP UMB 21. 4.1289 in proximal (f1) and distal (f2) views; 

g, Right pisiform in medial view; h, Left pisiform in medial view; i, Left scaphoid SABAP UMB 21. 4.1381 in 

proximal (i1) and lateral (i2) views; j, Right scaphoid SABAP UMB 21. 4.1401 in proximal (j1) and lateral (j2) views; 

k, Left magnum-trapezoid SABAP UMB 21. 4.1423 in distal (k1) and proximal (k2) views; l, Right magnum-

trapezoid SABAP UMB 21. 4.1424 in distal (l1) and proximal (l2) views. Scale bar: 50 mm. 

Page 280: Fig. S4 Pelvis and hindlimb bones of Bison (Eobison) degiulii from Pietrafitta. a, Right hemipelvis SABAP 

UMB 21. 4.1138 in lateral view; b, Right hemipelvis SABAP UMB 21. 4.1136 in lateral view; c, Left patella SABAP 

UMB 21. 4.1265 in anterior (c1) and posterior (c2) views; d, Left femur SABAP UMB 21. 4.1149 in distal (d1), 

anterior (d2), medial (d3), and posterior (d4) views; e, Right tibia SABAP UMB 21. 4.1148 in anterior (e1), medial 

(e2), posterior (e3), lateral (e4) and distal (e5) views; f, Left tibia SABAP UMB 19. 4.1176 in anterior (f1), proximal 

(f2), distal (f3), posterior (f4), lateral (f5), and medial (f6) views. Scale bar: 100 mm.  

Page 281: Fig. S5 Tarsal bones of Bison (Eobison) degiulii from Pietrafitta. a, Right astragalus SABAP UMB 130142 

in anterior (a1), posterior (a2), and lateral (a3) views; b, Right astragalus SABAP UMB 21. 4.1242 in anterior (b1), 

posterior (b2), and lateral (b3) views; c, Left calcaneum SABAP_UMB 22. 4.244 in medial (c1) and anterior (c2) 



Chapter S2 | Supplementary material of Sorbelli et al. (2022) 

 
276 

views; d, Right calcaneum SABAP UMB 130028 in anterior (d1) and posterior (d2) views; e, Left cubonavicular 

SABAP UMB 21. 4.1153 in proximal (e1), anterior (e2), distal (e3), and lateral (e4) views; f, Right cubonavicular 

SABAP UMB 21. 4.1247 in proximal (f1), anterior (f2), distal (f3), and lateral (f4) views; g, Left cuneiform SABAP 

UMB 21. 4.1413 in proximal (g1) and medial (g2) views; h, Right cuneiform SABAP UMB 21. 4.1411 in proximal 

(h1) and medial (h2) views; j, Right malleolus SABAP UMB 21. 4.1290 in medial (j1) and distal (j2) views; k, Left 

malleolus SABAP UMB 21. 4.1411 in proximal (k1) and distal (k2) views. Scale bar: 50 mm. 

Page 282: Fig. S6 Phalanges and sesamoids of Bison (Eobison) degiulii from Pietrafitta. a, Right proximal phalanx 

SABAP UMB 21. 4.1158 in anterior (1), axial (2), proximal (3) and distal (4) views; b, Left proximal phalanx SABAP 

UMB 20. 1.6808/1 in anterior (1), axial (2), proximal (3) and distal (4) views; c, Right intermediate phalanx SABAP 

UMB 20. 1.6808/4 in in anterior (1), axial (2), proximal (3) and distal (4) views; d, Right intermediate phalanx 

SABAP UMB 21. 4.1274 in anterior (1), axial (2), proximal (3) and distal (4) views; e, sesamoid SABAP UMB 21. 

4.1436 in anterior (1) and lateral (2) views; f, sesamoid SABAP UMB 21. 4.1453 in anterior (1) and posterior (2) 

views. g, Right distal phalanx SABAP UMB 21. 4.1254 in abaxial (1), proximal (2), posterior (3) and anterior (4) 

views; h, Right distal phalanx SABAP UMB 21. 4.1256 in abaxial (1), proximal (2), posterior (3) and anterior (4) 

views. Scale bar: 50 mm. 
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Chapter S3 

Supplementary material of the paper: 

Sorbelli, L., Alba, D.M., Cherin, M., Moullé, P.É., Brugal, J.P. and Madurell-Malapeira, J., 2021. A review on Bison 

schoetensacki and its closest relatives through the early-Middle Pleistocene transition: Insights from the 

Vallparadís Section (NE Iberian Peninsula) and other European localities. Quaternary Science Reviews, 261: 

106933. 

DOI: https://doi.org/10.1016/j.quascirev.2021.106933 

Refer to chapter 5. 
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Animale (s.m.): Organismo che richiede un gran numero di altri animali per il proprio sostentamento, dimostrando 

così in modo inoppugnabile quanto siano generosi i disegni della Provvidenza nel preservare la vita delle sue creature 

 

-Ambrose Bierce "Il Dizionario del Diavolo" 
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