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The Villafranchian fossil record of Perissodactyla is of a great interest because the appearance of the
genus Equus and disappearance of the genus Tapirus mark important faunal turnovers. Here, we provide
new data on Italian Villafranchian Tapiridae, Rhinocerotidae, and Equidae with updates from the last
comprehensive review; most relevant are those of the Rhinocerotidae and Equidae. At present only
two Villafranchian rhinoceros’ species are documented in Italy: Stephanorhinus jeanvireti and
Stephanorhinus etruscus. The two species can be distinguished by several morphological features and
by the dimensions of their bones. Stephanorhinus etruscus occurred throughout the Villafranchian; despite
the numerous records, its remains are not enough to investigate morphometric trends. The Equidae
include seven species including new occurrences of Hipparionine horses and of the genus Equus. The sta-
tistical analyses performed on the Equus species show two different evolutionary trends, namely the
stenonine lineage ‘‘Equus livenzovensis - Equus stenonis” and the small-to-medium-sized lineage ‘‘Equus
senenzensis - Equus stehlini”, suggesting a different evolution of these species. Moreover, the analyses
show close relationships between the Italian Equus stenonis samples and three European Equus stenonis
subspecies (E. stenonis vireti, E. stenonis guthi, and E. stenonis pueblensis). We begin to reconsider the valid-
ity of E. stenonis subspecies identification in order to provide new perspectives on the taxonomy of this
species.

� 2020 Elsevier Masson SAS. All rights reserved.
1. Introduction

The Villafranchian is a key informal Mammal Age which
roughly spans the late Pliocene–late Early Pleistocene interval
(ca. 3.5 Ma to ca. 1.0 Ma) and it is defined by several faunal turn-
overs. As reported in the last overview on the Villafranchian
(Rook and Martínez-Navarro, 2010; Alberdi et al., 2016), this unit
includes the Pliocene-Pleistocene transition with remarkable fau-
nal changes recorded at the global level. The fossil record of Peris-
sodactyla is of great significance because the disappearance of
Tapirus and the first occurrence of Equus reflects important envi-
ronmental changes, from Pliocene warm forest ecosystems to
Pleistocene cool-arid conditions (Rook and Martínez-Navarro,
2010; Petronio et al., 2011; Szabó et al., 2017).
The term Villafranchian was initially proposed by Pareto (1865)
as a continental stage referred to the fluvio-lacustrine sediments
near Villafranca d’Asti (Piedmont, northern Italy), which contained
a rich fossil mammal fauna. During the 1960s and 1970s, Professor
Augusto Azzaroli significantly advanced our knowledge about the
Villafranchian (Rook, 2015). Azzaroli subdivided the Villafranchian
into early, middle and late intervals and, in addition, established
seven Faunal Units (FU) within the Villafranchian: Triversa, Mon-
topoli, Coste San Giacomo, Olivola, Tasso, Farneta, and Pirro Nord.
As such, the Italian peninsula is unique in the Eurasian Pliocene-
Pleistocene mammal fossil record for its abundance of fossil sites
and richness of their faunas. Rook and Martínez-Navarro (2010)
have provided a comprehensive review of faunal turnover during
the Villafranchian and the history of this interval. Herein, we pro-
vide an overview of the current knowledge on Italian Vil-
lafranchian perissodactyls, pointing out new research perspectives.
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2. Material and methods

The revised Quaternary time scale of Gibbard et al. (2010) is
used for chronological references in this text; the Pliocene spans
from 5.33 Ma up to 2.58 Ma. We present our observations on peris-
sodactyl fossil collections housed in several academic institutions
that have been recovered from various Villafranchian localities
on the Italian Peninsula. Most remains come from the Piedmont,
Tuscany, Umbria, Latium, and Apulia (Fig. 1; Table S1, Appendix
A). These specimens are morphologically and morphometrically
compared with those belonging to evolutionarily-related European
Villafranchian species.

Morphometric and morphological descriptions on Tapiridae
mainly follow Rustioni (1992). Concerning rhinoceroses, we follow
the morphometric methodology of Guérin (1980) with the
anatomical descriptions mainly following Antoine (2002). Compar-
ative data were collected from specimens housed in several muse-
ums (Appendix A) and from data reported by Guérin and Heintz
(1971), Ruiz Bustos (1973), Santafé-Llopis and Casanovas-
Cladellas (1987), Cerdeño (1989), Fortelius et al. (1993),
Campanino et al. (1994), Lacombat (2005), Guérin (2004), Guérin
and Tsoukala (2013), Pandolfi et al. (2017a), and Pandolfi et al.
(2019), Pandolfi et al. (2020). In Equidae, we follow Eisenmann
et al. (1988) and Bernor et al. (1997) for anatomical nomenclature,
osteological landmarks, and morphological measurements.

Anatomical abbreviations: DP1: upper deciduous first premo-
lar; P2: upper second premolar; P3: upper third premolar; P4:
upper fourth premolar; LP: length of the premolar row; LM: length
of the molar row; M1: upper first molar; M2: upper second molar;
M3: upper third molar; p2: lower second premolar; MCIII: third
metacarpal; MCIV: fourth metacarpal; MTIII: third metatarsal;
MTIV: fourth metatarsal; AST: astragalus; CALC: calcaneus;
Fig. 1. Location map of the main Italian Villafranchian localities. See Table S1 (Appe
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A1PHIII: first anterior phalanx of the central digit; 2PHIII: second
phalanx of the central digit.

Institutional abbreviations: IGF: Museo di Storia Naturale
dell’Università degli Studi di Firenze, Sezione di Geologia e Paleon-
tologia; POMK: Ethographic Museum Collection, Livenzovka, Ros-
tov; IQM: Institut fur Geowissenschaften Bereich
Quartarpalaontolgie, Weimar (Germany); MGC: Museo di Geologia
‘‘Giovanni Capellini” di Bologna; MNCN: Museo Nacional de Cien-
cias Naturales Madrid; MPLBP: Museo Paleontologico ‘‘Luigi
Boldrini” Pietrafitta, Perugia; MPUR: Museo di Paleontologia,
Università di Roma Sapienza; MSNAF: Museo di Storia Naturale
di Siena, Accademia dei Fisiocritici; NHMW: Natural History
Museum Wien; NMB: Natural History Museum, Basel; OMNSC:
Oltenia Museum Natural Sciences Department, Craiova.

Acronyms: MN: Mammal Neogene Unit; MNQ: Mammal Qua-
ternary Unit; FU: Faunal Unit; CSG: Coste San Giacomo; FAD: First
Appearance Datum; ICZN: International Commission on Zoological
Nomenclature.
3. Systematic paleontology

Classs Mammalia Linnaeus, 1758
Order Perissodactyla Owen, 1848
Family Tapiridae Burnett, 1830
Genus Tapirus Brisson, 1762
Tapirus arvernensis Croizet and Jobert, 1828
Fig. 2
Type material: mandibles and isolated teeth, figured in Croizet

and Jobert (1828: 161-165, 167; pl. II, figs. 1, 3-5, pl. XII, figs. 4-6).
Type locality and horizon: Les Etouaries (France), around the

Pliocene-Pleistocene transition.
ndix A) for an extensive list of the Italian localities not indicated in this figure.



Fig. 2. Villafranchian Tapirus arvernensis remains from Italy. A.Mandible from Pieve a Fosciana (Garfagnana, IGF 971), in occlusal (top) and lateral (bottom) views. B. Skull and
mandible from Santa Barbara (Upper Valdarno Arezzo; IGF 975), lateral view. Scale bar: 10 cm.
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Remarks: The oldest reference to the presence of tapirs in Italy
is dated back to the 19th century: among others, the manuscripts
by Gaudin (1857), Meneghini (1880), Capellini (1881) are consid-
ered to be milestones. Tapirus arvernensis was established by
Croizet and Jobert (1828) on some remains collected at Les
Etouaires (France). The species is smaller and slenderer than
T. priscus from the late Miocene of central Europe and the extant
T. indicus. The long bones of T. arvernensis resemble those of T. ter-
restris but with relatively robust diaphyses (Rustioni, 1992). The
lengths of femur, tibia and third metatarsal of T. arvernensis fall
within the dimensional range of T. terrestris reported by Rustioni
(1992); the lengths of the lower tooth series (minimal and maxi-
mal values LP = 52–63.3 mm; minimal and maximal values LM =
56–69.3 mm; Rustioni, 1992) are instead sligthly smaller if com-
pared with those of T. terrestris (minimal and maximal values
LP = 55.9–67.1 mm; minimal and maximal values LM = 63–74.8
mm; Hulbert, 2010). The skull of T. arvernensis resembles T. indicus
with a few differences in the development of the tubera frontalis
(more prominent), the temporal fossae (narrower) and the zygo-
matic arches (stronger and lower) (Rustioni, 1992). The first upper
premolars of T. arvernensis are characterized by the presence of an
antero-lingual cuspule (Rustioni, 1992). The horizontal ramus of
the mandible is slender, with relatively convex or slightly convex
ventral border (Fig. 2). Several characters of this taxon have been
discussed by Rustioni (1992), Guérin and Eisenmann (1994), and
Guérin and Tsoukala (2013).

A scanty collection of specimens from Sarzanello (Pliocene, Val
di Magra, La Spezia; Liguria) were ascribed to Tapirus capellinii by
Del Campana (1910) and Tapirus sp. by Rustioni (1992). The mea-
surements reported by Capellini (1881) on the teeth collected at
Sarzanello fall within the metric ranges given by Eisenmann and
Guérin (1992: table 4) for T. arvernensis. Sarzanello has been listed
within the localities that yielded remains of T. arvernensis by
Guérin and Tsoukala (2013). The specimens are here referred to
T. cf. arvernensis pending observation of the original material (not
available at this time).

Family Rhinocerotidae Gray, 1821
Tribe Rhinocerotini Gray, 1821
Genus Stephanorhinus Kretzoi, 1942
Remarks: The debate on the taxonomic status of the European

Pleistocene fossil rhinoceroses has been recently summarized by
Pandolfi and Tagliacozzo (2015). Nevertheless, some issues con-
cerning the paraphyly of the genus have been previously raised
(Geraads, 1988; Heissig, 1999; Antoine and Saraç, 2005; Kirillova
et al., 2017; Cappellini et al., 2019; Pandolfi et al., 2020). The name
Stephanorhinus is maintained here at the generic level and includes
all the Pliocene-Pleistocene species as defined by Pandolfi and
Tagliacozzo (2015).
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Stephanorhinus jeanvireti (Guérin, 1972)
Fig. 3(A)
Type material: Skull and mandible (NMB Vt 627), stored at Nat-

ural History Museum Basel and figured in Guérin (1972: pp. 133-
136, pl. I).

Type locality and horizon: Vialette (Haute-Loire, France),
upper Pliocene.

Remarks: Ballatore and Breda (2016) suggested that S. elatus is
a valid species name and S. jeanvireti is its younger synonym.
Apparently, these conclusions follow the suggestion of a former
president of ICZN. Pandolfi et al. (2019), however, reported that
the name Rhinoceros elatus is regarded as a nomen dubium. We fol-
low Pandolfi et al. (2019), while the issue needs a full argumenta-
tion beyond the scope of the present article.

Stephanorhinus jeanvireti (Fig. 3(A)) has been usually confused
with the latest Miocene-early Pliocene ‘Dihoplus’ megarhinus
(Guérin, 1972, 1980; Pandolfi, 2013a; Pandolfi et al., 2015a, 2019).
The two species differmainly in the shape of the skull. In S. jeanvireti
the skull is characterized by: (i) the presence of a nasal septum; (ii)
thinner nasal bones; (iii) shorter occipital surface; and (iv) a nuchal
crest extended more posteriorly (Guérin, 1972, 1980; Guérin and
Tsoukala, 2013; Pandolfi et al., 2015a). The morphological differ-
ences between the mandibles of ‘D.’ megarhinus and S. jeanvireti
are less conspicuous and are represented by the orientation of the
anterior border of the vertical ramus (straighter in S. jeanvireti), par-
tially in the morphology of the ventral border of the horizontal
ramus, and in themorphologyof the incisive corpus (whichhowever
is usuallypoorlypreserved in fossil specimens). Thepresenceof inci-
sors has been used in the past as a distinctive difference between S.
jeanvireti and ‘D.’ megarhinus. Nevertheless, poorly-developed inci-
sors have been documented in a skull and mandible of S. jeanvireti
fromGreece (Guérin and Tsoukala, 2013), suggesting their presence
as a potentially-retained plesiomorphic feature within somes
Stephanorhinus representatives. The postcranial remains of S. jean-
vireti are generally slightly smaller than those of ‘D.’ megarhinus
and larger than those of S. etruscus. The morphological differences
between the postcranial remains of S. jeanvireti and other Pliocene
and Early Pleistocene rhinoceroses were summarized by Guérin
(1972), Guérin (1980), Lacombat and Mörs (2008), Guérin and
Tsoukala (2013), Pandolfi (2013a), Pandolfi et al. (2016), Pandolfi
et al. (2017a), Pandolfi et al. (2019), Pandolfi et al. (2020), Pandolfi
and Rook (2017), and Tsoukala (2018).

Stephanorhinus etruscus (Falconer, 1868)
Fig. 3(B-F)
Type material: Skull (IGF 756) stored at Museo di Storia Natu-

rale, sezione di Geologia e Paleontologia, Florence, Italy. Figured in
Falconer (1868: pp. 355-358, pl. XXVI, figs. 1-3, pl. XXVII, figs. 1
and 5).



Fig. 3. Villafranchian Rhinocerotidae from Italy. A. Stephanorhinus jeanvireti mandible from Monte San Pietro (MGC 9354), lateral view. B. Skull of Stephanorhinus etruscus
from Upper Valdarno (IGF 756), lateral view. C. Skull (IGF 3098) and mandible (IGF 2293V) of S. etruscus from Upper Valdarno. D. Crushed skull of S. etruscus from Pietrafitta
(MPLB n585), lateral view. E. Mandible of S. etruscus from Upper Valdarno (IGF 755), lateral view. F. Upper tooth series of S. etruscus from Upper Valdarno (NMB VA453),
occlusal view. Scale bars: 10 cm.

Fig. 4. Hipparion sp. from Montopoli, IGF 15315. A. Occlusal view. B. Labial view.
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Type locality and horizon: Upper Valdarno Basin (Tuscany,
Italy), Lower Pleistocene.

Remarks: Stephanorhinus etruscus (Falconer, 1868) is one of the
most abundant Early Pleistocene rhinoceroses (Falconer, 1868;
Guérin, 1980; Mazza, 1988; Cerdeño, 1992, 1993; Fortelius et al.,
1993; Lacombat, 2005; Pandolfi and Petronio, 2011a; Pandolfi
and Erten, 2017; Pandolfi et al., 2017a). The taxon is well known
in the Upper Valdarno Basin (Tuscany, Italy), specimens of which
were used by Falconer (1868) to establish the species. The species
is also abundant at the French locality of Senèze (Haute-Loire)
(Guérin, 1980), but an extensive systematic study of the material
collected from Senèze is still needed. The cranial and postcranial
material from the type area were described by Mazza (1988). The
species is generally smaller than other Pliocene and Early Pleis-
tocene Western Eurasian rhinoceroses (namely ‘D.’ megarhinus
and S. jeanvireti): the nasal septum is partially ossified, the nasal
bones are relatively wide, the occipital surface is subtrapezoidal,
the teeth are low-crowned with simple internal folds and relatively
simple ectoloph profile (not wavy or with several folds). According
to Heissig (1996), the Etruscan rhino is likely related to Dihoplus
pikermiensis but this hypothesis would benefit from the support
of a formal phylogenetic analysis. The taxon is unknown in Eastern
4

Eurasia (e.g., China) and the first occurrences are from Western
Europe and date back to the late Pliocene (Pandolfi et al., 2017a).

Family Equidae Gray, 1821
Subfamily Equinae Steinmann and Doderlein, 1890
Tribe Hipparionini Quinn, 1955
Genus Hipparion Christol, 1832
‘Hipparion’ sp.
Fig. 4
Scale bar: 2 cm.
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Remarks: An incomplete M1 from the site of Montopoli Val
d’Arno (MNQ16b, following Guérin, 1982) has been identified as
‘Hipparion’ sp. by Rook et al. (2017), albeit the identification of
the specimen was informally made by Prof. Claudio De Giuli
(University of Florence, Italy), as evidenced by his unpublished
notes. The tooth, missing its entire lingual side (Fig. 4(A)), exhibits
a smaller size and a different occlusal morphology from the other
large monodactyl horse reported from the same site, Equus cf.
livenzovensis (Azzaroli, 2000; Bernor et al., 2018). The morphology
of the occlusal surface, even if characterized by a relatively
advanced stage of wear, shows a small number of plications of
pre- and postfossettes, different from Equus representatives.

Genus Equus Linnaeus, 1758
Equus livenzovensis Bajgusheva, 1978
Type material: A fragmentary skull, L-4, stored in the Etho-

graphic Museum Collection (POMK), Livensovka, Rostov. Figured
in Bajgusheava (1978: fig. 1, p. 98).

Type horizon: Lower Pleistocene.
Type locality: Livenzovka, Southern Russia.
Remarks: Equus cf. livenzovensis Bajgusheava, 1978, occurs at

Montopoli, Italy in the so-called Montopoli FU (MNQ16b;
2.58 Ma). Even if its presence was reported in several papers
(Azzaroli, 1982, 2000, 2003; De Giuli, 1972; Alberdi et al., 1998;
Alberdi and Palombo, 2013b; Palombo and Alberdi, 2017), the first
detailed description was given in Bernor et al. (2018), wherein a
complement of anterior and posterior first and second phalanges
of the central digit (IGF11224, IGF11225, IGF11074) were
described and compared to other extant and fossil horses. Mon-
topoli Equus cf. livenzovensis is characterized by its very large size
compared to all other European stenonine horses. Bernor et al.
(2018) demonstrated that the Montopoli sample shares large size
and morphological proportions comparable with Equus livenzoven-
sis from Khapry, near the Azov Sea, and the locality of Livensovka,
Rostov on Don (Bajgusheava, 1971, Bajgusheava, 1978). The statis-
tical analyses have revealed that the anterior and posterior 1PHIII
and 2PHIII are the largest of an extensive comparative sample
which included the very large Equus eisenmannae from Londgan
(Linxia Basin, China; 2.55–1.85 Ma; Qiu et al., 2004; Wang and
Deng, 2011). The holotype skull of E. livenzovensis has a morphol-
ogy and size comparable with the 3.3 myr-old Hagerman Horse
fauna E. simplicidens (Idaho, USA), eventhough the limb bones are
larger. The E. livenzovensis skull exhibits a well-developed preor-
bital fossa with accompanying medial nasal groove while the den-
tition’s occlusal morphology exhibits the typical stenonine pattern,
with a short protocone in the upper teeth and deep ectoflexid in
the lower teeth (Alberdi et al., 1998). Remains ascribed to E. cf.
livenzovensis are also cited at Cava Toppetti, an Early Pleistocene
locality in the Tiber basin (Umbria), correlated with Montopoli
FU (Sardella et al., 1996).

Equus senezensis aff. Equus senezensis stehlini
Remarks: Palombo et al. (2017) report a slender medium-

sized horse from the site of Coste San Giacomo (CSG, central
Italy, Anagni Basin), smaller than the ‘‘Equus stenonis group”
and comparable to the medium-sized horse Equus senezensis from
the locality of Senèze (France). The attribution to Equus senezensis
aff. E. senezensis stehlini is supported by dental and postcranial
specimens. Eventhough the sample is ‘‘scanty and poorly pre-
served” (Palombo et al., 2017), it is important because it repre-
sents the first occurrence of E. senezensis outside the locality of
Senèze. Morphologically, E. senezensis exhibits the following char-
acters: relatively long and narrow skull with a short muzzle; the
occlusal pattern of the mandibular cheek teeth is typically
stenonine, but smaller in size; the postcrania show a slender
morphology, and its range of variability is between that of the
larger E. stenonis and the smaller E. altidens (Alberdi et al.,
5

1998). Recently, a new finding reported in Bernor et al. (2019)
of an incomplete third metatarsal from the locality of Montecarlo
(Upper Valdarno Basin; 2.4–2.2 Ma; Ghinassi et al., 2005) exhibits
a morphology and dimensions equivalent to the sample from CSG
and to the sample of Equus stehlini Azzaroli, 1964 from Casa Frata
(1.8 Ma). These new findings could provide new insights on this
small Villafranchian Equus, allowing its recognition elsewhere at
this time.

Equus stenonis Cocchi, 1867
Fig. 5
Type material: skull and mandible, IGF 560, stored at Museo di

Storia Naturale dell’Università degli Studi di Firenze, Sezione di
Geologia e Paleontologia, Florence, Italy. Figured in Azzaroli,
1964 (pl. I, fig. 3; pl. II, figs. 1, 1a; pl. IV, figs. 1, 1a; pl. V, figs. 1, 1a).

Type horizon: Lower Pleistocene.
Type locality: Terranuova, Upper Valdarno Basin.
Remarks: Equus stenonis Cocchi, 1867 (Fig. 5) is a large fossil

species, recorded in several Italian Villafranchian localities, mainly
belonging to Olivola and Tasso FUs (2.0–1.8 Ma). The holotype (IGF
560) was discovered near Terranova (Arezzo, Tuscany), a 1.8 Ma
fossil locality in the Upper Valdarno basin in central Italy; it is
housed in the Natural History Museum in Florence. Cocchi (1867)
named the species and the holotype was described by Forsyth
Major (1885) and then in more details by Azzaroli (1964). This spe-
cies is characterized by heavy proportions, bigger than E. senezensis
but slenderer than E. livenzovenzis, which probably gave origin to
the European ancestral stock for the radiation of the ‘‘E. stenonis
group”. Indeed, E. stenonis shares some morphological features
close to the holotype of E. livenzovenisis Bajgusheava, 1978, but it
is smaller in size. The holotype of E. stenonis consists of a complete
skull with associated mandible, even if the skull is distorted in lat-
eral view. The skull has an elongated snout with a large canine,
indicative of an adult male. The nasal bones are retracted to the
level of P3 mesostyle. The preorbital fossa is faintly delimited as
a depression on the postero-superior aspect of the maxilla, and
the facial maxillary crest is strongly developed. The snout is elon-
gate with an arcuate incisor arcade. The maxillary cheek teeth
include dP1-M3 with M3 in wear and have the following salient
features: dP1 is small and rounded; P2 has a short anterostyle;
all cheek teeth have protocone short with linkage to the protoloph;
pli-caballins are single on all cheek teeth; fossettes are well devel-
oped on P2-P4 and M2, lesser developed onM1 andM3; hypoglyph
is moderately deep on P2-M2 and not expressed on M3. The orig-
inal mandible is missing and has been replaced with a cast com-
plete on the right side. The enamel morphology of the
mandibular dentition exhibits the following salient characters:
p2 with short anterostyle, metaconids rounded and metastylids
with some distal squaring; linguaflexids are uniformly V-shaped
as diagnostic of stenonine horses (modified from Alberdi et al.,
1998; Bernor et al., 2019; Cirilli et al., 2020). Postcranial bones
are heavily built; dimensions are smaller than E. livenzovensis but
larger than E. senezensis and E. altidens.

Equus stehlini Azzaroli, 1964
Fig. 6
Type material: skull IGF 563, stored at Museo di Storia Naturale

dell’Università degli Studi di Firenze, Sezione di Geologia e Paleon-
tologia, Florence, Italy. Figured in Azzaroli, 1964 (pl. II, figs. 2, 2a;
pl. III, figs. 2, 2a; pl. IV, fig. 3; pl. V, fig. 4).

Type horizon: Lower Pleistocene.
Type locality: Terranuova, Upper Valdarno Basin.
Remarks: Equus stehlini Azzaroli, 1964 (Fig. 6), also known with

the synonym Equus senezensis stehlini (Alberdi et al., 1988;
Palombo et al., 2017), is the second Villafranchian horse discovered
in the Upper Valdarno Basin (Tuscany). The holotype is the skull,



Fig. 5. Equus stenonis. A-D. E. stenonis Cocchi, 1867, IGF 560, holotype, Terranuova, Upper Valdarno Basin. A: skull, lateral view; B: skull, occlusal view; C: mandible, lateral
view; D: mandible, occlusal view. E-H. E. stenonis, Olivola. E, F: skull IGF 11023 in lateral (E) and occlusal (F) views; G, H: mandible IGF 11024 in lateral (G) and occlusal (H)
views. Scale bars: 10 cm.

Fig. 6. Equus stehlini Azzaroli, 1964, IGF 563, holotype; Terranuova, Upper Valdarno
Basin. A. skull, lateral view. B. Skull, occlusal view. Scale bar: 10 cm.
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IGF 563, is an old male with overall smaller dimensions than E. ste-
nonis. It was recognized for the first time by Stehlin and Graziosi
(1935) from a mandible housed in the NMB collection, and identi-
fied as Equus cf. hydruntinus. Later, Azzaroli (1964) formally recog-
nized E. stehlini as a valid species name based on the holotype and
several postcranial specimens. The holotype skull of E. stehlini has a
complete snout and orbit but the posterior braincase is missing.
The nasal notch extends to P3 mesostyle, as in E. stenonis. The max-
6

illa is crushed and may have had a faintly-developed preorbital
fossa high and posteriorly placed on the maxilla. The cheek teeth
are very worn and the cusps are heavily worn. In ventral view,
the snout is relatively short and broad. The incisor arcade is arcuate
and incisors are heavily worn, not preserving infundibula. On both
the right and left sides, the cheek tooth occlusal surfaces are so
worn that they do not preserve any meaningful morphological
details except on M2 and M3, showing simple fossette ornamenta-
tion (modified from Alberdi et al., 1998; Bernor et al., 2019). The
forelimb bones have shorter and slenderer dimensions than most
of the entire European stenonine group.

While Equus stehlini is less common than Equus stenonis in the
Upper Valdarno Basin and other middle Villafranchian localities,
it is identified from the locality of Casa Frata, which is correlative
with the Tasso Faunal Unit, 1.8 Ma (De Giuli and Masini, 1986;
Rook and Martínez-Navarro, 2010). Nevertheless, its origin and
phylogenetic relationships with other Villafranchian Equus is not
yet fully understood. Azzaroli (1964) recognized some asinine
and stenonine features on the type skull and interpreted this spe-
cies as being derived from Equus stenonis. Later, Azzaroli (1982),
Azzaroli (1989) noted that E. stehlini could share many cranial spe-
cializations with Equus senezensis from the type locality of Senèze.
Alberdi et al. (1998) considered this horse as a subspecies of E.
senezensis. De Giuli (1972) and Delson et al. (2006) both reported
the presence of E. stehlini from Senèze in association with E.
senezensis. Even if a close relationship with E. senezensis is notice-
able (see below, Morphometry and evolutionary trends), which
could suggest to consider E. stehlini as a small population or a sub-
species of E. senezensis, based on present knowledge we prefer to
maintain the species level for E. stehlini, despite more extensive
studies are needed to resolve this topic.
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Equus suessenbornensis Wust, 1900
Type material: left maxilla with P2-M3, IQM 1964/1177, stored

at Institut fur Geowissenchaften Bereich Quartarpaleontolgie, Wei-
mar (Germany). Figured in Musil (1969: p. 645, fig. 11).

Type horizon: Lower and Middle Pleistocene.
Type locality: Süssenborn, Germany.
Remarks: Equus suessenbornensis Wust, 1900, is a large horse,

mainly reported from the Italian Galerian localities of Slivia and
Venosa Loreto, Middle Pleistocene (Alberdi and Palombo, 2013b).
It differs from E. stenonis and E. livenzovensis in having more com-
plex enamel plications in the upper and lower teeth. Moreover, the
morphology of its dentition shows a mixture of stenonine and
caballine features. Caballine features are the asymmetrical long
and large protocone and the large mesostyle in the upper denti-
tion; stenonine characters are the elevated number of plications
in pre- and postfossette in upper teeth, and the V-shape lin-
guaflexid between the metaconid–metastylid (double knot) in
the lower teeth (see Musil, 1969, p. 646, fig. 11, E. suessenbornensis
lectotype). The E. suessenbornensis postcranial bones are long and
massive, larger than those of E. livenzovenis and E. stenonis, and
slightly narrower than E. major Delafond and Depéret, 1893. The
phylogenetic relationships of E. suessenbornensis with other Vil-
lafranchian stenonine horses are still not completely resolved.
Musil (1969) did not recognize any morphological similarities with
E. stenonis. Nobis (1971), Samson (1975) and Azzaroli (1984),
Azzaroli (2003) consider this species derived from E. stenonis, due
to the size similarity and the complicated occlusal morphology of
the cheek teeth. Gromova (1949) considered this species to be a
caballoid horse. Alberdi et al. (1998) ascribed it to a secondary lin-
eage E. major–E. suessenbornensis derived from the ancestral Euro-
pean population of E. livenzovensis, evolutionarily separated from
the E. stenonis clade. Although some dental features could link E.
suessenbornensis to primitive caballine horses, this species shares
many morphological characteristics with the most advanced
stenonine horses. Alberdi et al. (1998) argued that E. suessenbor-
nensis should be considered to be a true stenonine horse.
Fig. 7. Equus altidens, Pirro Nord. A. Right maxilla, SN6, labial view. B. Mand
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Equus altidens von Reichenau, 1915
Fig. 7
Type material: right p2, stored at the Universitat Halle a.d.

Saale Collection. Figured in von Reichenau (1915: pl. 6, fig. 17)
and designated in Schwarz (1928: p. 437).

Type horizon: Lower and Middle Pleistocene.
Type locality: Süssenborn, Germany.
Remarks: Equus altidens von Reichenau, 1915 (Fig. 7) is a slen-

der stenonine horse well documented from Middle Pleistocene
European localities. In Italy, it is recorded from the Galerian local-
ities of Slivia, Ponte Galeria and Venosa-Loreto (Alberdi and
Palombo, 2013b). Equus altidens exhibits a close morphological
similarity to E. stenonis, eventhough it is smaller in size. The
enamel morphology exhibits the typical stenonine pattern, with
triangular and flattened protocone on the lingual side of the upper
cheek teeth and V-shaped linguaflexid between the metaconid and
metastylid in the lower cheek teeth. The post-protoconal groove is
somewhat deep and the pli-caballin is sometimes obliterated in
worn maxillary cheek teeth. The morphology of the protocone gen-
erally extends more distally than in E. stenonis. MCIIIs and MTIIIs
are slenderer than in other stenonine species, including E. senezen-
sis. Researchers disagree about the origin of this species. Most
authors believe it to be a small stenonine horse (Alberdi et al.,
1998). Others consider E. altidens to be part of the ‘‘non-
stenonine” group, and probably related to E. numidicus from the
Early Pleistocene of Africa (Guerrero-Alba and Palmqvist, 1997;
Alberdi and Palombo, 2013b).

4. Biochronology

4.1. Tapiridae

So far, Tapirus arvernensis has been reported in France, Spain,
Netherlands, Slovakia, Hungary, Romania and Greece (Fejfar,
1964; Heintz et al., 1974; Jánossy and Krolopp, 1981; Rustioni,
1992; Radulescu et al., 2003; Made and Stefanovic, 2006; Gómez
ible P771, labial view. C. Mandible PN499, labial view. Scale bar: 10 cm.
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de Soler et al., 2012; Guérin and Tsoukala, 2013). Tapir remains
tentatively referred to T. arvernensis are recorded in Italy from a
few latest Miocene localities: at Il Casino (Siena) and Baccinello
V3 (Grosseto), both assigned to MN13 (Pantanelli, 1879; Del
Campana, 1910; Hürzeler and Engesser, 1976; Rook and Rustioni,
1991; Rustioni, 1992). Almost all the specimens of Pliocene tapir
collected in Italy were attributed to T. arvernensis (Meneghini,
1880; Del Campana, 1910; Sala et al., 1990; Rustioni, 1992;
Dominici et al., 1995; Rustioni and Mazza, 2001; Petronio et al.,
2011; Pandolfi and Kotsakis, 2016). In Piedmont, T. arvernensis
has been reported at Villafranca d’Asti (Asti). In Liguria it is found
at Ponzano di Magra (La Spezia). In Emilia Romagna it is found at
Livergnana and Sasso di Glosina (Bologna) and Vignola (Modena).
In Tuscany, it is found at Castelnuovo Garfagnana (Lucca), Pieve
Fosciana (Lucca), Barga (Lucca), Casenuove (Empoli), Gaville (Flor-
ence), Santa Barbara (Arezzo), Monticchiello (Siena) and in Umbria
at Spoleto-Santa Croce (Spoleto) (Table S1, Appendix A). The pres-
ence of a tapir at Poggio Mirteto/Castel San Pietro (Rieti, Latium) or
Nera Montoro (Terni, Umbria) has been recently discussed by
Pandolfi and Kotsakis (2016) and Pandolfi et al. (2017b). The tapir
has never been recorded South of the Spoleto lignite deposits in
Umbria.

Tapirus arvernensis became extinct in Italy at the end of the Plio-
cene, at the transition from the Triversa FU to the Montopoli FU
(Fig. 8). Accordingly, Tapirus can be considered an important
biochronological marker that discriminates between the latest
Pliocene and earliest Pleistocene faunal complexes and therefore
between the early and middle Villafranchian assemblages. Due to
the scarcity of remains of tapir in Italy, new data are relatively poor
in respect to those published by Rustioni (1992) and the taxon has
been only reported in a few localities during the past 27 years.
However, we reported here a comprehensive overview of the
occurrences of this species, with new ages for some localities.
Fig. 8. Biochronology of the Villafranchian perissodactyls of Italy, with Italian localities
(1997), Rook and Martínez-Navarro (2010) and Petronio et al. (2011).
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4.2. Rhinocerotidae

Stephanorhinus jeanvireti is relatively poorly documented in
Eurasia with respect to S. etruscus. The fossil record of S. jeanvireti
has been recently summarized by Pandolfi et al. (2019) who
located the western limit of the geographic distribution at the
north-easternmost part of the Iberian Peninsula (Camp dels Ninots,
Girona) and its eastern limit in Romania. The species has been con-
firmed in France (MNQ16a, MNQ16b), Spain (MNQ15-MNQ16
transition), Germany (MNQ16), Slovakia (MNQ16a, MNQ16b/17a),
Bulgaria (second half of MNQ15), Hungary (early Villafranchian),
Greece (MNQ16) and Romania (MNQ16a, final part of MNQ17 or
the first half of MNQ18) (Guérin, 1972, 1980; Lacombat and
Mörs, 2008; Vlačiky et al., 2008; Guérin and Tsoukala, 2013;
Pandolfi, 2013; Šujan et al., 2013; Ros-Montoya et al., 2017;
Pandolfi et al., 2019).

Stephanorhinus jeanvireti is relatively scarce in Italy compared
to other species of the same genus such as S. etruscus, S. hund-
sheimensis, S. kirchbergensis and S. hemitoechus (e.g., Guérin,
1980; Mazza, 1988; Sala and Fortelius, 1993; Mazza and Varola,
1999; Pandolfi and Petronio, 2011a, 2011b; Pandolfi, 2013b;
Pandolfi and Tagliacozzo, 2013, 2015; Pandolfi and Marra, 2015;
Pandolfi et al., 2015a, 2015b, 2017a, 2017b). In Piedmont, a few
remains (teeth) from Incisa Belbo, Dusino San Paolo and Castello
d’Annone are referred to S. jeanvireti by Szabó et al. (2017), whilst
at Roatto the species is well-documented by an almost complete
skeleton (Campanino et al., 1994). Some remains housed at NMB
(a lower molar, a radius, an MCIII, an MCIV and an astragalus lack-
ing collection number) and recovered at Villafranca d’Asti (Asti,
Piedmont) are here referred to S. jeanvireti. At Monte Pulgnasco
(Piacenza, Emilia-Romagna), a mandible (cast housed as MGC
9352 and IGF 4684) displays a high ratio between the length of
p3-p4 and the length of the molars (Lp3-p4/Lmolars), which is a
correlated with Eurasian localities. Update of the fossil record from Gliozzi et al.
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distinctive character of S. jeanvireti. The species is documented by a
well-preserved astragalus (MGC without specimen number) at
Pradalbino (Bologna, Emilia-Romagna; Capellini, 1894) and by a
distal epiphysis and a very damaged proximal epiphysis of
humerus (MGC without specimen number), probably belonging
to the same individual, at Monte Pastore (Bologna, Emilia-
Romagna). An almost complete mandible (MGC 9354) recovered
at Monte San Pietro (Bologna, Emilia-Romagna; Capellini,1920)
and a fragmentary mandible (IGF 1449v) from Capannoli (Lower
Valdarno) can be referred to S. jeanvireti. Two almost complete
forelimbs, two almost complete hindlimbs, two incomplete lower
cheek teeth, and a fragmentary skull of a young individual, housed
at IGF, have been collected from Montopoli (Lower Valdarno, Tus-
cany; Azzaroli, 1962; Guérin, 1980; Pandolfi, 2013a). The four
almost complete limbs and the two cheek teeth (IGF 1075) proba-
bly belong to the same adult individual; they have been recovered
during the paleontological excavations of Forsyth Major in 1877–
1880. Based on the morphological characteristics of the specimens,
the attribution to S. jeanvireti is confirmed. The fragmentary skull
(IGF 14869), referred to S. jeanvireti, is under study by one of us
(LP). The last occurrence of S. jeanvireti in Europe has been usually
reported at the Pliocene-Pleistocene transition. Nevertheless,
Pandolfi et al. (2019) recently recorded its presence in a middle Vil-
lafranchian assemblage in Romania, extending the biochronologi-
cal range of this species until the first half of the Early Pleistocene.

According to Guérin (1980) and Pandolfi (2013a), Stephanorhinus
etruscus occurred in Italy during the latest Pliocene (MN16a) in the
site of Villafranca d’Asti and around the Pliocene-Pleistocene transi-
tion (MN16b) at Montopoli. The isolated remains from Villafranca
d’Asti (housed at NMB) come from an undefined stratigraphic level,
and an attribution to an age younger than the early Villafranchian
cannotbe excluded (Pandolfiet al., 2017a). TheEtruscan rhino is rep-
resented only by one astragalus (IGF 1452V) and a fragmentary
metatarsal (IGF 4688V) from the site of Montopoli (where S. jean-
vireti is also present; Pandolfi, 2013a). Stephanorhinus etruscus is also
reported in latest Pliocene deposits of Castelnuovo di Barardenga
Scalo (Siena Province; Pandolfi et al., 2017a).

Papers published several years ago (e.g., Rustioni et al., 1996)
denied the presence of Stephanorhinus etruscus in the early Vil-
lafranchian, but investigators lacked new data about fossil rhino-
ceroses published during the past 20 years and the new
considerations about material and localities. Indeed, knowledge
about fossils increased substantially after the 1990s. Stephanorhi-
nus etruscus is recorded in a number of early late Villafranchian
localities (assigned to the Olivola and Tasso FUs; Guérin, 1980;
Mazza, 1988; Cerdeño, 1992; Pandolfi et al., 2017a), in particular
from Tuscany. The latest Villafranchian Italian rhinoceroses from
Pirro Nord (Foggia Province, southern Italy), Madonna della Strada
(L’Aquila Province, central Italy), Imola Basin (Imola Province,
northern Italy) and Pietrafitta (Perugia Province, central Italy) can
be assigned to S. etruscus (Pandolfi and Petronio, 2011a; Pandolfi
et al., 2017a). Nevertheless, Pandolfi et al. (2017a) also recognized
that a mounted skeleton of one individual housed at MPLBP and
collected from a clay level of Pietrafitta displays some differences
with S. etruscus, being more similar to S. hundsheimensis. This
would mean that both species may have been present at Pietrafitta,
coming from two distinct fossiliferous levels. Further investiga-
tions are needed to clarify this point. The occurrence of
Stephanorhinus hundsheimensis at Leffe (Bergamo Province) repre-
sents the earliest record of this species in northern Italy (Pandolfi
and Erten, 2017) whereas S. etruscus persisted in central Italy until
the end of the Early Pleistocene (e.g., Monte delle Piche, Rome;
Pandolfi and Marra, 2015). Pandolfi and Marra (2015) and
Pandolfi et al. (2015b), Pandolfi et al. (2017a) suggested that
Stephanorhinus etruscus was the sole rhinoceros species in Western
Europe from ca. 2.5 Ma (last occurrence of S. jeanvireti) to 1.5 Ma
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(first occurrence of S. hundsheimensis; Pandolfi and Erten, 2017).
Indeed, until the discovery of S. jeanvireti remains from Lower
Pleistocene deposits of Romania, there were no other rhinos in
Western Eurasia during that time span. The present knowledge
of S. jeanvireti and S. etruscus in the Italian fossil record is shown
in Fig. 8, with the new updates from Pandolfi (2013) and Pandolfi
et al. (2017a), Pandolfi et al. (2019).

4.3. Equidae

The Italian Villafranchian fossil Equidae include the genera ‘Hip-
parion’ and Equus. The Equus Datum is represented at the site of
Montopoli, which is known as the earliest occurrence of the genus
in Italy (Lindsay et al., 1980; Azzaroli, 1983; Bernor et al., 2018).
The occurrence of ‘Hipparion’ has been reported for the first time
from Montopoli FU (MNQ16b; Rook et al., 2017). The fossil record
of Equus spans from the Montopoli FU through the entire Vil-
lafranchian, Galerian, and Aurelian; the occurrence in the site of
Montopoli Val d’Arno of the large monodactyl Equus cf. livenzoven-
sis allowed Azzaroli (1983) to recognize the so-called Elephant-
Equus event, characterizing the beginning of the Pleistocene. Even
if the Equus Datum is recorded in many localities in the Old World
and was heralded as a synchronous event (Lindsay et al., 1980),
Rook et al. (2019) have shown that this extension can be verified
at the genus level, but not at the species one. The ‘‘Equus Datum”
reflects a regional-intercontinental event with an estimated age
of 2.58 Ma in Europe, 2.55 Ma in the Linxia Basin, China, and
2.33 Ma in Ethiopia. The Villafranchian Equidae species recorded
in the Italian sites have been referred to ‘Hipparion’ sp., Equus cf.
livenzovensis, Equus senezensis aff. Equus senezensis stehlini, Equus
stenonis, Equus stehlini, Equus suessenbornensis, and Equus altidens.

Hipparionine horses first occurred in Europe between 11.4 and
11.0 Ma in the Vienna Pannonian C Basin (Bernor et al., 1988, 2017;
Woodburne, 2007, 2009). The primitive radiation of the hipparion-
ine horses through the Old World from North America have been
identified as the Cormohipparion Datum (Berggren and Van
Couvering, 1974; Bernor et al., 2017). ‘Hipparion’ diversification
reached its maximum in the late Miocene and, by a relatively brief
time span, had a collapse in diversity at the end of the late Miocene
(Bernor et al., 1996, 2010; Eronen et al., 2009). During the Pliocene,
few lineages of Old World ‘Hipparion’ survived and the extension of
the Chinese lineages of Plesiohipparion and Proboscidipparion into
Turkey and Plesiohipparion into Spain was accompanied with the
extinction of the most common western Eurasian hipparionine
genera, namely Hippotherium, Cremohipparion, Sivalhippus and Hip-
parion s.s. (Bernor and Lipscomb, 1991; Bernor and Sun, 2015;
Bernor et al., 2015; Bernor and Sen, 2017).

Bernor and Lipscomb (1991) identified an hipparionine horse
from Gulyazi, Turkey, as Plesiohipparion aff. huangheense, co-
occurring with Equus at ca. 2.6 Ma. Plesiohipparion huangheense is
also known from the early middle Villafranchian of China
(MN16b, ca. 2.5 Ma), likewise co-occurring with the genus Equus
(Qiu et al., 1988). Plesiohipparion huangheense has also been
reported from the Tatrot Fm., India (Jukar et al., 2018). The pres-
ence of an ‘Hipparion’ sp. co-occurring with Equus livenzovensis in
the Montopoli FU is correlated with fragmentary remains of Plesio-
hipparion cf. P. rocinantis from the French locality of Roca-Neyra
(dated at 2.6 ± 0.02 Ma; Nomade et al., 2014; Cirilli et al., in
press). Other Villafranchian occurrences of ‘Hipparion’ in Europe
include the Red Crag (Suffolk, England; ca. 3 Ma), Hungary (‘Hip-
parion’ moritorum, early Villafranchian, ca. 2.6 Ma), Sésklo (Plesio-
hipparion cf. shanxiense, early Villafranchian, MNQ16b;
Athanassiou, 2018) and Villaroya, Spain (‘Hipparion’ rocinantis,
2.1 Ma). The Villaroya ‘Hipparion’ has been dated magnetostrati-
graphically at 2.1 Ma by Pueyo et al. (2016) and is the youngest
European ‘Hipparion’, referred to Plesiohipparion (Bernor and Sun,



O. Cirilli, L. Pandolfi and R.L. Bernor Geobios 63 (2020) 1–21
2015; Bernor et al., 2015). Recently, Cirilli et al., (in press) have rec-
ognized the occurrence of multiple Hipparionine lineages in the
Plio-Pleistocene of Europe, with the species Proboscidipparion cras-
sum from Perpignan (France), Suffolk, Red Crag (England) and pos-
sibly Dorkovo (Bulgaria), and Plesiohipparion rocinantis from
Kvabebi (Georgia), Roca-Neyra (France) and Villarroya (Spain). As
previously discussed above, the Montooli’s fragmentary tooth
remains quite enigmatic, albeit a possible genus level referral could
be ?Cremohipparion. Indeed, Cirilli et al., (in press) have discussed
the posssible occurrence of the genus Cremohipparion in the Plio-
cene of Layna, due the morphology shown by the species "Hippar-
ion" fissurae. Therefore, it can not be excluded that the genus
Cremohipparion survived in the late Pliocene and Early Plesistocene
of Europe represented by the Spanish and Italian samples.

Equus cf. livenzovensis at Montopoli occurs at the beginning of
the Pleistocene; the faunal turnover recorded at Montopoli is
marked with the disappearance of warm forest species such as
Tapirus arvernensis,Mammut borsoni, Sus arvernensis and Ursus min-
imus, and the first occurrence in the Villafranchian record of Mam-
muthus gromovi, Stephanorhinus etruscus, Eucladoceros falconeri,
Gazella borbonica, and Equus cf. livenzovensis. In Europe, E. liven-
zovensis is recorded from the Spanish localities of El Rincón-1
and Huelago (Alberdi et al., 1997; Palombo and Alberdi, 2017),
the France locality of Roca-Neyra (Cirilli et al., in press) and Livent-
sovka (Azzaroli, 2000). The Spanish locality El Rincón-1 shares a
number of taxa found at Montopoli (2.58 Ma): Nyctereutes mega-
mastoides, Stephanorhinus estruscus, and Gazella borbonica. These
Italian and Spanish Early Pleistocene localities record the western-
most extension of E. livenzovensis in Europe.

Equus senezensis, preliminary identified in the Italian fossil
record as Equus senezensis aff. Equus senezensis stehlini (Palombo
et al., 2017), has been reported for the first time in Italy from Coste
San Giacomo (CSG), dated at ca. 2.1 Ma (Bellucci et al., 2012, 2014).
This datum represents the first occurrence of this species (E.
senezensis) apart from the locality of Senèze which could suggest
an early biogeographic dispersion of these Villafranchian
medium-small-sized horses. Indeed, this identification seems to
be well supported also from other evidence; the locality of CSG
shares some taxa with the assemblage from Senèze such as Anan-
cus arvernensis, and pollen data reveal a similar environmental set-
ting for both localities (Palombo et al., 2017). The discovery of
another medium-sized horse at the locality of Montecarlo, Upper
Valdarno Basin (2.4–2.2 Ma; Ghinassi et al., 2005), preliminarily
reported by Bernor et al. (2019), re-opened the debate on the first
appearance and evolutionary relationships of the small Vil-
lafranchian horses in Europe. Furthermore, the presence of Anancus
arvernensis andMimomys polonicus in Montecarlo testifies to faunal
similarities with CSG. These recent discoveries might be indicative
of the presence of small Villafranchian horses earlier than in the
Tasso FU (MNQ18, 1.8–1.6 Ma), as described in Palombo et al.
(2017). The new geochronological age of the localities of Senèze
reported in Nomade et al. (2014) upholds the hypothesis that the
French and Italian Villafranchian localities could share a similar
fossil record on the dispersion of the medium-sized horses, and
their origin and evolution could be congruent with the MNQ17b–
MNQ18 boundary.

Equus stenonis is one of the most common horses in middle Vil-
lafranchian European localities. The new calibration at 2.5 Ma of
the French locality of Saint-Vallier (Nomade et al., 2014) includes
the occurrence of Equus stenonis vireti Prat, 1964, and as such, it
is probably the oldest evidence of this species in Europe.
Eisenmann (2004) has argued that its morphology is intermediate
between E. livenzovensis and E. stenonis stenonis from the Upper
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Valdarno Basin. The European middle to late Villafranchian horses
referred to E. stenonis differ in size and body proportions, while
exhibiting a similar bauplan. For this reason, several subspecies
have been proposed for E. stenonis (Equus s. livenzovenzis, E. s. ste-
nonis, E. s. olivolanus, E. s. vireti, E. s. pueblensis, E. s. guthi, E. s.
senezensis, and E. s. mygdoniensis). Even if the validity of these sub-
species is still a matter of debate (Bernor et al., 2019) they show
close morphological features and their range of morphometric
variability largely overlaps. Recently, Cherin et al., (2020) have
reported the new occurrence of E. stenonis from the Italian Early
Pleistocene locality of Pantalla (Central Italy).

Equus stehlini occurs at the locality of Casa Frata, Upper Valdarno
Basin (De Giuli and Masini, 1986). This locality yielded a relevant
number of Villafranchian taxa, many of these already reported in
the Olivola FU, but the occurrences of some new species as Praeovi-
bos sp., Leptobos vallisarni, Pseudodamaeurygonos-farnetensis, Lycaon
falconeri, in addition to E. stehlini, define the Tasso FU (Rook and
Martínez-Navarro, 2010). The co-occurrences of E. stehlini and E. ste-
nonishas been discussed byAzzaroli (1982). He hypothesized that E.
stenonisandE. stehlini could share the samehabitat butdidnot live in
the same association, in contrast with the Middle and Late Pleis-
tocene fossil record, where large- and medium-size species (e.g., E.
suessenbornensis/E. altidens–E. ferus/E. hydruntinus) have been found
in the same assemblages. This latter ecological perspective is also
typical of the extantwild zebras E. grevyi and E. quagga, which some-
times overlap their geographic ranges. This review of the Vil-
lafranchian horses housed in IGF has revealed that some
specimens identifiedas E. stehliniandE. stenonis come fromthe same
Upper Valdarno localities (e.g., Terranuova and Le Ville; Table S1,
Appendix A). This could be due to an ecological sympatry similar
to that of Middle and Late Pleistocene horses.

The fossil record of Equus suessenbornenis in Italy has been
improved with the identification of some specimens from the
locality of Selvella-Gioiella (Val di Chiana, Tuscany; Farneta FU)
and from Pirro Nord (Apulia; Alberdi and Palombo, 2013a). The
probable occurrence of E. suessenbornensis in the Pleistocene
deposits from Val di Chiana was preliminary discussed by De
Giuli (1986), even if the author identified the corresponding sam-
ple as belonging to E. cf. stenonis. Alberdi and Palombo (2013b)
have considered the Selvella-Gioiella horse fauna equivalent with
the large horse from Süssenborn (Germany) in morphology and
size, and confirmed its occurrence in the Farneta FU. Moreover,
the occurrence of E. suessenbornenis is also reported from Pirro
Nord (Alberdi and Palombo, 2013a). The E. suessenbornesis occur-
rence in the Farneta and Pirro Nord represents the oldest strati-
graphical datum of this species in Western Europe.

Equus altidens first occurs alongside E. suessenbornensis in the
Farneta and Pirro Nord FU; it likewise correlates with the early late
Villafranchian composite fauna. As reported in Rook and Martínez-
Navarro (2010), the Pirro Nord FU marks the arrival of new taxa in
addition to E. altidens, as Praemegaceros verticornis, Lycaon lycao-
nides and Theropithecus sp. The FAD of E. altidens during the Vil-
lafranchian of Italy is reported from the localities of Selvella-
Gioiella and Pirro Nord, both with E. suessenbornensis. However,
if the presence of the large E. suessenbornensis is still somewhat
controversial and debated by different authors, the occurrence of
the slender horse E. altidens in the Farneta and Pirro Nord was pre-
liminary hypothesized by De Giuli (1986) and De Giuli et al. (1986),
and later confirmed by Alberdi and Palombo (2013a).

The newbiochronological occurrences of ‘Hipparion’ and Equus in
the Italian Villafranchian fossil record are summarized in Fig. 8,with
thenewupdates fromAlberdi andPalombo(2013a, b), Palomboet al.
(2017), Rook et al. (2017), and Bernor et al. (2018).



ig. 9. Comparative dimensions of Villafranchian Stephanorhnus etruscus and S.
anvireti. A. Plot of the maximal length (Lmax) and distal transverse diameter
DTD) of MCIV of S. etruscus (circle) and S. jeanvireti (triangle). B. Plot of the
aximal distal transverse diameter (DTD) and distal antero-posterior diameter

DAPD) of tibia of S. etruscus (circle) and S. jeanvireti (triangle). C. Plot of the
aximal height (Hmax) and maximal transverse diameter (DTmax) of astragalus of
. etruscus (circle) and S. jeanvireti (triangle). D. Boxplot of the calcaneus maximal
eight of S. etruscus (left) and S. jeanvireti (right). See Table S2 (Appendix A) for data
sed in these graphs.
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5. Morphometry and evolutionary trends

5.1. Tapiridae

Tapirus arvernensis has been subdivided into two subspecies by
some authors (Michaux et al., 1976; Guérin and Eisenmann, 1994;
Guérin and Tsoukala, 2013): T. arvernensis minor (early Ruscinian,
MN14) and T. a. arvernensis (late Ruscinian and early Vil-
lafranchian, MN15-MN16b). The first subspecies is smaller and
slenderer than the nominal one (Michaux et al., 1976; Guérin
and Eisenmann, 1994; Guérin and Tsoukala, 2013). According to
Sala et al. (1990), T. arvernensis is likely characterized by a size
increase during the Pliocene, thus providing a biochronological tool
for correlating Pliocene localities. Nevertheless, Rustioni (1992)
argued that available data were not enough to establish evolution-
ary trends, but the occurrence of tapirs are useful for climatic and
environmental reconstructions. We agree with the last opinion
suggesting that further discoveries are needed to undertake useful
statistical analyses in order to evaluate the presence of morphome-
tric trends within this species.

According to Rustioni (1992) the morphology and proportion of
the limb bones suggest that T. arvernensis was one of the most cur-
sorial species of the genus. Compared with those of the extant
tapirs (T. indicus, T. terrestris and T. bairdii), the limb bones of T.
arvernensis are slenderer; the ratios between the lengths of the
posterior limb bones (femur, tibia and metatarsals) are usually
higher than in some extant species (Rustioni 1992: p. 291). How-
ever, this comparison was based only on a very small sample of
T. arvernensis and further investigations are needed. The body mass
of T. arvernensis recently estimated by MacLaren et al. (2018) cor-
responds to 215 kg, i.e., matching the average values reported for T.
terrestris (216.6 kg), smaller than T. indicus (326.4 kg) and T. bairdii
(228.7 kg), but a little bit larger than the average estimated body
weight of the mountain tapir T. pinchaque (202.4 kg). Anyway,
the body mass of T. arvernensis was estimated only on one speci-
men and the average values of some living species (T. pinchaque
and T. terrestris) were estimated on 4 or 5 specimens. The body
mass of adult T. terrestris spans from 150 to 250 kg according to
Padilla and Dowler (1994), and that of T. pinchaque spans from
125 to 259.8 kg according to Schauenberg (1969) and Padilla
et al. (2010); different ranges were reported by de Thoisy et al.
(2014), with T. pinchaque spanning from 136 to 250 kg and T. ter-
restris spanning from 160 to 295 kg. The body mass of T. arvernen-
sis, estimated using linear regressions on humeral and femoral
lengths (measurements N = 3, from Rustioni, 1992) described in
Scott (1983), Scott (1990), suggests a weight between 253.77 and
273.22 kg, which falls into the weight range of T. terrestris. As
recently demonstrated by MacLaren et al. (2018), Tapirus limb
bones display significant variations not related to size but to eco-
logical gradients, in particular in the lateral autopodium, that need
to be further investigated in fossil European species. The latter spe-
cies remain poorly documented and lack associated paleoenviron-
mental data (such as stable carbon isotope analyses on bones).
5.2. Rhinocerotidae

Stephanorhinus etruscus and Stephanorhinus jeanvireti are easily
distinguishable by the morphometric dimensions of their bones
(Fig. 9). According to Guérin (1980), it is not possible to distinguish
evolutionary stages of Stephanorhinus jeanvireti due to the short
temporal distribution of this species. Nevertheless, he detected
some differences between specimens collected from older locali-
ties (such as Vialette) and from younger localities (such as Mon-
topoli and Les Etouaires): the femur is shorter with a wider
diaphysis; radius and tibia are longer with narrower epiphyses;
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the scaphoid is longer and slenderer; astragalus and calcaneus are
narrower; MCIV and MTIV are longer with a narrower diaphysis.
The available data on S. jeanvireti are too scarce for statistical anal-
yses and the trends described by Guérin (1980) are not tested here;
the plots suggest that there are no significant differences in dimen-
sions among specimens of different ages.

Some differences in the postcranial elements of Stephanorhinus
etruscus have been detected by Guérin (1980), in particular in the
radius, carpals, metacarpals, some tarsals (astragalus, cuboid, nav-
icular), and MT4 collected from Saint-Vallier and Senèze. Neverthe-
less, the sample size is too unbalanced and the presence of
morphometric trends within the species should be studied using
different statistical tools, testing the variation of multiple skeletal
elements (Bernor et al., 1997; Sansalone et al., 2015; Pandolfi
et al., 2015c). In addition, several localities have been redated
and their ages changed during the past few years (e.g., Senèze is
older than Olivola; Nomade et al., 2014). The differences reported
more than thirty years ago are not useful for current biochronolog-
ical correlations.
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5.3. Equidae

In Equidae, morphometric analyses are provided using Log10-
ratio diagrams and boxplots. Eisenmann (1995), Bernor et al.
(2003), and Bernor and Harris (2003) used Log10-ratio diagrams
to establish evolutionary relationships in different lineages of Old
World Hipparionine horses. Recently, Bernor et al. (2018), Bernor
et al. (2019) applied this method in their study of Equus in order
to evaluate affinities in the evolutionary radiation of Old World
Equus. Here, Log10-ratio diagrams are undertaken on MCIII, MTIII
and A1PHIII for a series of middle and late Villafranchian localities:
Montopoli, Coste San Giacomo, Matassino, Casa Frata, Selvella-
Gioiella, and Pirro Nord, compared to the North American Equus
simplicidens, Equus livenzovenzis from El Rincón-1 (Spain), Equus
stenonis vireti from Saint-Vallier (France), Equus stenonis pueblensis
from La Puebla de Valverde (Spain), Equus senezensis from Senèze
(France), Equus stenonis mygdoniensis from Mygdonia Basin
(Greece), Equus suessenbornensis from Süssenborn (Germany), and
the extant Equus grevyi. Log10-ratio diagrams have also been calcu-
lated on MTIII, even if the Italian fossil record does not include
third metatarsals for E. livenzovensis and E. senezensis aff. E.
senezensis stehlini from the localities of Montopoli and Coste San
Giacomo, respectively.

Boxplots are undertaken on M1 and M3 for MCIII and MTIII for
the same species considered in Log10-ratio diagrams, in addition
with Equus sivalensis from Siwaliks (India), Equus eisenmannae from
Longdan (China), Equus stenonis guthi from Chilhac (France), and
Equus major from Senèze (France). These anatomical elements have
been chosen because they represent the best preserved record of
complete postcranial bones of Italian Villafranchian Equus species.

Fig. 10 shows Log10-ratio diagrams for MCIII. Even if the speci-
mens are incomplete, E. cf. livenzovensis from Montopoli exhibits
the largest dimensions of the Italian Villafranchian record. The
incomplete specimen, preserved in its distal epiphysis character-
ized by measurements M10–M14, represents the oldest record of
the genus Equus in Italy. This morphology is replaced by E. stenonis
from Matassino, smaller in dimension compared to E. livenzovenzis
but with similar morphological features. This sample is character-
ized by a large proximal articular breadth (M5) and depth (M6), a
broad distal supra-articular tubercule (M10), and consequently a
wide distal articulation (M11–M14). This typical stenonine log10-
trajectory is shown also in the sample referred to E. altidens from
Selvella–Gioiella (Alberdi and Palombo, 2013). The variation of
the dimensions is slightly lower than in E. stenonis from Matassino
but the morphological pattern is close to the latter, except for a
narrow midshaft width (M3) and a smaller proximal depth (M6),
which indicate a slenderer morphology. The sample from Coste
San Giacomo, referred to E. senezensis aff. E. senezensis stehlini
(Palombo et al., 2017), exhibits a smaller and different pattern
when compared to E. stenonis. It is less elongated (M1), with a
smaller distal epiphysis (M10–M14), and a large proximal articular
breadth (M5). This pattern seems to follow in E. stehlini from Casa
Frata: the proximal articular breadth (M5) and the depth of the
keel (M12) are smaller than E. senezensis aff. E. senezensis stehlini,
but this pattern shows similarities to the sample from CSG. Never-
theless, E. altidens and E. suessenbornensis from Pirro Nord seem to
be the most problematical (data from Alberdi and Palombo, 2013a,
2013b). The Equus altidens sample shows a great range of variabil-
ity when compared to all other localities; its maximum falls within
E. stenonis from Matassino and the minimum is the smallest of the
Villafranchian fossil Equus record. The Pirro Nord E. suessenbornen-
sis range of variability is equivalent to the E. suessenbornensis sam-
ple from Selvella-Gioiella.

Fig. 10(B) compares the mean values of the Italian Vil-
lafranchian horses with other Old World Fossil Equus and E. grevyi.
E. livenzovensis from El Rincón-1 has dimensions and a log10-
12
trajectory similar to E. cf. livenzovensis from Montopoli, larger than
E. stenonis vireti from Saint-Vallier and E. stenonis from Matassino.
E. stenonis vireti from Saint-Vallier and E. stenonis pueblensis from
La Puebla de Valverde share a close pattern with E. stenonis from
Matassino in their size and morphology.

Equus senezensis from Senèze shows affinities with E. senezensis
aff. E. senezensis stehlini from CSG in the proximal articular breadth
(M5) and the depth of the keel (M12), even if its trend is somewhat
larger. This latter evidence was previously mentioned by Palombo
et al. (2017), even if the taxonomic attribution of the CSG sample
had to be considered as provisional. This result, obtained with a
different analysis (Log10-ratio instead of bivariate and multivariate
analysis), supports Palombo et al.’s (2017) interpretation.

The Equus suessenbornensis sample from Pirro Nord and Selvella
Gioiella is narrower in dimensions when compared to the E.
suessenbornensis sample from Suessenborn (data available in
Musil, 1969 and Eisenmann website [https://vera-eisen-
mann.com]). Furthermore, E. suessenbornensis from the type local-
ity (0.7 Ma) is the largest European species considered in this
analysis, even larger than E. livenzovensis. Considering the evidence
provided by our MCIII, MTIII and A1PHIII analyses, the specimens
identified as E. suessenbornensis from Pirro Nord and Selvella
Gioiella appear to be smaller than the typical species from Süssen-
born. More data, statistical and morphological analyses are needed
to better resolve this issue.

The Equus altidens samples from Selvella–Gioiella and Pirro
Nord compare with the pattern of E. stenonis mygdoniensis from
the Greek locality of Gerakarou-1. Even if the Selvella-Gioiella sam-
ple shows slightly larger dimensions than the Pirro Nord and Ger-
akarou samples, their trends are similar in M1 and M3 dimensions.
As already suggested by Gkeme et al. (2017), E. stenonis mygdonien-
sis from the Greek localities of Libakos and Polylakkos may be
referred to E. altidens; this attribution is in accordance with the
Italian data from Selvella–Gioiella and Pirro Nord. Equus stehlini
represents the smallest Plesitocene horse in Italy, with no other
reference from these European fossil localities.

Figs. 11 and 12 show Log10-ratio diagrams calculated for MTIII
and A1PHIII, respectively. The results concur with those of MCIII
ratio diagrams. Equus altidens from Pirro Nord overlaps in size with
E. altidens from Selvella–Gioiella. Equus suessenbornensis from Sel-
vella–Gioiella has narrower dimensions than E. suessenbornensis
from the type locality of Süssenborn. Morever, the relationship
between E. senezensis aff. E. senezensis stehlini and E. stehlini is
noticeable, due to their metric values and morphological features.
These results explain what has been discussed in the MCIIIs Log10-
ratio analysis.

Fig. 13 gives boxplots for M1 and M3 in MCIII. All E. stenonis
subspecies have been considered as separate populations in order
to better understand their diversification. There is a significant dis-
tinction between the E. eisenmannae–E. livenzovensis group and E.
stenonis vireti (Fig. 13(A)), whereas a slight clustering can be
observed between the European E. stenonis subspecies (E. s. vireti,
E. s. guthi, and E. s. pueblensis) and the Italian ones (E. s. olivolanus
and E. s. stenonis) in M1. The same pattern is also shown in MTIIIs
(Fig. 14(A)).

This evidence is partially supported by the permutational
ANOVA developed on the total length (M1), both on MCIII and
MTIII, for the E. stenonis subspecies (Table S4, Appendix A).
Whereas there is no statistical difference between the European
E. stenonis subspecies, two interesting evidences are provided by
the E. stenonis vireti–E. stenonis olivolanus comparison (p-value =
9 � 10�5 on MCIII and 2 � 10�5 on MTIII) and the E. stenonis
guthi–E. stenonis olivolanus comparison (p-value = 0.036 on MCIII
and 0.017 on MTIII). These statistical results confirm the morpho-
metric evidence reported in the boxplots (Fig. 13(A), 14(A)), where
E. stenonis olivolanus has the most elongated metapodials among

https://vera-eisenmann.com
https://vera-eisenmann.com
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Fig. 11. Log10-ratio diagrams on the third metatarsal of the North American and Eurasian Plio-Pleistocene Equus with E. grevyi; the specimens are standardized on the
Hoewenegg Hippotherium primigenium sample. Thick lines represent the log10-mean of all the values analyzed from each sample, dashed lines the log10-maximum, and dotted
lines the log10-minimum. A. Variability of the Italian Early Pleistocene Equus species in most important localities. B. Equus Italian fossil record compared with a suite of fossil
Equus of North American and Eurasian species including E. grevyi. Selvella – Gioiella data from Alberdi and Palombo (2013b); Pirro Nord data from Alberdi and Palombo
(2013a); data for fossil and extant Equus Log10-ratio diagrams from Eisenmann (2004) and Bernor et al. (2019). See Table S3 (Appendix A) for data used in these graphs.

Fig. 10. Log10-ratio diagrams on the third metacarpal of the North American and Eurasian Plio-Pleistocene Equus with E. grevyi; the specimens are standardized on the
Hoewenegg Hippotherium primigenium sample. Thick lines represent the log10-mean of all the values analyzed from each sample, dashed lines the log10-maximum, and dotted
lines the log10-minimum. A. Variability of the Italian Early Pleistocene Equus species in most important localities. B. Equus Italian fossil record compared with a suite of fossil
Equus of North American and Eurasian species including E. grevyi. Coste San Giacomo data from Palombo et al. (2017); Pirro Nord data from Alberdi and Palombo (2013a);
Selvella – Gioiella data from Alberdi and Palombo (2013b); data for fossil and extant Equus Log10-ratio diagrams from Eisenmann (2004) and Bernor et al. (2019). See Table S3
(Appendix A) for data used in these graphs.
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Fig. 12. Log10-ratio diagrams on A1PHIII; the specimens are standardized on the Hoewenegg Hippotherium primigenium sample. Thick lines represent the log10-mean of all the
values analyzed from each sample, dashed lines the log10-maximum, and dotted lines the log10-minimum. A. Variability of the Italian Early Pleistocene Equus species in most
important localities. B. Equus Italian fossil record compared with a suite of fossil Equus of North American and Eurasian species including E. grevyi. Coste San Giacomo data
from Palombo et al. (2017); Pirro Nord data from Alberdi and Palombo (2013a); Selvella – Gioiella data from Alberdi and Palombo (2013b); data for fossil and extant Equus
Log10-ratio diagrams from Eisenmann (2004) and Bernor et al. (2019).
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the E. stenonis subspecies. Further statistical analyses are beyond
the scope of the present review. Nevertheless, we note that this
indication is not reported in M3, where a trend of progressive
reduction in diaphysis midshaft width can be observed from E.
15
eisenmannae–E. livenzovensis up to E. senezensis both in MCIIIs
and MTIIIs (Fig. 13(B), 14(B)). Here, the variability of the E. stenonis
subspecies is lower than in M1. Moreover, E. stehlini shows the nar-
rowest dimensions, which in part overlap E. senezensis. E. stenonis



Fig. 13. M1 and M3 Boxplot diagrams on the third metacarpal of the North American and Eurasian Plio-Pleistocene Equus with E. grevyi. E. stenonis guthi data from Boeuf
(1986); E. stenonis pueblensis and E. suessenbornensis data form Vera Eisenmann’s website (Eisenmann, 2019; https://vera-eisenmann.com); E. stenonis mygdoniensis data from
Koufos (1992); Pirro Nord data from Alberdi and Palombo (2013a); Selvella – Gioiella E. altidens data from Alberdi and Palombo (2013b). Sample sizes: E. simplicidens, n = 10;
E. sivalensis, n = 1; E. eisenmannae, n = 12; E. livenzovensis, n = 2; E. stenonis vireti, n = 24; E. stenonis guthi, n = 3; E. stenonis pueblensis, n = 3; E. senezensis, n = 7; E. stenonis
olivolanus, n = 7; E. stenonis stenonis, n = 9; E. stehlini, n = 7; E. stenonis mygdoniensis, n = 3; E. altidens, n = 19; Pirro Nord, n = 12; E. suessenbornensis, n = 20; E. grevyi, n = 10.
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mygdoniensis is comparable with the Italian record of E. altidens
from Selvella–Gioiella and Pirro Nord.

All of these relationships are supported in Fig. 13; also, E.
major from Senèze exhibits the largest dimensions of the entire
Pliocene-Pleistocene species, which are comparable to E. suessen-
bornensis (Fig. 13(A)). Regarding the E. stenonis group, a remark-
able divergence can be observed in the Equus sample from
Senèze (E. senezensis, following Alberdi et al., 1998) and E. steh-
lini, which are significantly separated from E. stenonis vireti, E.
stenonis guthi, E. stenonis pueblensis, E. stenonis olivolanus, and E.
stenonis stenonis. As pointed out in these analyses (Log10-ratios,
boxplots and ANOVA), the E. stenonis subspecies do not show sig-
nificant differences in their morphometric dimensions, except for
E. stenonis olivolanus which remains the slenderest population of
the entire E. stenonis subspecies-complex. These preliminary mor-
phological and statistical analyses suggest that the subspecies of
Equus stenonis may actually represent a single polytypic species.
They could prove to be different eco-morphotypes of the same
species.
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Finally, Equus grevyi’s relationship with E. simplicidens and E.
stenonis sensu lato has already been suggested by Bernor et al.
(2019). This hypothesis is further supported here by the Log10-
ratio diagrams and boxplots (Fig. 10(B), 11(B), 12(B), 13, 14).
The boxplots further show that E. grevyi’s metapodial intraspeci-
fic variability is comparable to E. simplicidens, E. stenonis sub-
species (E. s. vireti, E. s. guthi, E. s. pueblensis, E. s. olivolanus and
E. s. stenonis), including E. s. mygdoniensis and E. altidens. These
results are consistent with Bernor et al.’s (2019) conclusions in
supporting the hypothesis that the North American and European
Equus stenonine species are likely evolutionary precursors of
Equus grevyi.

6. Concluding remarks and perspectives

Perissodactyls represent an important element of Villafranchian
faunas in Eurasia. The group has been already treated in several
publications (Alberdi and Palombo, 2013a, 2013b; Pandolfi and
Petronio, 2011; Pandolfi and Marra, 2015; Pandolfi et al., 2015;

https://vera-eisenmann.com


Fig. 14. M1 and M3 Boxplot diagram on the third metatarsal of the North American and Eurasian Plio-Pleistocene Equus with E. grevyi. See Fig. 13 for data sources. Sample
sizes: E. simplicidens, n = 6; E. sivalensis, n = 2; E. eisenmannae, n = 22; E. livenzovensis, n = 2; E. stenonis vireti, n = 30; E. stenonis guthi, n = 3; E. stenonis pueblensis, n = 3; E.
senezensis, n = 6; E. stenonis olivolanus, n = 11; E. stenonis stenonis, n = 6; E. stehlini, n = 6; E. stenonis mygdoniensis, n = 3; E. altidens, n = 2; Pirro Nord, n = 5; E. suessenbornensis,
n = 15; E. grevyi, n = 6.
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Pandolfi et al., 2017; Pandolfi et al., 2019; Pandolfi and Erten, 2017;
Rook et al., 2017; Bernor et al., 2018, 2019; Cirilli et al., 2020), and
the present article provides an overview on the current knowledge
of this group in Italy to depict a comprehensive framework, high-
lighting the following points:

� Tapirus arvernensis is documented in Italy during the early Vil-
lafranchian, as reported by previous papers;

� Stephanorhinus jeanvireti characterizes the early and middle Vil-
lafranchian (Triversa and Montopoli FUs), despite being docu-
mented in Italy by only a few remains;

� Stephanorhinus etruscus appears in Italy during the early Vil-
lafranchian (despite older references suggested its first occur-
rence since the middle Villafranchian) and dominates
throughout the middle and late Villafranchian, until the begin-
ning of the Middle Pleistocene;

� Evolutionary trends and morphometric variations among
Rhinocerotidae cannot be tested due the scarcity of fossil collec-
tions; however, the two Villafranchian species can easily be dis-
tinguished by their morphometrical characters;
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� ‘Hipparion’ sp. recovered in Montopoli represents the last
reported occurrence of this genus in Italy and perhaps one of
the last in Europe, together with the Roca-Neyra Plesiohipparion
cf. P. rocinantis, the Plesiohipparion cf. shanxiense from Sésklo,
and Plesiohipparion rocinantis from Villaroya; these are the
youngest European ‘Hipparion’ and ultimately they may all be
referred to the genus Plesiohipparion;

� Equus cf. livenzovensis from Montopoli (MNQ16b; 2.58 Ma) rep-
resents the Equus Datum in the Italian Villafranchian fossil
record and, more broadly, in Europe. It shows the primitive bau-
plan for the ‘‘Old World Equus stenonine group” and its dimen-
sions are comparable with E. eisenmannae from Longdan (China;
2.55 Ma). The morphometrical analysis show that these two
species, which mark the Equus Datum in Europe and China,
could have similar proportions. The occurrence of E. livenzoven-
sis from Montopoli together with the French locality of Roca-
Neyra and the Spanish sites of Huelago-1 and El Rincon repre-
sent the westernmost dispersion of this lineage in Europe.;

� Equus stenonis from Matassino and Olivola share features and
morphometric characteristics with other European stenonine
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horses such as E. stenonis vireti (Saint-Vallier), E. stenonis guthi
(Chilhac) and E. stenonis pueblensis (La Puebla de Valverde).
The analyses carried out herein have shown that the range of
variability between these subspecies is not large, except for E.
stenonis olivolanus which shows the most elongated metapodial
among E. stenonis subspecies. More morphometrical and mor-
phological analysis are needed to resolve this issue, but by the
present evidence, it cannot be excluded that these subspecies
can be attributable to population variability over time. A syn-
thetic list of E. stenonis subspecies is given in Table S5 (Appen-
dix A);

� Equus senezensis aff. E. senezensis stehlini from Coste San Gia-
como is the first record of E. senenzensis in Europe apart from
Senèze. As previously reported in Palombo et al. (2017), the
horse from CSG shares morphological features with E. senezensis
and E. stehlini from Casa Frata. This evidence, which needs to be
reviewed and supported by further analysis, suggest a close
relationship between these two species and may provide new
biogeographical and biochronological insights on the evolution
of the Villafranchian small- to medium-sized horses;

� Equus stehlini is considered here to be a different species and not
a subspecies of E. senezensis. It is a gracile horse in the Italian
Villafranchian fossil record. At the present knowledge, its
biochronological and biogeographical range seems to be limited
to a few Italian localities;

� The occurrence of Equus suessenbornensis in the Italian Vil-
lafranchian fossil record remains uncertain because of the nat-
ure of the Süssenborn sample. More morphological,
morphometrical and statistical investigations are required to
resolve this issue;

� The presence of Equus altidens in the localities of Selvella–
Gioiella and Pirro Nord is confirmed. This observation is also
supported by the new identification of E. altidens from the Early
Pleistocene of Greece (Gkeme et al., 2017).

Our current knowledge of the Italian Villafranchian perisso-
dactyl biochronological ranges is given in Fig. 8.
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