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A fragmentary rhinoceros skull from the “Campagna Romana” was analysed. The results of morphometrical and mor-
phological analysis identify the skull as Stephanorhinus hemitoechus. The petrography and geochemistry of the
volcanoclastic sediments containing the rhinoceros skull indicate that its geographic provenance is the northern area of
Rome (between the Tiber River and the southern area of the Sabatini Volcanic District). The textural and geochemical
features of white pumice indicate that the volcanoclastic sediments were deposited at ca 500 ka during the MIS13. A re-
vision of the earliest records of S. hemitoechus in Europe reveals that the skull from Campagna Romana is the earliest re-
cord of the species. The time and spatial collocation of this occurrence postdate the diffusion of S. hemitoechus in the
Mediterranean Basin, most likely due to the favourable climate. Successively, the species becomes common in the rest
of western and northern Europe and reached its maximal geographic extension during MIS5. • Key words:
Stephanorhinus hemitoechus, paleobiogeography, biochronology, Middle Pleistocene, Campagna Romana, Sabatini
Volcanic District.
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The area surrounding the city of Rome (Central Italy) is the
result of complex geological processes, which were parti-
cularly intense during the Quaternary. For this reason, the
stratigraphic successions of the so-called “Campagna Ro-
mana” have been well known since the beginning of the
20th century for the peculiarity of their volcanic rocks and
the richness of fossil mammal assemblages. Due to the in-
tense urbanisation of Rome between the end of the 19th

century and the beginning of the 20th century, a large num-
ber of vertebrate fossil remains were collected from the
Campagna Romana (among others Meli 1896a, b; Ponzi
1867, 1878; Portis 1893). The fossil remains were mainly
referred to the Middle Pleistocene and were found in alluvial
deposits of the Tiber River and its tributaries (Di Stefano et
al. 1998, Petronio et al. 2011). These deposits are frequently
constituted by volcanoclastic materials and are interlayered
by volcanic deposits of the Sabatini or Colli Albani Volcanic
Districts (Caloi et al. 1998). The chronological successions

of these volcanic districts have been reconstructed by pet-
rographic, geochemical and radiometric data. Thus, in cen-
tral Italy, the Pleistocene volcanic deposits are a useful tool
to establish a regional chronostratigraphic framework
within which deposits with mammal remains can be placed.
Indeed, the volcanic deposits mark the chronological limits
of several faunal assemblages, such as Fontana Ranuccio
(Middle Pleistocene, Anagni Basin) and Cerveteri (Middle
Pleistocene, Rome; Biddittu et al. 1984, Capasso Barbato
et al. 1983, Mancini et al. 2006).

At the beginning of the 20th century, a rhinoceros skull
was recovered in an undefined location in Campagna
Romana. This skull, which is preserved in the Museum of
Paleontology at the Sapienza University of Rome
(MPUR), was filled and covered with volcanoclastic mate-
rial, which was partially enclosed in the bone cavities. The
aim of the present paper is to define the stratigraphic origin
and chronological position of the above-mentioned skull.
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Finally, a palaeontological analysis of the skull identi-
fies it as a late Middle-Late Pleistocene European species.
The records of the species during the Middle Pleistocene
are revisited in light of the chronological interval related to
the analysis of the volcanic material.

Abbreviations. – Marine Isotopic Stage – MIS; Sabatini
Volcanic District – SVD.

Institutional abbreviations. – MPUR – Museum of Paleon-
tology, Sapienza University of Rome, Italy; MCAUR –
Museum of Comparative Anatomy, Sapienza University of
Rome, Italy; MPP – Museum of Paleontology, University
of Parma, Parma; MPAVC – Paleontological and Archaeo-
logical Museum “Virginio Caccia”, San Colombano al
Lambro, Milan; IGF – Natural History Museum of Flo-
rence, Geological and Paleontological Section, Florence;
BNHM – British National History Museum, London;
IQW – Institute für Quartärpaläontologie, Weimar;
SMNK – Staatliches Museum für Naturkunde, Karlsruhe;
SMNS – Staatliches Museum für Naturkunde, Stuttgart;
MNHM – Museum NaturHistorisches, Mainz.
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The so-called “Campagna Romana” is a relatively large,
flat zone around Rome (central Italy) crossed by the Tiber
River and bounded at the southwest by the Tyrrhenian Sea,
at the east by the Pre-Apennine, at the north by the Sabatini
Volcanic District (SVD) and at south-southeast by the
Colli Albani Volcanic District (Di Stefano et al. 1998; Pet-
ronio & Sardella 1999; Petronio et al. 2011; Sottili et al.
2010, 2011, and references therein). The rocks outcropping
in the Campagna Romana are represented by Plio-
Pleistocene sedimentary sequences partly covered by the
volcanic products of the above-mentioned volcanic dis-
tricts. In particular, the sedimentary rocks located in the
right bank of the Tiber are covered or interfingered with the
middle-distal pyroclastic products of the Sabatini Volcanic
District. It is noteworthy that the majority of fossil verteb-
rates have been sampled in this part of the “Campagna Ro-
mana”. The rocks of the Sabatini Volcanic District extend
over an area of ~1800 km2 (Fig. 1) and are derived from
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$������%& Sketch map of the Quaternary Sabatini Volcanic District (SVD), Roman Province, and localization of some large-mammal fossil sites. Leg-
end: A – SVD volcanism; B – outcrop area of the oldest (?547 ± 5 ka) eruption products; C – caldera rim; D – inferred source areas during the Morlupo
(ca 800–500 ka) and Southern Sabatini (ca 500–400 ka) activity periods. The volcano-tectonic depression hosting Bracciano Lake and the Sacrofano Cal-
dera are also shown. 1 – Riano; 2 – Capena; 3 – Cava Redicicoli; 4 – Prati Fiscali, Monte Sacro; 5 – Sedia del Diavolo, Saccopastore, Casal dei Pazzi;
6 – Cava Nera Molinario, Tor di Quinto, Ponte Molle (= Ponte Milvio); 7 – La Polledrara; 8 – Torre in Pietra; 9 – Collina Barbattini, Castel di Guido.
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a wide spectrum of ultrapotassic magma compositions
(e.g., Masotta et al. 2010, Sottili et al. 2011). The available
volcanologic and geochronologic data (e.g., Sottili et al.
2010) show that the SVD volcanism included a variety of
eruption types during three main periods of activity: 1) the
oldest period (ca 0.800–0.510 Ma) took place from the
Morlupo source area, located in the eastern SVD sector,
and emplaced voluminous pyroclastic successions (inclu-
ding the major Tufo Giallo della Via Tiberina pyroclastic
succession; Table 1); 2) the intermediate period emplaced
several Plinian fall deposits and the main Tufo Rosso a
Scorie Nere from the southern Sabatini source area
(ca 0.510–0.420 Ma) as well as the Tufo di Bracciano
(ca 0.310 Ma) and the Tufo Giallo di Sacrofano (0.285 ±
0.01 Ma) caldera-forming eruptions from the present day
Lake Bracciano depression and the Sacrofano Caldera;
3) the most recent period of activity (at least until ca 90 ka)
was sourced around the Bracciano and Sacrofano calderas
in the central-northern SVD area and was characterised by
dominant hydromagmatic and subordinate strombolian/ef-
fusive activities from either scattered or clustered monoge-
netic centres. The SVD volcanic succession results corre-
late with the unconformity-bounded-stratigraphic units
recently defined for the sedimentary terrains of coastal-
marine to continental environments (i.e., Sottili et al.
2010). Consequently, the volcanoclastic sediments occur-
ring in the right bank of the Tiber River are well constrai-
ned by the stratigraphic and geochronological data of the
SVD deposits.

The Campagna Romana is rich in fossil mammal as-
semblages corresponding to the late Early Pleistocene and
Middle Pleistocene.

The earliest assemblages have been recovered in the
sites of Capena, Cava Redicicoli and in the “Helicella clays”
of Ponte Galeria (= sensu Conato et al. 1980 and Petronio &
Sardella 1999; Fig. 1). They are represented by Bison
degiulii and Axis eurygonos (Capena), by Bison schoe-
tensacki, Mammuthus meridionalis, Equus altidens,
Stephanorhinus hundsheimensis and other taxa (Cava Redi-
cicoli) and by Prolagurus pannonicus and Predicrostonyx
sp. (“Helicella clays” of Ponte Galeria; Kotsakis et al. 1992,
Capasso Barbato et al. 1998, Di Stefano et al. 1998, Petronio
& Sardella 1999, Milli et al. 2004, Petronio et al. 2011).

A faunal assemblage chronological referable to a time
span between 0.800 and 0.700 Ma is reported in the “beach
and shoreface gravels and sands” of Ponte Galeria (= sensu
Conato et al. 1980 and Petronio & Sardella 1999). It repre-
sents the “classic fauna” of Ponte Galeria and among the other
taxa, “Hemibos” galerianus, Crocuta crocuta, Praemega-
ceros verticornis, and Mammuthus trogontherii are recorded
(Petronio & Sardella 1999, Petronio et al. 2011).

More recent faunal assemblages, referable to a time span
between 0.650 and 0.500 Ma, are represented by several
taxa, including Macaca sylvanus, Lynx pardina spelaea,
Meles meles, Equus altidens, Equus süssenbornensis, Sus
scrofa priscus, Hippopotamus antiquus, Axis eurygonos,
Cervus elaphus acoronatus and Bison schoetensacki
(Petronio & Sardella 2001, Mancini et al. 2008). They are
reported in several localities of the Campagna Romana as
GRA Km 2 and Ponte Molle (= Ponte Milvio) (Di Stefano et
al. 1998, Capasso Barbato et al. 1998; Fig. 1).

��

���� ����
��� ��	��� �	�������
�����	 !�""�����	#���
���
�����$	��
"	���	!�����	�����
����	
�	%���&

�� 	��%& SVD volcanic products used for comparison with the pumice in
the skull MPUR/1522.

Eruptive Unit Label Composition Age

First Ash-fall
Deposits

FAD Phonolite
Low SiO2

582 ± 1 ka

Lower Tufo Giallo
della Via Tiberina

LTGVT Phonolite
Low SiO2

561 ± 1 ka

Upper Tufo Giallo
della Via Tiberina

UTGVT Phonolite
Low SiO2

548 ± 3 ka

Grotta Rossa
Pyroclastic Sequence

GRPS Phonolite
Low SiO2

514 ± 5 ka

Fall A Fall A Phonolite
High SiO2

<514 ka
>485 ka

Fall B Fall B Trachyte 485 ka

Tufo Rossoa Scorie
Nere Sabatino

TRSNS
fall

Phonolite
High SiO2

450 ka

Tufo Rossoa Scorie
Nere  Sabatino

TRSNS
flow

Trachyte

Fall E Fall E Trachyte 420 ka

Tufo Giallo di Sacrofano TGS Phonolite
Low SiO2

285 ± 1 ka

Tufo di Bracciano TBR Trachyte 190 ka

Tufo di Baccano TBA Phonolite
Low SiO2

85 ka

�� 	��)& Selecting specimens of rhinoceros skulls considered in the
morphological analysis.

Species Location Label

S. hemitoechus
S. hemitoechus
S. hemitoechus
S. hemitoechus
S. hemitoechus
S. hemitoechus
S. hemitoechus

MPAVC
IGF
IGF
IGF
MPUR
BNHM
SMNS

sn
1105
1109
10792
V2832
45 205
16295-1929

S. hundsheimensis
S. hundsheimensis
S. hundsheimensis
S. hundsheimensis
S. hundsheimensis
S. hundsheimensis
S. hundsheimensis
S. hundsheimensis
S. hundsheimensis

MPP
IQW
IGF
MPUR
MNHM
MNHM
MNHM
MNHM
MNHM

sn
1965-2 513 (Suss. 9 615)
1931V
1956 sn
PW 1945-172
PW 1977-13
PW 1963-156
PW 1956-62
PW 1958-764

‘D.’ kirchbergensis
‘D.’ kirchbergensis
‘D.’ kirchbergensis
‘D.’ kirchbergensis
‘D.’ kirchbergensis
‘D.’ kirchbergensis

SMNK
SMNS
SMNS
SMNS
SMNS
MNHN

PAL 4254
6516.4.2.66.4
6616.2.11.89.13
6616.17.10.83.8
6617.2.12.67.3 PW
1949-238



From pyroclastic deposits outcropping at Fontignano
and Cava Nera Molinario (dated to approximately
0.450 Ma), fossils referable to Bos primigenius and Cervus
elaphus eostephanoceros are reported (Di Stefano et al.
1998).

Furthermore, the northern and eastern areas of Cam-
pagna Romana provide different faunal assemblages as-
cribed to late Middle Pleistocene, which have been re-
ported in the following selected localities: Castel di Guido,
Riano, Malagrotta, Torre in Pietra, Cava Rinaldi (upper
levels) and Collina Barbattini, Monte Sacro, Sedia del
Diavolo (Capasso Barbato & Minieri 1987, Caloi et al.
1998, Di Stefano et al. 1998, Petronio et al. 2011; Fig. 1).
On the whole, these sites can be referred to a time span be-
tween MIS10 and MIS6 and the occurrences of Canis
lupus, Megaloceros giganteus and Ursus spelaeus were re-
ported (Gliozzi et al. 1997).
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In the past centuries, all remains of European Pleistocene
rhinoceroses not ascribed to the genus Coelodonta were re-
ferred to the genus Rhinoceros and later to the genus Dice-
rorhinus. Guérin (1980) ascribed them to the genus Dice-
rorhinus and the species jeanvireti, etruscus, hemitoechus
and kirchbergensis (= mercki) to the new subgenus Brand-
torhinus; later, this last was elevated to the genus rank
(Guérin 1989). Fortelius et al. (1993) referred the Euro-
pean Pleistocene rhinoceros species jeanvireti, etruscus,
hundsheimensis, hemitoechus and kirchbergensis to the
genus Stephanorhinus Kretzoi, 1942. This viewpoint was
followed by several authors (Cerdeño 1993, 1995a, b,
1998; Lacombat 2005). However, Deng et al. (2011) re-
cently referred the species kirchbergensis to ‘Dihoplus’,
together with the Miocene species ringstroemi and piker-
miensis and the Pliocene megarhinus. According to these
results, morphologic characteristics distinctive of the ge-
nus Stephanorhinus, such as a partially ossified nasal sep-
tum and loss of functional incisors, evolved twice in the
Pleistocene. Moreover, an early acquisition of the nasal sep-
tum and loss of incisors occurred even in the Miocene elas-
mothere Ninxiatherium (Chen 1977, Cerdeño 1995a, Deng
2008), which implies that these characteristics are indepen-
dent acquisitions within different evolutionary lineages.

The morphological characteristics considered in the
present paper are those listed by several authors, including
Loose (1975), Guérin (1980) and Lacombat (2005). For the
morphological comparison of the skull, different speci-
mens from Middle and Late Pleistocene European sites are
taken into account (Table 2). Other considered skulls are
those reported by Falconer (1868), Azzaroli (1962),
Borsuk-Bialynicka & Jakubowski (1972), Loose (1975),
Guérin (1980), Lacombat (2005), Van der Made (2010),

Pandolfi (2011), and references therein. The morphometric
methodology is based on the works of Guérin (1980) and
Lacombat (2005), and the results are compared with those
reported by Guérin (1980) for S. hemitoechus, by Lacombat
(2005) for S. hundsheimensis and by Loose (1975) and Van
der Made (2010) for ‘D.’ kirchbergensis. Simpson ratio dia-
grams were made using data on extant Diceros bicornis
(skull 111/360 preserved in the MCAUR) as a reference.

The volcanoclastic matrix occurring in the internal and
external parts of the skull was gently removed from the
bone using a thin blade. The sediment was split at the bin-
ocular, and different components (e.g., minerals, rock frag-
ments) were mounted on the stabs. Morphoscopic struc-
tures were observed at the Dipartimento di Scienze della
Terra, Sapienza-Università di Roma, using a FEI Quanta
400 SEM. The composition of phases occurring in the se-
lected pumice clast were determined at CNR-IGAG
(Roma, Italy) using a CAMECA SX50 electron micro-
probe equipped with five wavelength-dispersive spectrom-
eters (WDS) employing a 15 kV accelerating voltage,
a 5 nA beam current, and a 0–10 μm beam diameter. Natu-
ral and synthetic standards as well as the ZAF correction
scheme were used.

�������		���
������������
����

��2�3%-))�

����������	
��������
��
������������
����

Only the neurocranial portion (with occipital, parietal, tem-
poral and part of the zygomatic bones) of the considered
skull (MPUR/1522) is preserved (Fig. 2).

In the dorsal view, the parietal crests are well evident,
despite the presence of volcanic sediment. The posterior
edge of the occiput is linear (with a central depression due
to damage). In the lateral view, the occipital crest over-
hangs the occipital condyles; the occipital face has a linear
edge, and in the otic region, the postglenoid process is well
developed with a concave anterior edge. In the occipital
view, the occipital face has a trapezoidal shape and is rela-
tively high; the maximal width in this view is at the level of
mastoid processes; and the dorsal profile of the occipital
crest is relatively linear.

On the whole, the morphological characteristics of the
considered skull can be recognised in S. hemitoechus
(Fig. 3). In particular, the occipital crest overhangs the oc-
cipital condyles in all the considered specimens and in the
types of the species from Minchin Hole and Northampton
(described by Falconer 1868). Moreover, a liner profiles of
the occipital crest (in dorsal view) and of the occipital face
(in lateral view) can be recognized in the Falconer’s speci-
mens and in the considered skulls (see also Azzaroli 1962
and Guérin 1980).
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Indeed, in ‘D.’ kirchbergensis the occiput is narrow,
with a broad V-shaped or concave posterior edge. Fur-
thermore, in all the specimens the occipital crest is less
developed posteriorly than the occipital condyles.
Finally, in S. hundsheimensis, the occipital crest is
slightly prominent posteriorly (but it does not overhangs
the occipital condyles) and, in dorsal view, has a slight
concave or concave posterior edge. Furthermore, a con-
vex upper profile of the occipital crest can be observed in
the occipital view.

The dimensional characteristics of the considered skull
are close to the mean values reported by Guérin (1980) for
S. hemitoechus (Table 3). ‘D.’ kirchbergensis has greater

values of DTO, DTAM, DTCPmin and DTOC than those
of the skull from Campagna Romana (Table 3). Further-
more, the values of the diameters of the occipital region are
lower than those reported for S. hundsheimensis from
Isernia La Pineta (Table 3) (Lacombat 2005). The ratio be-
tween the transverse diameter of the occipital crest and the
mastoid processes is close to that reported for S. hemi-
toechus but is quite different for those of the other Middle
Pleistocene species. For ‘D.’ kirchbergensis and S. hund-
sheimensis, the values of DTO/DTam are above 0.59.
Finally, the Simpson diagram shows that, proportionally,
the skull MPUR/1522 is closer to S. hemitoechus than to
the other species (Fig. 4).

��

$������)& Skull MPUR/1522 from Campagna Romana. • A – right side view; B – view of the occipital face; C – dorsal view; D – left side view. Scale bar
= 5 cm.
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$������+& Skulls of S. hemitoechus from Northampton (A) and Minchin Hole (B) (from Falconer 1868; not in scale) and of ‘D.’ kirchbergensis (SMNK
PAL 4254) and S. hundsheimensis (IQW 1965–2513, Suss. 9615). Lateral view of the occipital region. Scale bar = 5 cm.
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�� 	��+& Comparative dimensions of the skull MPUR/1522 and the Middle Pleistocene species S. hundsheimensis, ‘D.’ kirchbergensis and
S. hemitoechus. DTO = transverse diameter of the occipital crest; DTAM = transverse diameter of the mastoid apophysis; DTCPmin = minimum values
of the transverse diameter of the parietal crests; DTZAmax = maximum values of the transverse diameter of the zygomatic arches; HOF = height of the oc-
cipital face; DTFM = transverse diameter of the foramen magnum; DTOC = transverse diameter of the occipital condyles; HFM = height of the foramen
magnum.

Skull DTO DTAM DTCPmin DTZAmax HOF DTFM DTOC HFM

Campagna Romana 1522 139 247 40 ca 316 165 46 135 42.3

min 101 220 18 295 141 37 111.5

S. hemitoechus med 130.97 247.53 46.25 328.25 158.56 52.9 138.71

max 160 288 70 380 186 61.5 155

min 156 264 52 364 46 140.5 30.5

‘D.’ kirchbergensis med 167.51 276.2 68.48 381.7 143.1 50.92 148.5 38.16

max 204 292.8 118.5 391 58 154 45

min 152.3 252.9 122.7 39.8 124.6 29.4

S. hundsheimensis med 172.93 258 60.3 313.7 126.43 45.18 132.62 38.18

max 187.2 275 130 48.9 142 57.1
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The XRD data and SEM observations indicate that the sedi-
ment attached to the rhinoceros skull is almost entirely com-
posed of pyroclastic components (i.e., lithic clasts, juvenile
lapilli, ash particles and minerals). In particular, white pumice
lapilli, characterised by a fresh appearance (i.e., without mac-
roscopic evidence of weathering) was found in the sediment
occurring in the internal part of the rhinoceros skull. This pu-
mice lapilli was specifically analysed with the aim to compare
its textural and geochemical features with those of primary
volcanic components occurring in the well-constrained py-
roclastic deposits of Sabatini Volcanic District.

The white pumice has an aphyric texture (degree of
porphyricity <1 vol.%), a vitrophyric groundmass (glass
≥50 vol.%) and moderate vesicularity (up to 50 vol.% in
thin section), and it contains rare sanidine, clinopyroxene,
plagioclase and oxide phenocrysts (∅ > 50 μm). The sani-
dine is submillimetre sized and round shaped, while the
clinopyroxene is submillimetre sized, euhedral to sub-
hedral and occurs as glomerocrysts associated with plagio-
clase and oxides. The glass occurring in the groundmass
shows a phonolitic composition in the TAS diagram
(Fig. 5) and is characterised by low CaO, MgO and Al2O3

(Fig. 5). The clinopyroxene shows a Si-poor and Ti- and
Fe-rich composition, while the plagioclase presents a
Na-poor bytownite composition. The petrography and geo-
chemistry of the white pumice recovered in the interior part
of the rhinoceros skull is typical of juveniles found in the
large explosive eruptions of the SVD. The most important
SVD activity period in terms of large explosive eruptions
took place at ca 0.800–0.400 Ma in the Morlupo and south-
ern Sabatini sectors, which are part of the Campagna
Romana zone (Sottili et al. 2010, 2011; Masotta et al.
2010). In particular, the white pumice shows textural and
chemical features similar to those of Fall A, which is posi-

tioned between the Grottarossa Pyroclastic Sequence
(GPPS) and the Fall B eruptive units, which are dated to
0.514 ± 0.05 Ma and 0.488 ± 0.02 Ma, respectively
(Fig. 5). This eruptive unit is part of the Biedano Synthem
belonging to the Aureliano-Pontino Supersynthem, and its
stratigraphic position matches stage 13 of the δ18O curve
and sea level fluctuations (Sottili et al. 2010). Therefore,
the textural and geochemical features of the white pumice
indicate that the volcanoclastic sediments containing the
rhinoceros skull were deposited at ca 0.500 Ma during a
high stand of the sea level.
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The morphological and morphometric results allow skull
MPUR/1522 from Campagna Romana to be ascribed to
S. hemitoechus whose origin remains unclear. Cerdeño
(1993) and Kahlke & Kaiser (in press) suppose an Asian
origin, while Guérin (1980) proposed a direct European li-
neage of S. etruscus-S. hemitoechus.

The earliest occurrence of S. hemitoechus in Europe is rel-
atively controversial. Fortelius et al. (1993) reported the oc-
currence of the species at Mosbach 2 in association with
S. hundsheimensis and at Petralona, Visogliano and Caune de
L’Arago. Moreover, Gliozzi et al. (1997) cited the appear-
ance of the species in the Early-Middle Pleistocene transition.

However, the presence of remains attributable to
S. hemitoechus in the levels of Mosbach 2 is highly doubt-
ful. Concerning this point, Guérin (1980) wrote, “…qui ont
cru le reconnaître à Mosbach mais se sont à mon avis
trompé sur ce point”. Recently, only the presence of
S. hundsheimensis and ‘D.’ kirchbergensis was reported at
Mosbach 2 (von Koenigswald et al. 2007).

The occurrence of S. hemitoechus at Visogliano, re-
ferable to MIS12, is unfounded. The maxilla with molars

�&

$������,& Ratio diagram of the skull
MPUR/1522 and the Middle Pleistocene
species S. hundsheimensis, ‘D.’ kirch-
bergensis, S. hemitoechus and Coelo-
donta antiquitatis. For abbreviations see
Table 3.
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reported by Bartolomei et al. (1977) and ascribed to Rhi-
noceros mercki, show morphological and morphometrical
characteristics closer to ‘D.’ kirchbergensis. Indeed, the
molars have waved vestibular profiles with non-marked
folds, and the morphometric values are greater than those
of the molars of S. hemitoechus.

The fossil remains from Petralona are of uncertain tem-
poral attribution. Three different mammal assemblages are
recognised in the mentioned site, and the rhinoceros remains
come from the upper levels, being chronologically younger
than or close to 0.400 Ma (Fortelius & Poulianos 1978,
Crégut-Bonnoure & Tsoukala 2005, Koufos & Tsoukala
2007, Baryshnikov & Tsoukala 2010, Kahlke et al. 2010).

Finally, the occurrence of S. hemitoechus at the site of
Caune de L’Arago, confirmed by Guérin (1980) and
Lacombat (2005), is referable to approximately 0.450 Ma,
MIS12 (Moigne et al. 2006). In agreement with Fortelius et
al. (1993), the latter seems to be, at present, the most an-
cient record of the species in Europe.

However, Gliozzi et al. (1997) reported the occurrence
of S. hemitoechus in the Italian peninsula during the Slivia
Faunal Unit (approximately 0.900–0.800 Ma) basing on
the remains recovered in the Slivia local fauna. These re-
mains were referred by Ambrosetti et al. (1979) to interme-
diate forms between S. etruscus and S. hemitoechus, very
close to the specimens of Voigstedt and Süssenborn, actu-
ally ascribed to S. hundsheimensis (Lacombat 2005). In-
deed, the morphological traits of the teeth discovered at
Slivia (strong lingual and mesial cingula on the upper pre-
molar, profile of the vestibular wall slight wavy with thin
and lightly prominent paracone fold, broad V-shaped pos-
terior valley in the lower molar) are closer to S. hund-
sheimensis than S. hemitoechus.

Furthermore, even the remains reported by Cigala Ful-
gosi (1976) from the alluvial deposits of Torrente Stirone
(Parma; 0.800–0.700 Ma) and by Petronio (1988) from the
gravel and sand layer of Cava di Breccia di Ponte Galeria
(Rome; approximately 0.800–0.700 Ma), ascribed to Dice-
rorhinus hemitoechus, can be referred to S. hundsheimensis.

The skull from Torrente Stirone shows many features
close to S. hundsheimensis; in lateral view, the posterior
border of the nasal notch is situated above the P4/, the ante-
rior border of the orbital cavity is situated above the M2/,
the base of the nasal horn is well developed, the occipital
condiles are located more posteriorly than the occipital
crest and the inferior border of occipital face is very
oblique. In dorsal view, the occipital crest has a central
concavity and the parietal crests are not marked.

In the Cava di Breccia di Ponte Galeria mandible (re-
covered in the gravel and sand layer), the posterior margin
of the mandibular symphysis is located at the level of
P/2–P/3 boundary, the horizontal ramus is relatively low
and its lower border is slightly convex; furthermore, the an-
gle between the horizontal and vertical ramus is of about

130°, the lower P2 has only the posterior lingual valley and
is relatively large and the lower molars have a U-shaped
lingual valleys. All these characteristics can be recognized
in S. hundsheimensis (see Lacombat 2005).

Remains attributable to S. hemitoechus have mainly
been reported in Italy at several sites (e.g., Malagrotta and
Torre in Pietra) and are chronologically related to
MIS10–8 (Capasso Barbato & Petronio 1981; Caloi &
Palombo 1978, 1979; Di Stefano et al. 1998; Di Canzio et
al. 2003; Pandolfi & Petronio 2011; Pandolfi 2011).

In agreement with the results of the present paper, the
earliest occurrence of S. hemitoechus in Italy and Europe
can be referred to approximately 0.500 Ma. According to
recent data about the Italian and European faunal assem-
blages, S. hemitoechus seems to replace S. hundsheimensis
during the Middle Pleistocene. Nevertheless, S. hundshei-
mensis disappears from the Peninsula before MIS13. The
last occurrences of S. hundsheimensis in Italy are recorded
in the faunal assemblages chronologically related to
MIS16–15 (Sala & Fortelius 1993, Coltorti et al. 2005,
Petronio et al. 2011). In central and northern Europe, the
last records of S. hundsheimensis are reported in sites earli-
est or close to MIS13 as Hundsheim (MIS15 or 13), Mauer
(lower sands, MIS15) and Boxgrove (MIS13) (Toula 1902;
Schreiber 2005, Breda et al. 2010, Kahlke et al. 2010,
Wagner et al. 2010).

Remains of S. hemitoechus have been reported at sev-
eral sites in western Europe (see Guérin 1980, Fortelius et
al. 1993, Lacombat 2005). In Spain and Portugal, the spe-
cies is the only one of the genus present during the Middle
and Late Pleistocene (Cerdeño 1990, Cardoso 1993, Marks
et al. 2002, Lacombat 2005, Van der Made 2010). The ap-
pearance of the species in the Iberian Peninsula is referable
to approximately 0.400 Ma at Ambrona (Cerdeño 1990,
Sesé & Toto 2005), while the occurrence of the species at
Cullar de Baza-1 (early Middle Pleistocene; Kahlke et al.
2010) seems to be highly doubtful, and rhinoceros remains
from the above-mentioned site are ascribed to other species
by other authors (see Cerdeño 1989, 1993; Agustí et al.
2000). In central and northern Europe, S. hemitoechus is
sometimes reported in association with ‘D.’ kirchbergensis
and/or C. antiquitatis (sites of La Fage and Neumack-
Nord; Guérin 1973, 1980; Schreve 1996; Van der Made
2010). S. hemitoechus was first recorded in Great Britain
during MIS11 together with ‘D.’ kirchbergensis (Boyn
Hill and Orsett Heath sites; Schreve 1996, Bridgland et al.
2004). Furthermore, the two species are coeval at the site of
Bilzingsleben (Germany) and are chronologically related
to MIS11 (Van der Made 2000, Bridgland et al. 2004),
most likely representing the first occurrence of S. hemito-
echus in Germany. The deposits of Račiněves (Czech Re-
public), in which S. hemitoechus and ‘D.’ kirchbergensis
are recorded (Tyráček et al. 2001, 2004), correspond to the
same chronological time span.
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The presence of the species in Asia seems to be highly
doubtful. According to Guérin (1980), rhinoceros remains
from Binagady (Late Pleistocene, Azerbaidjan) seem to be
very close to Dicerorhinus hemitoechus (= Stephanorhinus
hemitoechus) (Baryshnikov 2002).

Other remains reported in European Russia by Pavlova
(1925) and later by Gromova (1935) as Rhinoceros aff.
hemitoechus appear very doubtful. In any case, this remain
appears unavailable at present (Billia pers. com.) and any
sure systematic attribution cannot be obtained from the fig-
ure of Pavlova (1925). S. hemitoechus has been reported in
Late Pleistocene sites of North Africa (Morocco and Alge-
ria) and in the Middle East (Guérin 1980, Geraads 1982);
furthermore, according to Guérin (1980), Rhinoceros sub-
inermis Pomel, 1895 is synonymous with D. hemitoechus.

In agreement with the records of the species in the Med-
iterranean Basin and in the rest of Europe, the diffusion of
S. hemitoechus can be related to the diffusion of the Medi-
terranean-type habitat during the interglacial periods, with
the presence of abrasive herbaceous elements. This is even

in accordance with the dental and skeletal features of the
species (Fortelius 1982, Fortelius et al. 1993, Mazza 1993,
Hernesniemi et al. 2011). Moreover, the appearance of
S. hemitoechus during MIS13 is concomitant with an in-
crease of herbaceous elements due to the climatic trend to-
wards an arid period (Russo Ermolli et al. 2010, Bertini
2000).

The last occurrence of S. hemitoechus is usually re-
ported during the last glaciation (Guérin 1980, Petronio et
al. 2011). In particular, the species disappears before the
last glacial maximum in central Europe, is documented up
to MIS3 (Ingarano site, Petronio et al. 2011) in Italy and is
recorded until the end of the Late Pleistocene in Spain (site
of La Ventana; Sánchez et al. 2003). Nevertheless, in spite
of the relatively well-constrained temporal and regional
distribution, the origin of S. hemitoechus remains unclear
because neither the European (from S. hundsheimensis)
nor Asian origins can be excluded. Therefore, a careful re-
vision of Plio-Pleistocene Eurasian rhinoceroses will be es-
sential to explain the species origin.
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$������-& Chemical composition of
SVD glasses reported in the TAS, Al2O3
vs SiO2 and CaO+MgO vs SiO2 dia-
grams; noteworthy, the glasses occur-
ring in the skull MPUR/1522 show the
chemical composition similar those of
Fall A glasses (0.514 > Ma > 0.488).

���� ����
��� ��	��� �	�������
�����	 !�""�����	#���
���
�����$	��
"	���	!�����	�����
����	
�	%���&



�
��	���
��

The Campagna Romana, due to its richness of fossiliferous
sites and the presence of detailed chronostratigraphy, is an
exceptional archive of useful information for the study and
understanding of the paleobiogeography and paleoenvi-
ronment during the Pleistocene. In the present paper, we re-
port the results of an integrated approach between paleon-
tologists and volcanologists to the study of a fossil
rhinoceros skull occurring in the Campagna Romana. This
skull, ascribed to S. hemitoechus, is referred to approxima-
tely 0.500 Ma and represents the earliest occurrence of the
species in Europe. Because of its adaptation to an abrasive
diet, S. hemitoechus most likely found the Mediterranean
Basin to be a favourable climate for its diffusion. Successi-
vely, during the interglacial stages, the species become
common in the rest of western and northern Europe and it
reached its maximal geographic extension during MIS5.

*���
4	���������

The authors thank Stefano Stellino and Marco Albano (X-Ray
Diffraction and SEM Laboratories of Department of Earth Sci-
ence, Sapienza University of Rome) for technical support and Le-
onardo Maiorino (University of Roma Tre) for the photographs.
Also, the authors thank Emmanuel Billia and an anonymous re-
viewer for useful comments and suggestions.

����������

AGUSTÍ, J., OMS, O., PARÉS, J.M., MARTÍNEZ NAVARRO, B. & TURQ,
A. 2000. Dating and correlation of early human occupation in
the Baza formation (Guadix-Baza basin, SE Spain). Eraul 92,
113–122.

AZZAROLI, A. 1962. Validità della specie Rhinoceros hemitoechus
Falconer. Paleontographia Italica 57, 21–34.

AMBROSETTI, P., BARTOLOMEI, G., DE GIULI, C., FICCARELLI, G. &
TORRE, D. 1979. La breccia ossifera di Slivia (Aurisina-
Sistiana) nel Carso di Trieste. Bollettino della Società Paleon-
tologica Italiana 18(2), 207–220.

BARTOLOMEI, G., PERETTO, C. & SALA, B. 1977. Depositi a loess
con Ochotona e rinoceronte nel Carso di Trieste. Atti Accade-
mia Nazionale dei Lincei, ser. 8, 61(3–4), 280–283.

BARYSHNIKOV, G.F. 2002. Local biochronology of middle and late
Pleistocene mammals from the Caucasus. Russian Journal of
Theriology 1(1), 61–67.

BARYSHNIKOV, G.F. & TSOUKALA, E. 2010. New analysis of the
Pleistocene carnivores from Petralona Cave (Macedonia,
Greece) based on the Collection of the Thessaloniki Aristotle
University. Geobios 43, 389–402.
DOI 10.1016/j.geobios.2010.01.003

BERTINI, A. 2000. Pollen record from Colle Curti and Cesi: Early
and Middle Pleistocene mammal sites in the Umbro and
Marchean Apennine Mountains (Central Italy). Journal of
Quaternary Science 15, 825–840.
DOI 10.1002/1099-1417(200012)15:8<825::AID-JQS561
>3.0.CO;2-6

BIDDITTU, I., SEGRE, A.G. & SEGRE-NALDINI, E. 1984. Fontana
Ranuccio, 132–134. In AA.VV. I primi abitanti d’Europa:
1.500.000–100.000 anni, Museo nazionale preistorico etno-
grafico Luigi Pigorini, marzo–luglio 1984 (catalogo). De
Luca, Roma.

BORSUK-BIALYNICKA, M. & JAKUBOWSKI, G. 1972. The skull of
Dicerorhinus mercki (Jäger) from Warsaw. Prace Museum
Ziemi 20, 187–199.

BREDA, M., COLLINGE, S.E., PARFITT, S.A. & LISTER, A.M.
2010. Metric analysis of ungulate mammals in the early
Middle Pleistocene of Britain, in relation to taxonomy and
biostratigraphy. I: Rhinocerotidae and Bovidae. Quater-
nary International 228, 136–156.
DOI 10.1016/j.quaint.2010.05.010

BRIDGLAND, D.R., SCHREVE, D.C., KEEN, D.H., MEYRICK, R. &
WESTAWAY, R. 2004. Biostratigraphical correlation between
the late Quaternary sequence of the Thames and key fluvial lo-
calities in central Germany. Proceedings of the Geologists’
Association 115, 125–140.

CALOI, L. & PALOMBO, M.R. 1978. Anfibi, rettili e mammiferi di
Torre del Pagliaccetto (Torre in Pietra, Roma). Quaternaria
20, 315–428.

CALOI, L. & PALOMBO, M.R. 1979. Resti di mammiferi del Pleis-
tocene Medio di Malagrotta (Roma). Bollettino del Servizio
Geologico d’Italia 50, 141–188.

CALOI, L., PALOMBO, M.R. & ZARLENGA, F. 1998. Late Middle
Pleistocene mammal faunas of Latium – Stratigraphy and en-
vironment. Quaternary International 47/48, 77–86.
DOI 10.1016/S1040-6182(97)00073-6

CAPASSO BARBATO, L., DI STEFANO, G., PETRONIO, C. & SARDELLA,
R. 1998. Pleistocene mammal faunas from Ponte Molle
(Rome). Quaternary International 47/48, 73–75.
DOI 10.1016/S1040-6182(97)00072-4

CAPASSO BARBATO, L. & MINIERI, M.R. 1987. Nuovi resti di
carnivori del Pleistocene medio dei dintorni di Roma. Geo-
logica Romana 26, 1–15.

CAPASSO BARBATO, L., PALMARELLI, A. & PETRONIO, C. 1983. La
mammalofauna pleistocenica di Cerveteri (Roma). Bollettino
del Servizio Geologico d’Italia 102, 77–94.

CAPASSO BARBATO, L. & PETRONIO, C. 1981. La mammalofauna
pleistocenica di Castel di Guido (Roma). Bollettino del Ser-
vizio Geologico d’Italia 52, 95–108.

CARDOSO, J.L. 1993. Contribuíçao para o conhecímento dos
grandes mamiferos do Plístocéníco superior de Portugal.
Cámara Municipal de Oeiras.

CERDEÑO, E. 1989. Rhinocerotidae (Mammalia, Perissodactyla)
de la cuenca de Guadix-Baza. Trabajos Neógeno-Cuaternario
11, 273–288.

CERDEÑO, E. 1990. Stephanorhinus hemitoechus (Falc.) (Rhino-
cerotidae, Mammalia) del Pleistoceno Medio y Superior de
España. Estudios Geologicos 46, 465–479.

CERDEÑO, E. 1993. Remarks on the Spanish Plio-Pleistocene
rhinocerotid Stephanorhinus etruscus. Comptes Rendus de
l’Academie des Sciences de Paris 2(317), 1363–1367.

CERDEÑO, E. 1995a. Cladistic analysis of the Family Rhinocerotidae
(Perissodactyla). American Museum Novitates 31, 1–25.

CERDEÑO, E. 1995b. Changes in Western European Rhinocero-
tidae related to climatic variations. Palaeogeography, Palaeo-
climatology, Palaeoecology 114, 325–338.
DOI 10.1016/0031-0182(94)00085-M

CERDEÑO, E. 1998. Diversity and evolutionary trends of the fam-
ily Rhinocerotidae (Perissodactyla). Palaeogeography,

$�

��������	
�	��
������	�	�
��	���	��	����



Palaeoclimatology, Palaeoecology 141, 13–34.
DOI 10.1016/S0031-0182(98)00003-0

CHEN, G. 1977. A new genus of Iranotheriinae of Ningxia.
Vertebrata PalAsiatica 15(2), 143–147.

CIGALA FULGOSI, F. 1976. Dicerorhinus hemitoechus (Falconer)
del post-Villafranchiano fluvio lacustre del T. Stirone (Salso-
maggiore, Parma). Bollettino della Società Paleontologica
Italiana 15(1), 59–72.

COLTORTI, M., FERAUD, G., MARZOLI, A., PERETTO, C., TON-THAT,
Y., VOINCHET, P., BAHAIN, J.J., MINELLI, A. & HOHENSTEIN,
U.T. 2005. New 40Ar/39Ar, stratigraphic and palaeoclimatic
data on the Isernia La Pineta Lower Palaeolithic site, Molise,
Italy. Quaternary International 131, 11–22.
DOI 10.1016/j.quaint.2004.07.004

CONATO, V., ESU, D., MALATESTA, A. & ZARLENGA, F. 1980. New
data on Pleistocene of Rome. Quaternaria 22, 131–176.

CRÉGUT-BONNOURE, E. & TSOUKALA, E. 2005. The Pleistocene
Caprinae from the Petralona Cave (Macedonia, Greece): new
interpretation and biogeographical implications. Quaternaire
2, 161–177.

DENG, T. 2008. New elasmothere (Perissodactyla, Rhinocero-
tidae) from the late Miocene of the Linxia Basin in Gansu,
China. Geobios 41, 719–728.
DOI 10.1016/j.geobios.2008.01.006

DENG, T., WANG, X., FORTELIUS, F., LI, Q., WANG, Y., TSENG, Z.J.,
TAKEUCHI, G.T., SAYLOR, J.E., SÄILÄ, L.K. & XIE, G. 2011. Out
of Tibet: Pliocene woolly rhino suggests high-plateau origin of
ice age megaherbivores. Science 333, 1285–1288.
DOI 10.1126/science.1206594

DI CANZIO, E., BEDETTI, C., PETRONIO, C. & SARDELLA, R. 2003.
Middle Pleistocene vertebrate fauna from Cretone (Sabina,
Latium). Bollettino della Società Paleontologica Italiana
42(1–2), 129–132.

DI STEFANO, G., PETRONIO, C. & SARDELLA, R. 1998. Biochrono-
logy of the Pleistocene mammal faunas from Rome urban
area. Il Quaternario 11(2), 191–199.

FALCONER, H. 1868. On the European Pliocene and Postpliocene
species of the genus Rhinoceros. Paleontological Memoires
and Notes 2, 309–403.

FORTELIUS, M. 1982. Ecological aspects of dental functional mor-
phology in the Plio-Pleistocene Rhinoceroses of Europe,
163–181. In KURTÉN, B. (ed.) Teeth: form, function and evolu-
tion. Columbia University Press.

FORTELIUS, M., MAZZA, P. & SALA, B. 1993. Stephanorhinus
(Mammalia, Rhinocerotidae) of the western European Pleisto-
cene, with a special revision of Stephanorhinus etruscus (Fal-
coner, 1868). Paleontographia Italica 80, 63–155.

FORTELIUS, M. & POULIANOS, N.A. 1978. Dicerorhinus cf.
hemitoechus (Mammalia, Perissodactyla) from the Middle
Pleistocene Cave at Petralona-Chalkidiki (N. Greece). Prelim-
inary report. Anthropos 5, 15–43.

GERAADS, D. 1982. Paleobiogeographie de l’Afrique du Nord
depuis le Miocène terminal, d’après les grands mammifères.
Geobios Mémoire Spécial 6, 473–481.
DOI 10.1016/S0016-6995(82)80135-6

GLIOZZI, E., ABBAZZI, L., ARGENTI, P., AZZAROLI, A., CALOI, L.,
CAPASSO BARBATO, L., DI STEFANO, G., ESU, D., FICCARELLI,
G., GIROTTI, O., KOTSAKIS, T., MASINI, F., MAZZA, P., MEZZA-

BOTTA, C., PALOMBO, M.R., PETRONIO, C., ROOK, L., SALA, B.,
SARDELLA, R., ZANALDA, E. & TORRE, D. 1997. Biochronology
of selected mammals, molluscs and ostracods from the middle
Pliocene to the late Pleistocene in Italy. The state of the art.

Rivista Italiana di Paleontologia e Stratigrafia 103(3),
369–388.

GROMOVA, V.I. 1935. Ob ostatkakh nosoroga Merka (Rhinoceros
mercki Jaeg.) s Nizhney Volgi [Ueber die Reste des Merck-
schen Nashorn (Rhinoceros mercki Jaeg.) von der unteren
Wolga] [On remains of Merck’s rhinoceros, Rhinoceros
mercki Jaeg., from Southern Volga]. Trudy Paleontologiches-
kogo Instituta Akademii Nauk SSSR IV, 91–131 + tables I–III.
Akademiya Nauk SSSR, Moskva & Leningrad. [in Russian,
German abstract]

GUÉRIN, C. 1973. Les trois espèces de Rhinocéros (Mammalia,
Perissodactyla) du gisement Pléistocène moyen des Abîmes
de La Fage a Noailles (Corrèze). Nouvelles Archives Museum
Histoire Naturelle de Lyon 11, 55–84.

GUÉRIN, C. 1980. Les rhinocéros (Mammalia, Perissodactyla) du
Miocène terminal au Pléistocène supérieur en Europe occi-
dentale. Comparaison avec les espèces actuelles. Documents
du Laboratoire de Géologie de Lyon 79(1–3), 1–1185.

GUÉRIN, C. 1989. La famille des Rhinocerotidae (Mammalia,
Perissodactyla): Systématique, histoire, évolution, paléo-
écologie. Cranium 6, 3–14.

HERNESNIEMI, E., BLOMSTEDT, K. & FORTELIUS, M. 2011. Multi-
view stereo 3D reconstruction of lower molars of Recent and
Pleistocene rhinoceroses for mesowear analysis. Palaeonto-
logia Electronica 14(2), http://palaeo-electronica.org, 1–15.

KAHLKE, R.D., GARCÍA, N., KOSTOPOULOS, D.S., LACOMBAT, F.,
LISTER, A.M., MAZZA, P., SPASSOV, N. & TITOV, V.V. 2010.
Western Palaearctic palaeoenvironmental conditions during
the Early and early Middle Pleistocene inferred from large
mammal communities, and implications for hominin dispersal
in Europe. Quaternary Science Reviews.
DOI 10.1016/j.quascirev.2010.07.020

KAHLKE, R.D. & KAISER, T.M. in press. Generalism as a subsis-
tence strategy: advantages and limitations of the highly flexi-
ble feeding traits of Pleistocene Stephanorhinus hund-
sheimensis (Rhinocerotidae, Mammalia). Quaternary Science
Reviews. DOI 10.1016/j.quascirev.2009.12.012

KOENIGSWALD, W., HOLLY SMITH, B., ARBOR, A. & KELLER, T.
2007. Supernumerary teeth in a subadult rhino mandible
(Stephanorhinus hundsheimensis) from the middle Pleisto-
cene of Mosbach in Wiesbaden (Germany). Paläontologische
Zeitschrift 81(4), 416–428.

KOTSAKIS, T., ESU, D. & GIROTTI, O. 1992. A post-Villafranchian
cold event in central Italy testified by continental Molluscs
and Rodents. Bollettino della Società Geologica Italiana 111,
335–340.

KOUFOS, G. & TSOUKALA, E. 2007. Petralona Cave. 134 pp. Edi-
tions Aristotle University, Thessaloniki.

KRETZOI, M. 1942. Bemerkungen zum system der nächmiozänen
Nashorn-Gattungen. Földtani Közlöny 72, 309–318.

LACOMBAT, F. 2005. Les rhinocéros fossiles des sites pré-
historiques de l’Europe méditerranéenne et du Massif central.
Paléontologie et implications biochronologiques. BAR Inter-
national Series 1419, 1–175.

LOOSE, H.K. 1975. Pleistocene Rhinocerotidae of Western Eu-
rope with Reference to the Recent Two-Horned Species of Af-
rica and S.E. Asia. Scripta Geologica 33, 1–59.

MADE, J. VAN DER 2010. The rhinos from the Middle Pleistocene
of Neumark-Nord (Saxony-Anhalt), 433–537. In MANIA, D. et
al. (eds) Neumark-Nord: Ein interglaziales Ökosystem des
mittelpaläolithischen Menschen. Veröffentlichungen des
Landesmuseums für Vorgeschichte, Band 62.

$�

���� ����
��� ��	��� �	�������
�����	 !�""�����	#���
���
�����$	��
"	���	!�����	�����
����	
�	%���&



MANCINI, M., PALOMBO, M.R., PETRONIO, C., SARDELLA, R., BEDETTI,
C., BELLOCCI, L., DI CANZIO, E., GIOVINAZZO, C., PETRUCCI, M. &
TRUCCO, F. 2006. Middle Pleistocene vertebrate-bearing fluvial
deposits in the Ceriti Mts area. Geologica Romana 39, 27–38.

MARKS, A.E., BRUGAL, J.P., CHABAI, V.P., MONIGAL, K., GOLD-

BERG, P., HOCKETT, B., PEMAN, E., ELORZA, M. & MALLOLL, C.
2002. Le gisement Pléistocène moyen de Galeria Pesada,
(Estrémadure, Portugal): premiers résultats. Paléo 14, 77–100.

MASOTTA, M., GAETA, M., GOZZI, F., MARRA, F., PALLADINO, D.M.
& SOTTILI, G. 2010. H2O- and temperature-zoning in magma
chambers: the example of the Tufo Giallo della Via Tiberina
eruptions (Sabatini Volcanic District, central Italy). Lithos
118, 119–130. DOI 10.1016/j.lithos.2010.04.004

MAZZA, P. 1993. Ethological inferences on Pleistocene rhinocer-
oses of Europe. Rendiconti dell’Accademia dei Lincei s. 9,
6(2), 127–137.

MELI, R. 1896. Notizie sopra alcuni resti di mammiferi (ossa e
denti isolati) quaternarii, rinvenuti nei dintorni di Roma.
Bollettino della Società Geologica Italiana 15, 291–296.

MILLI, S., PALOMBO, M.R., PETRONIO, C. & SARDELLA, R. 2004.
The Middle Pleistocene deposits of the Roman Basin (Latium,
Italy): an integrated approach of mammal biochronology and
sequence stratigraphy. Rivista Italiana di Paleontologia e
Stratigrafia 110, 557–567.

MOIGNE, A.-M., PALOMBO, M.R., BELDA, V., HERIECH-BRIKI, D.,
KACIMI, S., LACOMBAT, F., DE LUMLEY, M.-A., MOUTOUSSAMY,
J., RIVALS, F., QUILES, J. & TESTU, A. 2006. Les faunes de
grands mammifères de la Caune de l’Arago (Tautavel) dans le
cadre biochronologique des faunes du Pléistocène moyen
italien. L’Anthropologie 110, 788–831.
DOI 10.1016/j.anthro.2006.10.011

PANDOLFI, L. 2011. Il cranio di Stephanorhinus hemitoechus (Fal-
coner, 1859) di Fosso Malafede (Vitinia, Roma) con note sulla
prima presenza della specie in Italia. Il Quaternario 24(2),
171–178.

PANDOLFI, L. & PETRONIO, C. 2011. The small-sized rhinoceroses
from the Late Pleistocene of Apulia (southern Italy). Rivista
Italiana di Paleontologia e Stratigrafia 117(3), 509–520.

PAVLOVA, M.V. 1925. Iskopaemye mlekupitayushchie iz Tira-
spol’skogo gravya Khersonskoy gubernii [Fossil mammals
from the “Tiraspol’ gravel”, Kherson government]. Memuary
Geologicheskogo Otdelya Obshchestva Lyubiteley Estes-
tvoznanya, Antropologii i Etnografii, Moskva 3. [in Russian]

PETRONIO, C. 1988. Una mandibola di rinoceronte di Ponte Ga-
leria (Roma). Atti della Società Italiana di Scienze naturali e
del Museo Civico di Storia Naturale di Milano 129(2–3),
173–178.

PETRONIO, C. & SARDELLA, R. 1999. Biochronology of the Pleisto-
cene mammal fauna from Ponte Galeria (Rome) and remarks
on the Middle Galerian faunas. Rivista Italiana di Paleon-
tologia e Stratigrafia 105, 155–164.

PETRONIO, C. & SARDELLA, R. 2001. Mammal faunas from Ponte
Galeria Formation. EUROMAM 2001, 22–24, Roma.

PETRONIO, C., BELLUCCI, L., MARTINETTO, E., PANDOLFI, L. &
SALARI, L. 2011. Biochronology and palaeoenvironmental
changes from the Middle Pliocene to the Late Pleistocene in
central Italy. Geodiversitas 33(3), 485–517.
DOI 10.5252/g2011n3a4

PONZI, G. 1867. Storia fisica del bacino di Roma. Atti Accademia
Pontificia Nuovi Lincei 20, 1–20.

PONZI, G. 1878. Ossa fossili subappennine dei dintorni di Roma.
Reale Accademia dei Lincei 2(3), 1–30.

PORTIS, A. 1893. Storia fisica del Bacino di Roma e studi sopra
l’estensione da darsi al Pliocene superiore. 513 pp. Roux
Trassati & Co., Torino.

RUSSO ERMOLLI, E., AUCELLI, P.P.C., DI ROLLO, A., MATTEI, M.,
PETROSINO, P., PORRECA, M. & ROSSKOPF, C.M. 2010. An inte-
grated stratigraphical approach to the Middle Pleistocene suc-
cession of the Sessano basin (Molise, Italy). Quaternary Inter-
national 225, 114–127. DOI 10.1016/j.quaint.2009.04.008

SALA, B. & FORTELIUS, M. 1993. The rhinoceroses of Isernia la
Pineta (early middle Pleistocene, Southern Italy). Paleon-
tographia Italica 80, 157–174.

SÁNCHEZ, A., FRAILE, S., MADE, J. VAN DER, MORALES, J., QUIRAL -

TE, V., SALESA, M.J., SÁNCHEZ, I.M., SANCHIZ, B., SORIA, D.,
JIMÉNEZ, J., BARBADILLO, L.J., LAPLANA, C. & SZYNDLAR, Z.
2003. Primeros datos faunísticos del Neolítico madrileño: la
cueva de la Ventana (Torrelaguna, Madrid), 155–165. In
ARIAS CABAL, P., ONTAÑÓN PEREDO, R. & GARCÍA-MONCÓ

PIÑEIRO, C. (eds) III Congreso del Neolítico en la Península
Ibérica. Monografias del Instituto Internacional de Investi-
gaciones Prehistóricas de Cantabria 1.

SESÉ, C. & SOTO, E. 2005. Mamíferos del yacimiento del Pleisto-
ceno Medio de Ambrona (Soria, España): Análisis faunístico e
interpretación paleoambiental, 258–280. In SANTONJA, M. &
PÉREZ-GONZÁLEZ, A. (eds) Los yacimientos paleolíticos de
Ambrona y Torralba (Soria). Un siglo de investigaciones
arqueológicas. Zona Arqueológica 5.

SCHREVE, D.C. 1996. The mammalian fauna from the Waechter
excavations, Barnfield Pit, Swanscombe, 149–162. In CON-

WAY, B., MCNABB, J. & ASHTON, N. (eds) Excavations at
Barnfield Pit, Swanscombe, 1968–72. Occasional paper, 94.
British Museum, London.

SCHREIBER, H.D. 2005. Osteological investigations on skeleton
material of Rhinoceroses (Rhinocerotidae, Mammalia) from
the early Middle Pleistocene locality of Mauer near Heidel-
berg (SW-Germany). Quaternaire, hors série 2, 103–111.

SOTTILI, G., PALLADINO, D.M., GAETA, M. & MASOTTA, M. 2011.
Origins and energetics of maar volcanoes: examples from the
ultrapotassic Sabatini Volcanic District (Roman Province,
Central Italy). Bulletin of Volcanology 74(1), 163–186.
DOI 10.1007/s00445-011-0506-8

SOTTILI, G., PALLADINO, D.M., MARRA, F., JICHA, B., KARNER,
D.B. & RENNE, P. 2010. Geochronology of the most recent ac-
tivity in the Sabatini Volcanic District, Roman Province, cen-
tral Italy. Journal of Volcanology and Geothermal Research
196(1–2), 20–30. DOI 10.1016/j.jvolgeores.2010.07.003

TOULA, F. 1902. Das Nashorn von Hundsheim. Rhinoceros (Ce-
ratorhinus) hundsheimensis nov. form. Abhandlungen der
Kaiserlich-Königlichen Geologischen Reichsanstalt (Wien)
19, 1–223.

TYRÁČEK, J., FEJFAR, O., FRIDRICH, J., KOVANDA, J., SMOLÍKOVÁ, L.
& SÝKOROVÁ, J. 2001. Račiněves – a new Middle Pleistocene
interglacial in the Czech Republic. Bulletin of the Czech Geo-
logical Survey 76, 127–139.

TYRÁČEK, J., WESTAWAY, R. & BRIDGLAND, D.R. 2004. River ter-
races of the Vltava and Labe (Elbe) system, Czech Republic, and
their implications for the uplift history of the Bohemian Massif.
Proceedings of the Geologists’ Association 115, 101–124.

WAGNER, G.A., KRBETSCHEK, M., DEGERING, D., BAHAIN, J.-J.,
SHAO, Q., FALGUÈRES, C., VOINCHET, P., DOLO, J.-M., GARCIA,
T. & RIGHTMIRE, G.P. 2010. Radiometric dating of the type-
site for Homo heidelbergensis at Mauer, Germany. PNAS
107(46), 19726–19730. DOI 10.1073/pnas.1012722107

$%

��������	
�	��
������	�	�
��	���	��	����



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 280
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.25000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 280
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.25000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CZE <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


