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d Environmental Analytical and Geoanalytical Research Group, Szentágothai Research Centre, University of Pécs, Pécs, Hungary
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A B S T R A C T

The rhinoceros remains collected during the past century in the lower levels XII (= K) and XI (= I) of the

famous Pleistocene locality of Grotta Romanelli (Lecce, southern Italy) are described and compared in

detail for the first time. Some remains are referred to Stephanorhinus sp. and others are assigned here to

the late early-middle Pleistocene European species Stephanorhinus hundsheimensis based on several

morphological characters. Based on its olivine-bearing texture, the volcanoclastic ash sampled from

some rhinoceros bones can be referred to the first phase of the Monte Vulture activity (around 630 ka).

The results of the stable isotope analyses suggest that the climate in the lowest levels of Grotta Romanelli

could have been more arid than it was at the time of the upper level IX, which is generally referred to the

late Pleistocene. In addition, both recent day d18Oppt values and MAT are very similar to values calculated

for levels X and XII, suggesting that the climate at those times may have been close to the Present one,

whereas climate in level IX may have been somewhat cooler. The presence of Stephanorhinus

hundsheimensis suggests a middle Pleistocene age for the lower levels of Grotta Romanelli, in agreement

with the results obtained from the volcanoclastic material.
�C 2018 Elsevier Masson SAS. All rights reserved.
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1. Introduction

Fossil mammal assemblages are relatively well-documented in
southern Italian karsts or cave fillings, in particular in the Apulian
area. They are mainly referred to the late Pleistocene (Mirigliano,
1941; Cardini, 1958; De Giuli, 1983; Corridi, 1987; Rustioni et al.,
1994; Bologna et al., 1994; Petronio et al., 2007; Pandolfi and
Petronio, 2011a; Pandolfi et al., 2017b), with the exception of the
lower Pleistocene mammal assemblage of Pirro Nord (Foggia
Province; De Giuli et al., 1987; Arzarello et al., 2006) and the
middle Pleistocene mammal assemblage of Contrada Monticelli
(Bari Province; Mazza and Varola, 1999). Recently, the presence of
Holocene karst deposits was also documented in the Salento
Peninsula (Cava Donno, Lecce; Pandolfi et al., 2017b). Among
others, the cave deposit of Grotta Romanelli (Castro, Lecce)
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(Fig. 1(A)) is one of the most famous and studied of the Salento
area, today opening about 7 m above the sea level (Blanc, 1920,
1928; Mastronuzzi et al., 2007). According to Blanc (1920), the
platform is marked by potholes (referable to the last interglacial;
see Mastronuzzi et al., 2007) partially filled by thin beach deposits
with pebbles, pumice and rare marine fossils. Several mammal
remains have been recovered from the beach deposits (level XII).
Thick slope deposits, represented by red breccia and relatively
scarce bones (level XI), cover the level XII (Fig. 1(B)). The
stalagmites H (level X) and F (level VIII) were radiometrically
dated to < 69 ka and 40 � 3,250 ka, respectively (Fornaca-Rinaldi
and Radmilli, 1968) (Fig. 1). The sequence of Grotta Romanelli is
closed by fine breccia deposits which developed diffusely along the
coastal area during the last glacial period (Bella et al., 1958; Vogel and
Waterbolk, 1963; Alessio et al., 1964, 1965). The age of the
fossiliferous layers underlying the fine breccia deposits has been
discussed in literature and has been generally referred to the late
Pleistocene by Bologna et al. (1994) and Di Stefano et al. (1992). Nev-
ertheless, the scantly mammal remains collected from the levels XII
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Fig. 1. A. Location map of Grotta Romanelli (Lecce, southern Italy; from Pandolfi and Tagliacozzo, 2013). B. Stratigraphy of Grotta Romanelli (modified from Blanc, 1920). On

the left of the stratigraphy are reported the levels according to Blanc (1920) (letters) and according to other authors (roman numbers); on the right are reported the depth in

meters of the stratigraphic sequence and the two speleotheme radiometric ages.
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(K), XI (I), and X (H) of the cave have never been revised or better
investigated after the works of Blanc (1928, 1953). During the
revision of the present work, Sardella et al. (2018) published a paper
on the history of excavations and studies at Grotta Romanelli but they
did not add new data about the levels investigated here and on the
systematics of the taxa considered. A short note on a third metacarpal
of rhinoceros from the stalagmite level X was published by Pandolfi
and Tagliacozzo (2013), based on a revision (started on 2012;
authorisation n. 0000584, dated 16/02/2012) of the mammal remains
from Grotta Romanelli stored in the Museo Nazionale Preistorico
Etnografico Luigi Pigorini (MNPELP). Pandolfi and Tagliacozzo (2013)
ascribed the remain to Coelodonta, suggesting a Late Glacial age for
this level. Nevertheless, Blanc (1953) claimed that the level X
included two different strata, one composed of a degradation of the
level XI and another composed of a stalagmitic crust. The remain of
Coelodonta was probably collected from the stalagmitic crust, as
suggested by its high mineralization and its different conservation
status compared to other remains collected from level XII and level XI.
In addition, unpublished remains of Capra ibex, which suggests cold
climatic conditions, have been identified among the material
collected from level X (Cassoli, unpubl. data); they are ecologically
consistent with the presence of the woolly rhinoceros. Unfortunately,
the lower levels XII (K) and XI (I) of Grotta Romanelli were completely
excavated during the past century and these deposits do not exist
anymore. Therefore, important data on the taphonomy and/or
tephrochronology cannot be collected or observed in situ but have
to be extrapolated from the fossil bones that are included in the study
collection.

The rhinoceros remains from the levels XII (K) and XI (I) of the
Grotta Romanelli sequence are described here. They are particu-
larly abundant among the specimens collected from the lower
levels, whereas other taxa are scarcely documented or are
represented by fragmentary remains. In addition, taphonomic
observations and geochemical analyses have been performed to
investigate the levels XII (K) and XI (I), their age and palaeoenvi-
ronment.

2. Material and methods

Institutional abbreviations: HNHM, Hungarian Natural Histo-
ry Museum, Budapest, Hungary; IGF, Museo di Storia Naturale,
sezione di Zoologia, Florence, Italy; MfN, Museum für Naturkunde,
Berlin, Germany; MGGC, Museo di Geologia Giovanni Capellini,
Bologna, Italy; MGPP, Museo di Geologia e Paleontologia, Padua,
Italy; MNCN, Museo Nacional de Ciencias Naturales, Madrid, Spain;
MNPELP, Museo Nazionale Preistorico Etnografico Luigi Pigorini,
Rome, Italy; MPUR, Museo di Paleontologia, Sapienza Università di
Roma, Rome, Italy; MSNV, Museo di Storia Naturale, Verona, Italy;
MSTB, Museo di Scienze della Terra, Università di Bari, Bari, Italia;
NHML, Natural History Museum, London, England; NHMW,
Naturhistorisches Museum, Wien, Austria; NMB, Naturhistori-
sches Museum, Basel, Switzerland.

2.1. Palaeontology

The rhinoceros specimens studied here (Table 1) are currently
stored at MNPELP in Rome; they have been discovered in lower
levels XII, XI and X of Grotta Romanelli during archaeological
excavations of the 1900s, 1910s, 1950s, and 1960s (Blanc, 1920;
Cardini and Biddittu, 1967; Tagliacozzo, 2003). The morphological
descriptions of the specimens are based on Guérin (1980), Antoine



Table 1
List of Pleistocene rhinoceros specimens from level XII and XI of Grotta Romanelli (Lecce, southern Italy) included in this study.

Anatomical element Inventory number Stratigraphic level Side Taxonomy

Fragment of upper tooth P7476 XII Stephanorhinus sp.

Fragment of lower tooth P7477 XII Stephanorhinus sp.

Fragment of upper tooth P7484 XII Stephanorhinus sp.

Fragment of lower tooth P7485 XII Stephanorhinus sp.

Fragment of lower tooth P7486 XII Stephanorhinus sp.

Fragment of lower tooth P7487 XII Stephanorhinus sp.

Fourth lower deciduous (juv.) P7423 XII dx. Stephanorhinus sp.

Hemimandible (juv.) P7434 XII dx. Stephanorhinus sp.

Scapula P7435 XI sn. Stephanorhinus hundsheimensis

Radius P7436 XII sn. Stephanorhinus hundsheimensis

Magnum P7440 XII sn. Stephanorhinus hundsheimensis

Pyramidal P7442 XII dx. Stephanorhinus hundsheimensis

Pisiform P7443 XII sn. Stephanorhinus hundsheimensis

Radius (juv.) P7444 XII sn. Stephanorhinus sp.

Humerus (juv.) P7445 XII sn. Stephanorhinus sp.

Semilunar P7446 XII sn. Stephanorhinus sp.

Calcaneum P7448 XI sn. Stephanorhinus hundsheimensis

Astragalus P7449 XII dx. Stephanorhinus hundsheimensis

Cuboid P7451 XII sn. Stephanorhinus hundsheimensis

Cuboid P7452 XII dx. Stephanorhinus hundsheimensis

Second metatarsal P7453 XII sn. Stephanorhinus sp.

Third metacarpal P7456 XII sn. Stephanorhinus hundsheimensis

Fourth metacarpal P7459 XII dx. Stephanorhinus hundsheimensis

Third metatarsal P7461 XII dx. Stephanorhinus hundsheimensis

Third metatarsal P7463 XII sn. Stephanorhinus hundsheimensis

Fourth metatarsal P7464 XII sn. Stephanorhinus hundsheimensis

Patella P7465 XI dx. Stephanorhinus hundsheimensis

Ulna P7467 XII dx. Stephanorhinus hundsheimensis

Tibia (juv.) P7468 XII dx. Stephanorhinus sp.

Ulna P7469 XII sn. Stephanorhinus hundsheimensis

Fibula P7470 XII dx. Stephanorhinus sp.

Second metacarpal P7471 XII dx. Stephanorhinus hundsheimensis

Humerus P7474 XII dx. Stephanorhinus sp.

First central phalanx P7488 XII ?Stephanorhinus sp.

First central phalanx P7489 XII ?Stephanorhinus sp.

Second metatarsal, fragment P7490 XII ?Stephanorhinus sp.

Second metatarsal, fragment P7491 XII ?Stephanorhinus sp.

Third metacarpal, fragment P7492 XII ?Stephanorhinus sp.

Metapodial indeterminate P7493 XII ?Stephanorhinus sp.

Onciform, fragment P7494 XII ?Stephanorhinus sp.

Second central phalanx P7495 XII ?Stephanorhinus sp.

Second central phalanx P7496 XII ?Stephanorhinus sp.

Third central phalanx P7497 XII ?Stephanorhinus sp.

Third central phalanx P7498 XII ?Stephanorhinus sp.

First lateral phalanx P7499 XII ?Stephanorhinus sp.

First lateral phalanx P7500 XII ?Stephanorhinus sp.

First lateral phalanx P7501 XII ?Stephanorhinus sp.

Second lateral phalanx P7502 XII ?Stephanorhinus sp.

Fragment of pelvis P7503 XII dx. ?Stephanorhinus sp.

Fragment of ulna P7504 XI sn. ?Stephanorhinus sp.

Third metacarpal, fragment P7505 XI sn. ?Stephanorhinus sp.

Distal articular surface of femur, fragment P7506 XI sn. ?Stephanorhinus sp.

Fourth metatarsal, fragment P7507 XI sn. ?Stephanorhinus sp.
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(2002), and Pandolfi and Tagliacozzo (2015). The studied
specimens were morphologically compared to several specimens
of Stephanorhinus hundsheimensis, S. kirchbergensis, S. hemitoechus,
and Coelodonta antiquitatis from a number of European localities
housed in several European collections (HNHM, IGF, MfN, MGGC,
MGPP, MNCN, MNPELP, MPUR, MSNV, MSTB, NHML, NHMW, and
NMB).

2.2. Taphonomy

The lower levels of Grotta Romanelli were completely
excavated during the past century and taphonomic data are
lacking or scarcely documented. The bone surfaces of 53 rhinoceros
specimens have been inspected, 46 of which were collected from
the level XII (Table 2). Microscopic analyses of the bone surfaces
were carried out using Nikon 1000 stereomicroscopes with a 20–
220 magnification range. In order to identify the nature of the
surface alterations on the bones, and to distinguish traces of
human activity from animal-derived traces, as well as trampling
modifications from the alterations produced during the excava-
tion, reference was made to specific taphonomic analyses in the
literature (Binford, 1981; Lyman, 1994; Fisher, 1995; Gaudzinski,
1999; Pirrone et al., 2014; Pokines and Symes, 2013). The degree of
combustion was evaluated following Shipman et al.’s (1984) and
Stiner et al.’s (1995) methodology. Bökönyi’s (1970) approach has
been followed to evaluate species abundance and estimate the
minimum number of individuals (MNI).

2.3. Stable isotope measurements

The sampling, pre-treatment, and measurement methods
adopted here are the same as in Kovács et al. (2015). Enamel



Table 2
Minimum number of individuals (MNI) and number of identified specimens (NISP)

estimated for the Pleistocene rhinoceros remains of the lower levels of Grotta

Romanelli (Lecce, southern Italy).

Anatomical element XII XI X Total

Hemimandible 1 1 2

Teeth 7 3 10

Long bones - anterior leg 6 2 8

Carpus 5 5

Metacarpus 4 1 5

Long bone - posterior leg 3 2 5

Tarsus 3 1 4

Metatarsus 6 1 7

First central phalanx 2 2

Second central pahalnx 2 2

Third central phalanx 2 2

First lateral phalanx 3 3

Second lateral phalanx 1 1

Metapodial indeterminate 1 1

Total NISP 46 7 4 57
NMI 5 2 1 8

Table 3
List of Pleistocene rhinoceros specimens from Grotta Romanelli (Lecce, southern

Italy) sampled for isotopic analyses and specimens from which volcanoclastic

material has been collected.

List of specimens for isotopic analyses

Anatomical element Inventory number Stratigraphic level

Fragment of third upper molar P7475 IX

Fragment of upper tooth P7476 XII

Fragment of lower tooth P7477 XII

Fragment of upper tooth P7478 X

Fragment of upper tooth P7479 X

Fragment of upper tooth P7480 X

Tooth fragment P7481 IX

Fragment of lower tooth P7482 IX

Fragment of lower tooth P7483 IX

Fragment of upper tooth P7484 XII

Tooth fragment P7485 XII

Tooth fragment P7486 XII

Fragment of lower tooth P7487 XII

List of sampled specimens for volcanoclastic analysis

Anatomical element Inventory number Stratigraphic level

Radius (juv.) P7444 XII

Humerus P7474 XII

Mandible (juv.) P7434 XII

Ulna P7467 XII

Fig. 2. Hemimandible (P7434) of Stephanorhinus sp. from the level XII of Grotta

Romanelli (Pleistocene; Lecce, Southern Italy) in buccal (A), occlusal (B) and lingual

(C) views. Scale bars: 5 cm.
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was sampled along a vertical line parallel to the length axis of
specimens (typically �1–2 cm) with a Dremel diamond-studded
drill (Tafforeau et al., 2007; Metcalfe and Longstaffe, 2012). Sample
powder was pre-cleaned following Koch et al.’s (1997) method.
After pre-cleaning, a �2 mg subsample was used for the carbonate
isotope measurements. Concerning d18OPO4 analyses on dissolved
samples, phosphate ions were precipitated as silver phosphate
(Dettman et al., 2001; Kocsis, 2011). The carbon and oxygen
isotopic compositions of structural carbonate were measured
using a Finnigan MAT Delta Plus XL mass spectrometer equipped
with a GASBENCH-II preparation unit. Carrara marble in-house
standards (d18O = �1.70% VPDB; d13C = 2.05% VPDB) were
analysed in the same sequence than samples and used for data
correction. The reproducibility of the in-house standard was less
than 0.1% (1s) for both oxygen and carbon isotope compositions.
For the phosphate d18O analyses, silver-phosphate was analysed
via reduction with graphite in a TC/EA (high-temperature
conversion elemental analyser) coupled to a Finnigan MAT Delta
Plus XL mass spectrometer according to the values and method
given in Vennemann et al. (2002). The results were corrected to in-
house Ag3PO4 phosphate standards (LK-2L: 12.1%, and LK-3L:
17.9%) which showed standard deviations (1s) lower than � 0.3%
during the measurements. The carbon and oxygen isotope compo-
sitions are expressed relative to the VPDB (Vienna Pee Dee Belemnite)
and VSMOW (Vienna Standard Mean Ocean Water) standards,
respectively. The isotope analyses were conducted in the stable
isotope laboratory of the University of Lausanne. For the interpreta-
tion of the d13CCO3 results, the modern equivalent diet composition
(d13Cdiet,meq) can be calculated with the equation of Domingo et al.
(2013):

d13
Cdiet; meq ¼ d13

Cleaf þ d13
CmodernatmCO2�d13

CancientatmCO2

� �

where the ancient atmosphere is referred to �6.5% (Tipple et al.,
2010) and the modern atmosphere value was referenced to �8%
(d13Cmodernatm, year 2000; Kohn, 2010).

Teeth of large (> 100 kg), obligate drinking mammals record an
average oxygen isotope composition of ingested water (d18Ow)
allowing for the computation of d18Ow values (Ayliffe et al., 1992;
Bryant and Froelich, 1995; Koch, 1998). In this study the d18Ow

values were calculated with two different general equations: Kohn
and Cerling (2002), and Amiot et al. (2004).

The analysed material is listed in Table 3. It includes remains
from level XII, X and IX in order to evaluate possible differences in
enamel composition in the different levels and to evidence
potential variations in palaeoenvironmental parameters.

2.4. Volcanoclastic material

The presence of volcanoclastic material (in particular pumice)
within the thin beach deposits with pebbles and rare marine fossils
(level XII) was already reported by Blanc (1920), but this material
had never been studied or analysed in details except for a paper
published in the 1950s (Lazzari, 1955). Unfortunately, no sample of
the volcanoclastic material had been collected by past scholars;
therefore, it has been detected on some bones included in this
study.
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The volcanoclastic matrix present in the internal and external
parts of the bones (Table 3) was carefully removed using a thin
blade from four rhinoceros bones from level XII. The sediment was
inspected under a binocular microscope, separating the different
components (e.g., minerals, rock fragments) which were mounted
on the stabs. Morphoscopic structures were observed at the
Dipartimento di Scienze della Terra, Sapienza-Università di Roma,
using a FEI Quanta 400 SEM. The composition of phases present in
the selected pumice clast was determined at CNR-IGAG (Rome,
Italy) using a CAMECA SX50 electron microprobe equipped with
five wavelength-dispersive spectrometers (WDS) employing a
15 kV accelerating voltage, a 5 nA beam current, and a 0–10 mm
beam diameter. Natural and synthetic standards, as well as the ZAF
correction scheme, were used.

3. Systematic palaeontology

Class Mammalia Linnaeus, 1758
Order Perissodactyla Owen, 1848
Family Rhinocerotidae Gray, 1821
Subfamily Rhinocerotinae Gray, 1821
Tribe Rhinocerotini Gray, 1821
Genus Stephanorhinus Kretzoi, 1942
Type species: Stephanorhinus etruscus (Falconer 1868) from the

early Pleistocene of Upper Valdarno (Italy).
Referred species: Stephanorhinus kirchbergensis (Jäger, 1839),

Stephanorhinus hemitoechus (Falconer, 1859), Stephanorhinus

hundsheimensis (Toula, 1902), Stephanorhinus yunchuchenensis

(Chow, 1963), Stephanorhinus jeanvireti (Guérin, 1972), Stephano-

rhinus lantianensis (Hu et Qi, 1978), maybe ‘‘Stephanorhinus’’
miguelcrusafonti (Guérin et Santafé-Llopis, 1978), and with
uncertainty Stephanorhinus? africanus (Arambourg, 1970).

Stephanorhinus hundsheimensis (Toula, 1902)
Holotype: Almost complete skeleton, including partial skull

and mandible (2013/0282/0001), housed at the Natural History
Museum, Wien (Austria).

Type locality and horizon: Hundsheim (Lower Austria,
Austria), early middle Pleistocene (Marine Isotopic Stage 15 or 13).

Occurrence: From the late early Pleistocene to the early middle
Pleistocene in Europe. S. hundsheimensis (= Dicerorhinus etruscus

brachycephalus) is reported in Western Asia (Caucasus) during the
late middle Pleistocene (Guérin, 1980; Baryshnikov and Guérin,
1986).

Referred Specimens: Scapula (P7435), radius (P7436), two
fragments of ulna (P7467, P7469), magnum (P7440), pyramidal
(P7442), MCII (P7471), MCIII (P7456), MCIV (P7459), patella
(P7465), astragalus (P7449), calcaneum (P7448), two cuboids
(P7451; P7452), MTIII (P7461), and MTIV (P7464).

Description:
Scapula (P7435). Only a distal portion of scapula is preserved. In

articular view, the supraglenoid tubercle is well-developed and the
coracoid process is relatively small. The glenoid cavity is ovoidal,
not completely articulated and its caudal border is wider
transversally than cranial one.

In C. antiquitatis, the glenoid cavity is usually sub-rectangular
and its lateral border is regularly convex; the coracoid process is
small. In S. kirchbergensis, the glenoid cavity is sub-rectangular, the
supraglenoid tubercle is well-separated from the glenoid cavity
and the coracoid process is developed. In S. hemitoechus, the
supraglenoid tubercle is rounded and not well-separated from the
glenoid cavity which is ovoidal but completely articulated. In
S. hundsheimensis the glenoid cavity is ovoidal in shape (Lacombat,
2005).

Radius (P7436). The radius is represented by a proximal
epiphysis slightly damaged on the medial articular surface
(Fig. 3(A1)). In dorsal view, the coronoid process is prominent
and the bicipital tuberosity is represented by a rounded relief
(Fig. 3(A2)). In palmar view, the palmar proximal apophysis is
damaged and the two articular surfaces for the ulna are badly
preserved. In proximal view, the lateral articular surface is squarish
(Fig. 3(A1)), the dorsal border of the epiphysis appears rather
straight. The angle between the palmar border of the lateral
articular surface and that of the medial one is obtuse.

In S. hemitoechus the proximal epiphysis, compared to P7436, is
characterised by a more acute angle between the palmar borders of
the proximal articular surfaces, by a convex or slightly convex
dorsal border of the epiphysis, and by a less marked coronoid
process in dorsal view. The studied specimen differs from
C. antiquitatis in which the lateral tubercle on the proximal
epiphysis is larger; the proximal border of the lateral articular
surface is longer than P7436 in dorsal view; the coronoid process is
relatively smaller than in P7436, with a wavy dorsal border of the
proximal epiphysis in proximal view. Moreover, in S. kirchbergensis

the lateral tuberosity on the proximal epiphysis is large, the
coronoid process is small in dorsal view, the lateral articular
surface is longer and more rounded than P7436 in proximal view,
and the palmar angle between the proximal articular surfaces is
less obtuse than P7436. S. hundsheimensis resembles the specimen
from Grotta Romanelli in having, in proximal view, a more obtuse
angle between the palmar borders of the medial and lateral
articular surfaces than other Pleistocene species, a rather straight
dorsal border of the epiphysis in some specimens, and a lateral
articular surface relatively well-developed and less rounded. This
radius is therefore attributed to S. hundsheimensis.

Ulna (P7467, P7469). A fragment of the proximal epiphysis of an
ulna is preserved (P7467). In medial and lateral views, the articular
surface is not very concave. In dorsal view, the articular surface is
not very wide transversally. The development of the proximal
articular surface is a diagnostic character to distinguish
S. hundsheimensis from S. hemitoechus according to Lacombat
(2005); the latter species displays a more developed and concave
articular surface compared to S. hundsheimensis and to the studied
specimen, which is therefore assigned to Toula’s species.

A distal epiphysis of ulna is also preserved (P7469; Fig. 3(B)). In
lateral view, the articular surface for the pyramidal extends
upwards on the lateral face contrary to that of S. hemitoechus. In
medial view, the articular surface is less developed than in
S. hemitoechus. In distal view, the distal articular surface is less
developed than in S. hemitoechus; its lateral border is convex
whereas the medial one is concave (Fig. 3(B)). As in P7469, in
S. hundsheimensis from Hundsheim and Untermassfeld the distal
articular surface is not too extended upwards in lateral view. The
ulna of S. kirchbergensis used for comparison lacks the distal
epiphysis, which prevents any morphological comparison with
other specimens. However, the bones of S. kirchbergensis are
generally larger than those of other species of the same genus
(Fortelius et al., 1993). Accordingly, this specimen is doubtfully
referred to S. hundsheimensis.

Magnum (P7440). In dorsal view, the dorsal face of the bone is
pentagonal in shape (Fig. 3(C)). The proximal border is relatively
short, whereas the border of the articular surface for the unciform
is long. The distal border of the dorsal face, which was articulated
with the third metacarpal, is very convex. The medial border of the
dorsal face is not very extended medially.

In dorsal view, P7440 differs from S. kirchbergensis in being less
medially extended and in having a shorter proximal border. In
S. hemitoechus, the articular surface for the unciform is shorter in
dorsal view, whereas the proximal border is longer; the border is
less convex distally. The anterior face of the specimen from Grotta
Romanelli morphologically resembles the anterior face of the
magnum of S. hundsheimensis from Hundsheim.



Fig. 3. Pleistocene rhinoceros remains from the lower levels of Grotta Romanelli (Lecce, southern Italy). A. Radius proximal epiphysis (P7436) in proximal (1) and anterior (2)

views. B. Ulna distal epiphysis (P7469) in anterior (1) and distal (2) views. C. Magnum (P7440) in anterior view. D. MCII (P7471) in proximal (1) and lateral (2) views. E. MCIII

(P7456) in proximal (1), anterior (2) and lateral (3) views. F. MCIV (P7459) in proximal (1) and lateral (2) views. Scale bars: 2 cm.
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Pyramidal (P7442). In dorsal view, the proximal border is
convex, the medial one has a weak concavity in the middle,
whereas the distal one is convex in its medial half and concave in
the lateral one. A relatively large tuberosity is present in the latero-
palmar portion of the bone. In medio-palmar view, two articular
surfaces for the semilunar can be observed: the proximal one is
elongated dorso-palmarly and is connected with the proximal
articular surface of the bone; the distal one is smaller, narrow and
elongated on the medial face and higher on the distal medial
border of the palmar face. In S. hemitoechus the proximal articular
surface on the medial face is shorter and higher than P7442; the
gap between the proximal and distal articular surface on the
medial face is larger than P7442. In anterior view, the anterior face
is larger than P7442 and the bone appears more concave medially.
In C. antiquitatis, the distal articular surface for the semilunar in
medio-palmar view is higher than P7442 and is separated from the
proximal one by a marked and deep groove. In S. kirchbergensis, the
distal articular surface for the semilunar is well-developed and
sub-triangular. In dorsal view, the specimen from Grotta Romanelli
is proportionally higher and narrower than in S. hemitoechus, and
resembles the pyramidal of S. hundsheimensis.

MCII (P7471). The MCII is represented only by a proximal
epiphysis (Fig. 3(D)). In proximal view, the articular surface for the
trapezoid is dorso-palmarly elongated and is trapezoidal in shape,
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larger in its palmar half than in the dorsal one (Fig. 3(D1)). A
rounded tuberosity occurs in the palmar face of the proximal
epiphysis. In lateral view, the articular surface for the magnum is
long with a rather convex proximal border and a slightly concave
distal border; it is separated from the proximal articular surface by
a raised edge (Fig. 3(D2)). The articular surface for the third
metacarpal is narrow and long and is connected with the magnum
facet by a gentle edge.

The specimen differs from MCII of S. hemitoechus which has a
shorter and relatively larger proximal articular surface and a less
developed palmar tuberosity. For S. kirchbergensis the proximal
epiphysis of MCII has a more developed palmar tuberosity, the
articular surface for the third metacarpal is larger and the proximal
border of the articular surface for the magnum is straight. In
C. antiquitatis, the proximal articular surface is more rounded, the
lateral articular surface for the third metacarpal is well developed,
and the lateral articular surface for the magnum is delimited
distally by a groove. In S. hundsheimensis, the proximal articular
surface and the facet for MCIII are separated by a sharp edge; the
articular surface for the third metacarpal is relatively long and
concave in lateral view; the tuberosity is well-developed.
Accordingly, the specimen P7471 from Romanelli is assigned to
S. hundsheimensis.

MCIII (P7456). In dorsal view, the proximo-lateral tuberosity is
prominent and the proximal articular surface for the magnum is
relatively concave (Fig. 3(E2)). In proximal view the articular
surface for the magnum is trapezoidal and is separated from the
surface of the uncinate by a marked salience; the articular surfaces
for the MCIV are observable in this view (Fig. 3(E1)). The dorsal
border of the proximal epiphysis is rather straight (Fig. 3(E2)). In
lateral view, the two articular surfaces for the MCIV are fused: the
dorsal half of this surface is rather low and elliptical, whereas its
palmar half is larger, higher, and triangular in shape (Fig. 3(E3)). In
medial view, the articular surface for the second metacarpal is
dorsally damaged but appears relatively well-developed.

In C. antiquitatis the palmar articular surface for the MCIV is
slightly smaller than the dorsal one, the articular surface for the
uncinate is well-developed and the lateral tuberosity is larger. The
third metacarpal of S. kirchbergensis differs from P7456 in having a
separated lateral articular surface for the MCIV, a larger dorsal
articular surface for the MCIV, and a less marked salience between
the proximal articular surfaces for the magnum and the uncinate.
In S. hemitoechus, the proximal epiphysis of the third metacarpal is
relatively larger than P7456; moreover, in dorsal view, the articular
surface for the uncinate appears more developed than P7456, the
dorsal border of the proximal epiphysis is sinuous, the lateral
articular surfaces are separated, and the palmar one is less well-
delineated in proximal view than in P7456. In S. hundsheimensis, in
proximal view, the latero-palmar articular surface for MCIV is
large, and the proximal articular surface in proximal view has a
trapezoidal shape with a straight dorsal border. In lateral view, the
posterior surface for the MCIV is triangular and the anterior one is
small. These morphologies are similar to those observed in P7456.

MCIV (P7459). On the specimen P7459 the distal epiphysis is
missing (Fig. 3(F)). In proximal view, a broad articular surface for
the uncinate is present. The latter is triangular in shape, its borders
are rather straight and the dorsal one has a slight concavity in the
middle (Fig. 3(F1)). In medial view, the two articular surfaces for
the MCIII are badly preserved; the dorsal one is small, elongated
and low, whereas the palmar one is larger and circular in shape
(Fig. 3(F2)). In latero-palmar view, the proximal articular surface
extends over the palmar border of the proximal epiphysis, forming
two elongated and narrow surfaces separated by a blunt relief.

In S. hemitoechus, in proximal view, the medial border is much
convex, the medial palmar articular surface is usually elliptical,
and the articular surfaces on the palmar face of the proximal
epiphysis are more developed than P7459. Coelodonta antiquitatis

differs from P7459 in having a dorsal articular surface for the third
metacarpal higher and elliptical in shape, a rounded palmar
articular surface and a wider diaphysis. In S. kirchbergensis, the
medial side of the proximal epiphysis is higher than the lateral one;
the proximal articular surface, in proximal view, is triangular in
shape and extends over almost all the proximal epiphysis; the
dorsal articular surface for the third metacarpal is elliptical in
shape. The morphology of P7459 is close to S. hundsheimensis (see
also Guérin, 1980: fig. 99A; Lacombat, 2005).

Patella (P7465). The patella is relatively small; in proximal
view, it displays a less massive medial angle and a rather straight
medial border. In plantar view, the medial border of the medial
articular surface is slightly concave and the lateral articular surface
is relatively small and less developed than the medial one. The two
articular surfaces are separated by a marked relief.

The patella of S. kirchbergensis has a sub-rectangular shape in
dorsal view; the proximal-lateral border is fairly straight (with less
marked concavities); the proximal angle is blunt. Contrary to
P7465, in S. hemitoechus the medial articular surface is large, high
and with a very concave medial border in plantar view. In
C. antiquitatis, the proximal-medial and distal-medial borders are
concave, the medial angle is massive. In S. hundsheimensis and in
P7465, the relief between the two articular surfaces is visible and
developed on the distal side, suggesting an attribution of P7465 to
Toula’s species.

Astragalus (P7449). In dorsal view, the trochlea is relatively
large; the medial and lateral lips are preserved (Fig. 4(B2)). The
lateral lip is larger than the medial one. In plantar view, the
proximo-lateral surface for the calcaneum is wide and concave;
this surface extends distally with a smaller surface. The proximo-
lateral surface is well separated by a marked groove from another
wide, elliptical, and flat articular surface for the calcaneum which
is placed in the middle of the plantar face (Fig. 4(B1)). Distally
this surface is connected with an elongated third articular
surface for the calcaneum. In medial view, the plantar border of
the medial lip of the trochlea is regularly concave (Fig. 4(B3)). In
this view, the medial tuberosity appears rounded, placed dorsally
on the medial face and relatively far from the distal border of the
medial face. In distal view, the dorsal border of the articular
surface for the navicular is straight; the articular surface for the
cuboid is short and does not extend more dorsally than that for
the navicular.

In the astragalus of S. kirchbergensis, the trochlea is strongly
asymmetric and the medial lip is oblique with respect to the distal
border of the bone; the articular surface for the cuboid is long. In
C. antiquitatis, the medial tuberosity is located palmarly on the
medial face; the trochlea is elongated transversally; the dorsal
border of the articular surface for the cuboid extends more dorsally
than that for the navicular. The length of the articular surface for
the cuboid in P7449 is smaller than in S. hemitoechus. In
S. hundsheimensis, the medial face of the bone extends medially
over the outline of the medial lip of the trochlea, but this character
is not evident on P7449 and we cannot exclude that this feature
could be related to the age of the animal. In P7449 as in
S. hundsheimensis, the medial lip appears well extended and
rounded in medial view, its distal border being connected with the
medial face of the bone; in contrast, in S. hemitoechus the distal
border does not reach the medial face. The height of the medial face
is a diagnostic feature to distinguish between S. hundsheimensis

and S. hemitoechus according to Lacombat (2006); it is smaller in
P7449 (Hm = 70.7 mm) than in S. hemitoechus (Hm = min. 73.46,
max. 84.99 mm; Pandolfi and Tagliacozzo, 2015) and falls within
the range of S. hundsheimensis (Hm = min. 64.80, max. 76.50 mm;
Lacombat, 2005). Accordingly, the astragalus P7449 is assigned to
S. hundsheimensis.



Fig. 4. Pleistocene rhinoceros remains from the lower levels of Grotta Romanelli (Lecce, southern Italy). A. Fibula (7470) in medial view. B. Astragalus (P7449) in posterior (1),

anterior (2) and medial (3) views. C. Calcaneum (P7448) in posterior (1) and lateral (2) views. D. Cuboid (P7451) in anterior (1) and proximal (2) views. E. MTIII (P7463) in

anterior (1), proximal (2) and proximo-lateral (3) views. F. MTIV (P7464) in anterior (1), proximal (2) and proximo-lateral (3) views. Scale bars: 2 cm.
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Calcaneum (P7448). In lateral view, the plantar border of the
bone is rather straight, convex proximally, and the beak does not
protrude much beyond the tuber calcanei (Fig. 4(C2)). In dorso-
distal view, three articular surfaces for the astragalus are present.
The latero-proximal one is broad and sub-trapezoidal in shape;
moreover, it is proximo-distally convex in the proximal half and
concave in the distal one. The distal border of this surface extends
distally with a small articular surface. Another articular surface is
located on the sustentaculum tali; it is proximally joined with the
previous one and is fused with the distal articular surface for the
astragalus. The latter is elongated, relatively high and connected
distally with the articular surface for the cuboid. In distal view, the
articular surface for the cuboid is sub-trapezoidal in shape, its
posterior and medial borders are rather straight. In plantar view,
the sustentaculum tali is oblique, forming an obtuse angle with the
corpus of the bone (Fig. 4(C1)).
In C. antiquitatis, the articular surface on the sustentaculum tali
is sub-circular and the proximal one for the astragalus extends
latero-distally; in addition, the plantar profile of the bone has a
median concavity in lateral view. In S. kirchbergensis, the bone is
generally larger when compared to other species of the same
genus; the distal articular portion is short, the articular surface for
the cuboid is sub-rectangular with a straight dorsal border, and the
articular surface on the sustentaculum tali is well-joined with the
distal articular surface for the astragalus. In S. hundsheimensis, the
tuber calcanei generally extends beyond the beak. The position and
orientation of the sustentaculum tali in plantar view is similar to
that of the sustentaculum of P7448; the same is true for the
morphology of the articular surface with the cuboid. This specimen
is assigned to S. hundsheimensis.

Cuboid (P7451, P7452). Two cuboids come from Grotta
Romanelli’s level XII. One of them (P7451; Fig. 4(D)) is larger
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than the other (P7452); nevertheless, the two bone are similar in
morphology. In dorsal view, the dorsal face is sub-trapezoidal, the
lateral border is straight and higher than the medial one
(Fig. 4(D1)). In proximal view, the proximal articular surface is
sub-trapezoidal (Fig. 4(D2)); its lateral border is damaged whereas
the medial border is slightly convex; the dorsal and plantar borders
are irregular. The proximal articular surface does not reach the
borders of the bone. In addition, the proximal articular surface is
divided into a large lateral and a smaller medial surface by a weak
groove which is more enlarged in its dorsal half. In medial view, the
proximo-medial articular surface is well-delineated and connected
with a long surface for the navicular. The latter surface connected
with a very wide surface for the third cuneiform in the disto-
plantar portion of the medial face. In the same view, a small and
triangular surface is present on the antero-distal side of the bone.
The articular surface for the fourth metatarsal is triangular with
rounded angles and slightly concave in its plantar portion. The
extension of this surface is different in P7451 and P7452.

Both specimens differ from C. antiquitatis in which the proximal
articular surface is sub-rectangular, with similar length for medial
and lateral surfaces. In dorsal view, the cuboid of S. kirchbergensis

has a concavity in the middle of the medial border; the medial
articular surface is longer antero-posteriorly and the lateral
articular surface is more developed. The specimens differ from
S. hemitoechus by having a dorsal face higher than wide, as well as
in S. hundsheimensis, with a very oblique proximal border, a slightly
concave distal border (see also Guérin, 1980: fig. 105A), and a less
transversally developed proximal articular surface. In addition, the
articular surface for the third cuneiform in the disto-plantar
portion of the medial face is wider and shorter than in
S. hemitoechus. The medio-plantar border of the distal articular
surface in S. hemitoechus is sinuous, while it is straight in
S. hundsheimensis (Lacombat, 2005) and in P7451 and P7452.
The morphological characters of these two cuboids suggest an
attribution to S. hundsheimensis.

MTIII (P7461). In proximal view, P7461 displays a convex
anterior border of the proximal epiphysis (Fig. 4(E2)); the plantar
articular surface for the MTIV is partially visible. In lateral view, the
dorsal articular surface is trapezoidal whereas the plantar one is
rounded and smaller than the former (Fig. 4(E3)). The two surfaces
are separated by a narrow groove. In medial view, the proximal
epiphysis presents two articular facets; the dorsal one is slightly
smaller than the plantar one, both being elliptical in shape. In this
view, the plantar tuberosity on which the articular surface for
MTIV is located is well delineated and large.

The dorsal border of the proximal articular surface is sinuous in
S. hemitoechus; the plantar articular surface for the MTIV is slightly
larger or similar in size to the dorsal one, and the articular surfaces for
the MTIII are triangular in shape. In proximal view, the third
metatarsal of S. kirchbergensis differs from P7461 in having a regularly
convex medial border and a sinuous dorsal border, and, in lateral
view, a sub-elliptical plantar articular surface for the fourth
metatarsal. In C. antiquitatis, the two proximo-lateral articular
surfaces are quite similar in size and shape; the diaphysis is wider
and, in proximal view, the dorso-medial border is regularly convex.
The third metatarsal from Grotta Romanelli resembles that of
S. hundsheimensis in the morphology of the dorsal border of the
proximal articular surface, in the development of the lateral articular
surfaces, and in the morphology of the medial articular surfaces.

MTIV (P7464). In proximal view (Fig. 4(F2)), the articular
surface is elongated dorso-plantarly; its dorsal border is very
convex, and the plantar and medial borders are straight. Plantarly,
this surface is delimited by a blunt groove. The perimeter of the
proximal articular surface does not extend to the margins of the
proximal epiphysis (Fig. 4(F2)). On the medial side of the bone, two
articular surfaces for the third metatarsal are present. The dorsal
one is square-shaped, connected with the proximal surface and
slightly larger than the plantar one, which is rather rounded
(Fig. 4(F3)). In lateral view, the proximal tuberosity is well
delimited and the plantar side of the proximal epiphysis is higher
than the dorsal one.

In S. hemitoechus, the proximal articular surface is delimited
plantarly by a marked groove and the proximal epiphysis is larger
than P7464. When compared to P7464, the fourth metatarsal of
S. kirchbergensis displays a larger proximal articular surface which
extends over almost all the proximal epiphysis, and, in dorsal view,
the proximal border of the bone is rather straight. In C. antiquitatis,
the bone is massive and the proximal articular surface is sub-
trapezoidal in shape with rounded perimetral angle. In
S. hundsheimensis, as well as in P7464, the antero-medial articular
surface is larger than the posterior one, and the dorsal border of the
proximal articular surface is rather convex.

Stephanorhinus sp.
Referred specimens: Hemimandible (P7434), fragments of

upper and lower teeth (P7476, P7477, P7484, P7485, P7486,
P7487), dp4 (P7423), proximal and distal humeral epiphyses
(P7445; P7474), radius (P7444), pisiform (P7443), semilunar
(P7446), tibia (P7468), fibula (P7470), and MTIII (P7463).

Description:
Hemimandible (P7434). One fragmentary mandible (P7434) of

a juvenile individual with dp2-m1 (dp1 only preserving the roots)
comes from the level XII (Fig. 2). In buccal view, the horizontal
ramus is relatively high and the ventral profile is convex. Three
mental foramina are present: the largest one is located below the
mesial half of dp2 (Fig. 2(A)). The dorsal border of the preserved
area of the vertical ramus is bent backward. In lingual view, the m2
(Fig. 2 (B, C)) is erupting. In dorsal view, the aboral border of the
symphysis is located between dp1 and dp2. Two roots of dp1 can
be observed. dp2 has a lingually-closed posterior valley, an
anterior groove on the ectolophid and a simple paralophid. dp2 and
dp3 display an ectolophid fold. On dp3, the paralophid is double
and a small protoconid fold is present. Lingual valleys on dp3, dp4
and m1 have V-shaped morphology. The difference in height
between the bottoms of the valleys is strong on m1 as well as on
dp3 and dp4.

The positions of the mental foramen and the posterior border of
the symphysis do not seem to be good discriminant characters to
give a clear taxonomic attribution for young individuals as they are
almost similar for S. kirchbergensis, S. hundsheimensis, and
S. hemitoechus (Kahlke, 1977, 2001; Koenigswald et al., 2007).

Dentally, S. hemitoechus often bears deciduous teeth with V-
shaped lingual valleys (Guérin, 1980; Lacombat, 2005) and the
same occurs also in S. hundsheimensis. In S. kirchbergensis, the
posterior valley is opened lingually on dp2; dp2s, dp3s and dp4s
have U-shaped valleys. Similar morphologies have been reported
by Guérin (1980) and they also occur in several specimens from
Taubach figured by Kahlke (1977). In addition, Guérin (1980)
reported dp2s with a small V-shaped anterior lingual valley.
According to Lacombat (2005) the difference in height between the
bottoms of the valleys on dp3 of S. hundsheimensis is reduced
whereas it is marked in S. kirchbergensis and variable in
S. hemitoechus. However, this difference is small on the dp3s of
S. kirchbergensis from Taubach. The dp2 of S. hundsheimensis from
Mosbach has a posterior valley opened lingually and the same
occurs in those from Untermassfeld.

Diagnostic morphological characters of juvenile Pleistocene
rhinoceroses need to be further investigated. Hence, the specimen
from Grotta Romanelli is provisionally assigned to Stephanorhinus

sp.
Tooth fragments. Several upper and lower tooth fragments

(P7476, P7477, P7484, P7485, P7486, P7487) come from level XII of
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Grotta Romanelli. They are too small and badly preserved to yield
diagnostic morphological characters. The enamel is rough,
suggesting the teeth cannot be referred to S. kirchbergensis, and
it is less thick and developed than in C. antiquitatis. The specimens
are provisionally assigned to Stephanorhinus sp.

dp4 (P7423). A small lower deciduous tooth comes from the
level XII of Grotta Romanelli. The tooth is characterised by a U-
shaped anterior lingual valley and a V-shaped posterior lingual
valley. Cingula are absent, the trigonid is rounded, the ectolophid
groove is marked and stretched to the neck. The bottoms of the
valleys are located at very different heights.

U-shaped anterior valleys have been reported by Lacombat
(2005) only for S. kirchbergensis. However, the sample considered
by this author consists only of two fourth deciduous teeth. Guérin
(1980) observed a larger sample and reported V- and U-shaped
anterior lingual valleys for both S. hemitoechus and
S. kirchbergensis. A strong difference in height between the
bottoms of the lingual valleys has been reported in
S. kirchbergensis by Guérin (1980) and Lacombat (2005). Stephano-

rhinus hundsheimensis has U- or large V-shaped posterior lingual
valleys according to Guérin (1980), whereas it has V- or large V-
shaped valleys according to Lacombat (2005). The difference in
height between the bottoms of the valleys can be strong in
S. hundsheimensis (Lacombat, 2005).

Concerning the measurements, the maximal length is shorter
compared to other Pleistocene species whereas the maximal width
is close to the minimal values of S. hemitoechus and
S. kirchbergensis. The height of the unworn crown falls within
the range of S. hemitoechus and S. hundsheimensis. The specimen is
here referred to Stephanorhinus sp.

Humerus (P7445, P7474). Two humeral fragments have been
identified; they could belong to the same specimen. A fragment of
proximal epiphysis (P7445) is too badly preserved to be described;
only the distal fragment (P7474) presents some diagnostic
characters. In cranial view, the lateral border of the lateral lip of
the distal trochlea is slightly convex. The trochlear trough is wide;
the lateral tuberosity is poorly developed in this view. In distal
view, the lateral tuberosity is prominent and rounded, the lateral
epicondyle is not very developed. A subadult individual of
S. hemitoechus from Valle Radice in which the proximal epiphysis
is not completely fused differs from the Grotta Romanelli specimen
in having a well-developed lateral distal tuberosity, prominent in
cranial view, and a sinuous lateral border of the lateral lip of the
trochlea. These characters are shown also by adult individuals and
they can be considered as valid for species discrimination.
Unfortunately, juvenile humeri of S. hundsheimensis and
S. kirchbergensis have not been observed so far. An attribution to
S. hemitoechus is excluded; hence, the remain is provisionally
referred to as Stephanorhinus sp.

Radius (P7444). A juvenile radius lacking the distal epiphysis is
observed. The proximal epiphysis is relatively large; in proximal
view, the dorsal border of the epiphysis is rather straight in its
lateral half and slightly convex in its medial half. The angle
between the palmar borders of the two proximal articular surfaces
is obtuse. The lateral articular surface is square-shaped and smaller
than the medial one. The lateral and medial surfaces are separated
by a saddle which is curved towards the lateral margin in its dorsal
half. In dorsal view, the coronoid process is prominent. In palmar
view, two articular surfaces for the ulna are well-developed.

This radius differs from the specimen P7436 in the morphology
and development of the proximal lateral articular surface and in
the morphology of the dorsal border of the epiphysis. Nevertheless,
these differences could be related to the age of the animal.
Unfortunately, a detailed study of juvenile remains of Pleistocene
rhinoceroses has not yet been performed; the specimen P7444 is
provisionally referred to Stephanorhinus sp.
Pisiform (P7443). In proximal view, the articular surface for the
radius is triangular and the lateral border of the bone is concave. In
lateral view, the palmar tuberosity is larger in P7443 than in
S. hemitoechus from Valle Radice (Pandolfi and Tagliacozzo, 2015).
The bone is shorter and larger than in S. hemitoechus; the latter
species also displays, in dorsal view, an articular surface for the
pyramidal larger than in P7443. The studied specimen is
provisionally assigned to Stephanorhinus sp.

Semilunar (P7446). The bone is dorsally damaged. In proximal
view, the proximal articular surface is convex in its dorsal half and
concave in the palmar one. The articular surface for the scaphoid is
imperfectly delineated in proximal view; it is elongated, rather flat,
and longer than the articular surface for the radius-ulna. In distal
view, a marked crest separated the elongated magnum facet with
rather straight lateral borders from the concave uncinate facet.
Unfortunately, the diagnostic features of this bone are represented
by the morphology of the dorsal face and of the dorso-proximal
articular surface which lack or are damaged in the specimen from
Grotta Romanelli. Therefore, P7446 is provisionally referred to as
Stephanorhinus sp.

Tibia (P7468). The tibia belongs to a young individual, with
epiphyses missing because they are unfused or destructed. Any
morphological comparison is prevented and the specimen is
referred as Stephanorhinus sp. The specimen appears slenderer
than a juvenile tibia of Coelodonta.

Fibula (P7470). A distal epiphysis of fibula figures in the
collection of bones from Grotta Romanelli (Fig. 4(A)). The distal
articular surface is elliptical and less developed transversally than
the epiphysis. The only possible remark on this specimen is that it
is smaller (DTD = 38.5 mm) than the fibula of S. hemitoechus from
Arago (DTD = min. 44.49 mm, max. 52.04 mm; Lacombat, 2005).
The specimen is determinate as Stephanorhinus sp.

MTIII (P7463). P7463 preserves only the distal epiphysis and
part of the diaphysis and cannot be morphologically compared in
details.

Remarks: Several small and badly preserved fragments of
postcranial remains and some phalanges are also determined
(Table 1). The preservation of the fragmented bones and the
absence of useful morphological characters to distinguish the
Pleistocene rhinoceroses species, did not allow a taxonomic
attribution; this material is referred to Stephanorhinus sp.

4. Results

4.1. Taphonomic analysis

The rhinoceros specimens studied here include various
elements of the skeleton and a few teeth; remains of the autopode
of the anterior and posterior limbs are well-represented, including
carpal bones (Number of Remains = 5), tarsal bones (NR = 4),
phalanges (NR = 10), and metapodial bones (NR = 10). Anterior and
posterior limb bones are almost represented by the equivalent
number of specimens; only several phalanges cannot be referred
specifically to any one of the limbs (Table 2).

Only postcranial remains come from level XI (NR = 7). The
remains can be referred to at least two individuals: a juvenile (ulna
and an unfused distal epiphysis of metacarpal) and an adult
(scapula, distal epiphysis of femur, patella, calcaneum, and MTIV).
Many more remains of rhinoceros come from level XII: fragments
of vertebrae and costae of a large size mammal, alongside
phalanges, probably belonging to the posterior limbs.

The MNI suggests the presence of at least five individuals: a calf
(unworn deciduous tooth), a young individual (mandible with
erupting m1 and several bones with unfused epiphyses), and three
adults (metapodial bones and phalanges with completely fused



Table 4
Isotopic values measured for the sampled Pleistocene rhinoceros specimens from Grotta Romanelli (Lecce, southern Italy).

Stratigraphic level Inventory number d13C (%. V-PDB) d18OCO3 (%. V-SMOW) d18OPO4 (%. V-SMOW) d18OCO3�d18OPO4 difference (%)

IX P7475 �13.0 27.7 20.6 7.2

IX P7481 �12.9 26.3 17.9 8.4

IX P7482 �13.1 26.8 17.5 9.3

IX P7483 �12.7 26.7 17.9 8.8

X P7478 �11.9 27.7 20.1 7.5

X P7479 �12.2 26.6 19.2 7.4

X P7480 �11.8 26.8 18.8 8.0

XII P7476 �12.2 27.5 19.8 7.6

XII P7477 �12.1 26.4 18.9 7.5

XII P7484 �12.3 27.1 20.1 7.0

XII P7485 �12.2 26.6 18.9 7.7

XII P7486 �12.4 25.7 18.5 7.2

Table 5
Isotopic average values, MAP (Mean Annual Precipitation, in mm) and MAT (Mean

Annual Temperature, in 8C) calculated for the sampled Pleistocene rhinoceros

specimens from Grotta Romanelli (Lecce, southern Italy).

Level IX Level XI Level XII

d13C results
Average d13C values (%, VPDB) �12.9 �12.0 �12.2

Standard deviation 0.15 0.18 0.11

d13Cdiet meq (%) �27.6 �26.6 �26.9

Calculated MAP (Kohn, 2010) 460 � 230 220 � 110 280 � 140

d18O results
Average d18O values (%, VSMOW) 18.5 19.4 19.4

Standard deviation 1.39 0.70 0.71

Environmental water 1

(%, Kohn and Cerling, 2002)

�5.0 �4.0 �4.0

Environmental water 2

(%, Amiot, 2004)

�5.9 �4.9 �4.8

MAT (8C) based on calculated water 1

(Skrzypek, 2016, Italy)

15.5 17.0 17.1

MAT (8C) based on calcualted water 2

(Skrzypek, 2016, Italy)

14.1 15.7 15.7

MAT (8C) based on calculated water 1

(Pryor, 2014, Europe)

16.4 18.3 18.4

MAT (8C) based on calculated water 2

(Pryor, 2014, Europe)

14.8 16.7 16.8

MAT (8C) combined results 15.5 � 3.9 17.1 � 2.7 17.2 � 2.7
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epiphysis). Unfortunately, some remains are abraded and covered
by sediment which prevent any kind of analyses of the cortical
surface of the bones.

Four different degrees of preservation are represented: (1) well-
preserved, brown, without crust bones; (2) white bones with
abraded surfaces; (3) grey bones covered by sediment, in particular
small gravels; and (4) reddish bones covered by red concretions.
These four degrees have been recorded from both levels XI and XII,
suggesting the presence of several depositional layers. Juvenile
remains (mandible, radius, ulna, humerus, MCIV) from level XII are
characterized by the preservation type 3, whereas several short
bones are characterized by degrees 1 and 3. Evidence of human and
carnivore activity have not been observed on the studied remains.
Traces of combustion are recorded on 6 bones from level XII. A
partial blackish-brown combustion (stage 2 in Stiner et al., 1995) is
present on the magnum, on the pyramidal and on the first phalanx
of the fourth digits. A blackish combustion (stage 3 in Stiner et al.,
1995) is present on the phalanges belonging to the same central
digit (18–38 phalanx). These remains are well-preserved and do not
display concretions; maybe they were burned before being
disarticulated. There is no evidence that the remains were burned
by humans; it could correspond to natural fire, even if it seems
difficult to consider this possibility in a cave.

4.2. Stable isotope analyses

The samples have d18OCO3–d18OPO4 offsets between 7.0% and
9.3% (Tables 4 and 5), which are within the range of natural
variability and do not indicate diagenetic alteration (Martin et al.,
2008; Pellegrini et al., 2011). The average d13CCO3 values for the
three different stratigraphic levels are �12.9 � 0.2% for level IX,
�12 � 0.2% for level X, and �12.2 � 0.1% for level XII. Although a
two tailed t-test indicate significant differences between level IX and
X (p = 0.002), a non-parametric Mann-Whitney test suggests that the
difference is not significant (p = 0.052) at the p < 0.05 significance
level. The average d13Cdiet, meq values for the different stratigraphic
levels range from �26.6% to �27.6%.

The average d18OPO4 values range from 18.5 � 1.4% to
19.4 � 0.7%, with no significant differences between the stratigraph-
ic levels. Combining the results of the two different equations by Kohn
and Cerling (2002) and Amiot et al. (2004), the calculated
environmental water values are �5.5 � 2% for level IX,
�4.5 � 1.2% for level X, and �4.4 � 1.2% for level XII.

4.3. Volcanic ash in level XII

The level XII is rich in light yellow coarse ash. In thin section the
ash shows a glassy and vesicular texture containing scarce
phenocrysts (Fig. 5). The glass is brownish in color, almost totally
transformed in secondary minerals and contains abundant (70–
80%vol; volume percent) subrounded vesicles (Fig. 5(A)). Olivine,
which is the most abundant phenocryst (1%vol), is millimeter- to
sub-millimeter-sized, euhedral to anhedral, and forms crystal clots
(Fig. 5(A)). Clinopyroxene and plagioclase (< 1%vol) are subhedral,
millimeter- to sub-millimeter- sized. The mineralogical assem-
blage includes olivine, clinopyroxene and plagioclase, which
indicate that the ash in the level XII has a mafic composition.
The quantitative chemical analyses of the mineralogical phases
obtained by the electron microprobe show a content of 80%wt

(weight percent) of forsteritic molecule in the olivine, a diopsidic
composition for the clinopyroxene, and a Ca-rich composition for
the plagioclase. These chemical data confirm that the volcanic ash
contained in the level XII of Grotta Romanelli was originated from a
mafic magma. A similar indication was obtained from rare and
small zones of less altered glass which were found by means of
scanning electron microscope (SEM) observations. Actually, the
semi-quantitative energy dispersive system analyses of these glass
zones performed at the SEM shows relatively high content of MgO
(up to �3%wt).

5. Discussion

5.1. Biochronology

The fossiliferous levels XII and XI of Grotta Romanelli have been
assigned to the late Pleistocene (Bologna et al., 1994). Neverthe-



Fig. 5. SEM backscattered figures of the volcanoclastic ash sampled from the Romanelli’s bones (level XII). The volcanoclastic ash is characterized by glass, abundant and

subrounded vesicles, and rare phenocrysts of olivine, plagioclase and diopside. A. Subhedral and submillimeter-sized phenocrysts of olivine (white circle). B. Millimeter-sized

crystal clots of olivine.
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less, the mammal remains collected from these levels have not
been recently revised. Most of the papers published on Grotta
Romanelli aimed at investigating and revising the abundant
material collected from the so-called ‘‘Terre rosse’’ level G,
chronologically referred to MIS 3 (late Pleistocene), or ‘‘Terre
brune’’ level E, chronologically referred to the Holocene time
period (Fig. 1). Unfortunately, the lower levels of the cave were
completely excavated during the past century and direct
stratigraphical observations are no more possible.

A short revision on hippopotamus remains from levels XII and X
(H–K in Blanc, 1953, who referred all the specimens to
H. amphibius) has been reported by Mazza (1995) which recorded
the presence of the early and middle Pleistocene H. antiquus and
H. tiberinus (= Hippopotamus antiquus according to Petronio, 1995),
thus suggesting that the lowest deposits of Grotta Romanelli
should be dated to the first half of the middle Pleistocene, in
agreement with Coltorti et al. (1980) and Sala (1980). The presence
of H. antiquus (or closely related forms also classified as H. tiberinus

or H. ex gr. H. antiquus; see discussion in Caloi et al., 1980; Petronio,
1986; Petronio, 1986, 1995; Mazza, 1995; Athanassiou and Bouzas,
2010) suggests an age referable to the first half of the middle
Pleistocene. Indeed, H. antiquus was surely present in Italy until
MIS 15. During this time, the species occurred at Maglianella
(Rome; Caloi et al., 1980; Petronio, 1986, 1995; Marra et al., 2014)
and at Via Portuense (Rome; Marra et al., 2014), whereas the
occurrence of H. amphibius in Italy was chronologically related to
MIS 13 or MIS 11 (Pandolfi and Petronio, 2015).

The presence of Stephanorhinus hundsheimensis, identified in
this work, also suggests a middle Pleistocene age for levels XII and
XI of Grotta Romanelli, in agreement with the conclusion reported
by Mazza (1995). This species is recorded in Europe during the
latest early and middle Pleistocene in several sites such as
Vallonnet, Untermassfeld, Soleilhac, Mosbach, Isernia La Pineta,
and Mauer (Guérin, 1980; Fortelius et al., 1993; Kahlke, 2001;
Schreiber 2005; Lacombat, 2005; Pandolfi and Erten, 2017).
According to Pandolfi and Petronio (2011a, b), the first occurrence
of the species in Italy was during the early Galerian at Cava
Redicicoli (North of Rome). Nevertheless, the chronological
attribution of the mammalian fauna discovered by Blanc (1955)
in the latter locality has been debated (Di Stefano et al., 1998;
Palombo et al., 2004; Milli and Palombo, 2005), and Cava Redicicoli
was recently dated to the early-middle Pleistocene transition
(Marra et al., 2014). However, some rhinoceros remains collected
from the Leffe Basin (Vialli, 1956) display morphological characters
which suggest an attribution to S. hundsheimensis (Pandolfi and
Erten, 2017). An adult individual (‘‘individual B’’ in Vialli, 1956) has
been collected from a lignite bed chronologically close to the
beginning of the Jaramillo subchron (level 5 in Vialli, 1956 = unit
7 of Ravazzi et al., 2009; Pandolfi and Erten, 2017;Fig. 6). Toula’s
species disappeared from the Italian Peninsula during the MIS 15–
16 and was replaced by S. hemitoechus (Pandolfi et al., 2013;
Pandolfi and Marra, 2015;Fig. 6). The earliest occurrence of
S. hemitoechus in Italy has been reported by Pandolfi et al. (2013)
from the Campagna Romana, approximately at 0.5 Ma (Fig. 6); the
species was very common in several late middle and late
Pleistocene Italian localities (Guérin, 1980; Pandolfi et al., 2013).
In the Apulian area, remains of large S. hundsheimensis have been
reported from the early middle Pleistocene karst filling of Contrada
Monticelli (Castellana, Bari) by Mazza and Varola (1999). In this
locality, S. hundsheimensis has been recovered together with a
small-sized etruscan-like rhino which was considered most likely a
reworked element (Mazza and Varola, 1999) as well as badly
preserved remains of elephants (Palaeoloxodon antiquus), equids
(Equus caballus), cervids (Cervus elaphus and Dama dama), bovids
(Bos vel Bison), and canids (Canis mosbachensis; Mazza and Varola,
1999; the canid was recently revised by Mecozzi et al., 2017). The
specimens identified as S. cf. hundsheimensis by Mazza et al. (1993)
from the early Pleistocene Apulian locality of Pirro Nord (Apricena,
Foggia) have been recently re-attributed to Stephanorhinus etruscus

in several papers (van der Made, 2010; Pandolfi and Petronio,
2011b; Pandolfi et al., 2013, 2015, 2017a, b).

Other mammal remains belonging to the faunal assemblage of
the lower levels of Grotta Romanelli are relatively scarce and badly
preserved; some cannot be identified at the species or genus level.
According to Blanc (1920), the level K (XII) includes Rhinoceros

merckii (= Stephanorhinus hundsheimensis and Stephanorhinus sp. in
this work), Hippopotamus amphibius (= H. antiquus after Mazza,
1995), Dama dama and Oryctolagus cuniculus. A preliminary
revision of the mammal assemblage collected in level K revealed
that the fallow deer is represented by scant postcranial material
whose bad state of preservation prevents us from any certain
attribution to the late middle and late Pleistocene D. dama (sensu Di
Stefano and Petronio, 1997). The material referred to O. cuniculus

has been never revised in recent papers; the species seems to occur
in Italy for the first time during the Torre in Pietra FU, late middle
Pleistocene, MIS 10-9, whereas the species O. burgi (Kotsakis et al.,



Fig. 6. Biochronostratigraphic distribution of the fossil Pleistocene rhinoceroses in the Italian Peninsula (modified from Pandolfi and Marra, 2015 and Pandolfi et al., 2017a).

The new suggested chronological position of the levels IX, X, XI and XII of Grotta Romanelli is indicated by the black arrows.
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2003) occurred during the early middle Pleistocene. Nevertheless,
the few fragmented remains attributable to lagomorphs do not
display diagnostic features useful to distinguish among the
different species.

According to Blanc (1920), the level I (XI) yielded remains of
Elephas sp. (= recte Palaeoloxodon), Rhinoceros merckii

(= S. hundsheimensis and Stephanorhinus sp. in this work),
Hippopotamus amphibius (= H. antiquus after Mazza, 1995), Bos

taurus var. primigenius, Cervus elaphus var. corsicanus, Dama dama,
Capreolus capreolus, Equus caballus (= recte Equus ferus), Canis

aureus?, Sus scrofa ferus (= recte Sus scrofa), Corvus corax, Columba

livia, Aquila sp., Lycos monedula, Turdus sp., and Bufo

vulgaris. Neither the fallow nor the red deer can be identified at
the subspecific level due to the absence of antlers and to the bad
state of few fragmental post-cranial remains. Bos primigenius (= Bos

taurus var. primigenius in Blanc, 1920) is represented at Grotta
Romanelli by some postcranial remains; this species occurred early
in Italy at Venosa-Notarchirico, ca. 600 ka (Cassoli et al., 1999;
Lefèvre et al., 2010), accompanied by Bison schoetensacki. The
aurochs have been recorded in fossiliferous localities of the Roman
area geochronologically dated to ca. 500 ka (Valle Giulia Fm.,
MIS 13; Marra et al., 2014). Scantly remains (a very few isolated
teeth) of a small-sized canid (Canis mosbachensis?) have also been
collected from level XI; they have never been subjected to
morphological verification, as for the supposed remains of
O. cuniculus. Other taxa (i.e., Palaeoloxodon sp., S. scrofa,
C. capreolus, and E. ferus) have no restricted time spans (Petronio
et al., 2011). The presence of S. hundsheimensis, H. antiquus, and
probably C. mosbachensis indicate that also level I (XI) can
confidently be dated to the middle Pleistocene. The occurrence
of the aurochs suggests an age around or younger than 600 ka.

Hence, based on these biochronological conclusions, the levels
XII (K) and XI (I) of Grotta Romanelli can reasonably be assigned an
age spanning from MIS 15 to MIS 13 (Isernia Faunal Unit sensu

Petronio et al., 2011 and Marra et al., 2014).

5.2. Age of the volcanoclastic ash

A middle Pleistocene age is also consistent with the presence of
the volcanoclastic material. Texture and composition indicate that
the volcanic ash in the level XII was originated from a mafic
explosive eruption. These eruptions usually originate from
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monogenic hydromagmatic centers whose products have limited
areal distribution (e.g., Sottili et al., 2012). The absence of this type
of eruptive center close to Grotta Romanelli suggests a far and
different origin for the volcanic ash in the level XII. The high
amount of vesicles in the ash fragment indicates, indeed, an
efficient process of volatile exsolution which is typical of explosive
magmatic eruption (Palladino et al., 2014). The occurrence of
centimeter-sized pumices in association with the analysed ash
(Lazzari, 1955) supports a Plinian eruptive style at the origin of the
volcanic material which was successively transported to the Grotta
Romanelli by the sea waves.

Mafic Plinian eruptions are relatively rare (Freda et al., 2011).
Nevertheless, the Monte Vulture, which is the closest Pleistocene
volcanic district to the Grotta Romanelli, is relatively rich in mafic
explosive products. In particular, the olivine-bearing texture of the
ash (Fig. 5) and the chemical composition of the pumices reported
by Lazzari (1955) link the volcanic material accumulated in Grotta
Romanelli to the first phase of Vulture’s activity (Giannandrea
et al., 2006). Olivine is abundant in some pyroclastic layers of the
Rionero subsynthem (630 � 20–714 � 18 ka; Villa and Buettner,
2009), whose tephra fall deposits can be found in distal outcrops (e.g.,
Atella Basin, Venosa Basin, and Fossa Bradanica) with thicknesses up
to 30–40 cm and with centimeter-sized pumice (Giannandrea et al.,
2006).

5.3. Palaeoenvironment as inferred by isotope analysis

The presence of levels of different age at Grotta Romanelli is also
confirmed by the results of the isotope analyses performed for this
study. Levels XII and X show the same isotopic values and differ
from those obtained from level IX, which suggests that the former
two levels were deposited under different climatic conditions than
the latter one. The average d13Cdiet, meq values for the different
stratigraphic levels range from �26.6% to �27.6%. These values
indicate pure C3 feeding and are halfway within the range of C3

vegetation. Values lower than �30% would indicate closed canopy
forest, whereas values higher than �25% would suggest water
stressed vegetation. If it is assumed that the diet of the animals is
representative of the average vegetation of the area, the calculated
values fit Domingo et al.’s (2013) category of woodland–mesic
grassland. Differences in the d13C values may indicate different
vegetation, amount of precipitation and/or humidity. The lower
value in level IX (which is referred to the first half of MIS 3)
indicates denser vegetation and/or higher precipitation than when
level X and XII deposited. Assuming that changes in d13C values
reflect varying precipitation and trivial changes in the vegetation,
the mean annual precipitation (MAP) would be estimated using
Kohn’s (2010) equation. However, the uncertainty of this equation
is high (ca. 50% of the calculated MAP). Using this equation, MAP
values are 460 � 230 mm/year for level IX, and 220 � 110 mm/year
and 280 � 140 mm/year in levels X and XII, respectively (an altitude
of 0 m a.s.l. and a latitude of 408 were used in the equation; little
changes in altitude and latitude have negligible effects on the
equation). Recent MAP values in the area give a range of 440–
680 mm/year (Combourieu-Nebout et al., 2015). This could mean that
the climate in level IX likely was as humid as today whereas levels X
and XII could have been more arid. However, the absence of pollen
record does not allow for reconstructing the palaeoenvironment more
precisely.

d18Ow values usually correlate strongly with d18O values of the
local precipitation (d18Oppt). d18Oppt values are controlled by
several factors. Generally, the mean annual temperature (MAT) has
the greatest effect on it, and can be estimated based on d18Oppt

values (Dansgaard, 1964; Rozanski et al., 1993). Other factors like
the different source of moisture, air mass trajectories, latitude, and
altitude have also an influence on d18Oppt values. In the Apulian
area, the closeness of the Adriatic and Ionian seas heavily bias
d18Oppt values. Because the correlation between d18Oppt and MAT
can be weak, the type of equation (local, regional or global), the
regression method and the type of dataset (monthly or annual
average precipitation data) that are used are significant factors
which can significantly affect the palaeoclimatic interpretations
(see Pryor et al., 2014 vs. Skrzypek et al., 2016). Accordingly, MAT
values were calculated using different equations enabling a
possible range of MAT values. The calculations were made with
both Pryor et al.’s (2014) equation (based on meteorological and
isotope data for Europe), and with an equation of Skrzypek et al.
(2016), based on data for Italy. Combining the results of the two
equations, estimated MAT values are 15.5 � 3.9 8C for level IX,
17.1 � 2.7 8C for level X, and 17.2 � 2.7 8C for level XII. Because both
recent day d18Oppt (around �5%; Longinelli and Selmo, 2003) and
MAT (16–17 8C; Combourieu-Nebout et al., 2015) values are very
similar to those calculated for levels X and XII, we can conclude that
the climate at that time may have been close to that of today, whereas
the climate in level IX may have been somewhat cooler.

6. Conclusions

Several rhinoceros remains from the imperfectly investigated
lower levels (XII and XI) of the famous cave of Grotta Romanelli
(Castro, Lecce, Italy) were described in this work. Whereas some of
them do not display taxonomically diagnostic morphological
characters, others (e.g., the astragalus and the metapodial bones)
bear morphological features that can be referred to the middle
Pleistocene species Stephanorhinus hundsheimensis (Toula, 1902).
The Apulian area is indicated in the literature as a refuge for middle
Pleistocene species which possibly survived there until the late
Pleistocene. Nevertheless, Toula’s rhinoceros became extinct in the
Italian Peninsula long before the end of the middle Pleistocene; this
suggests that the lower levels of Grotta Romanelli are older than
previously reported. A middle Pleistocene age for these levels is
also suggested by the presence of Hippopotamus antiquus as well as
by the results obtained from the analysis of the volcanoclastic
material collected from the bone surfaces. The stable isotope
analyses (d13C, d18O) on tooth fragments also revealed that the
lower levels of the Cave deposited during more arid conditions
compared to those of the well-known late Pleistocene level G
(‘‘Terre rosse deposit’’, chronologically referred to MIS 3). Accord-
ingly, the Grotta Romanelli sequence is shown to span the early
middle Pleistocene to Holocene time interval. In the light of these
results, the age of the different mammal assemblages and
associated lithic industries found in the cave and karst deposits
of the Apulian area should be carefully revised. Unfortunately,
there is no evidence that rhinoceros bones from Grotta Romanelli
were burned by humans.
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