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Abstract. A rhinocerotid fossil (NMNS-PV9600) from the lower part of the Isa Formation (Middle Pleisto-
cene), Isa area, Mine City, Western Japan, is described. Previously, this specimen had been identified as Dicer-
orhinus nipponicus. However, the specimen shares the following features with the genus Stephanorhinus:
molarised premolars; absence of P1; absence of metacone fold on P3 and P4; presence of crochet on the pre-
molars and molars; presence of a crista on the molars; absence of medifossette on both premolars and molars;
triangular-shaped M3. In this study, NMINS-PV9600 is redescribed as Stephanorhinus kirchbergensis based on
morphological and metric comparisons with other Eurasian Pleistocene rhinocerotids. NMNS-PV9600 is close
to S. kirchbergensis from Choukoutien, suggesting S. kirchbergensis could have reached the Japanese archipel-
ago during the middle Pleistocene (before or around 0.43 Ma). NMNS-PV9600 was an adult individual around
25 years in age when it died, based on the tooth eruption and wear stage. The cheek teeth morphology suggests
that S. kirchbergensis from Japan was probably a browser as the species has before been considered in occur-
rences from other countries.

Key words: paleobiogeography, Pleistocene, Rhinocerotidae, Stephanorhinus, Western Japan, Yamaguchi Pre-

fecture

Introduction

In Japan, abundant land mammal fossils have been dis-
covered from Pleistocene deposits (e.g. Kawamura,
1991). Of these, rhinocerotid fossils were discovered
from Central and Western Japan (Figure 1). Some spec-
imens were identified as belonging to the genus Dicer-
orhinus or Rhinoceros. Shikama et al. (1967) described
a skull of a rhinocerotid from Isa in Mine City, Yamaguchi
Prefecture, as a new species Dicerorhinus nipponicus
based on comparison with Chinese Pleistocene species of
Dicerorhinus. Dicerorhinus cf. nipponicus and Dicer-
orhinus sp. were reported from Matsugae in Fukuoka
Prefecture by Okazaki (2007) and Ogino et al. (2009),
respectively. Shikama (1967) reported Rhinoceros aff.
sinensis from Aira in Kagoshima Prefecture. Nagasawa
(1961) described Rhinoceros sp. from Kuzuu in Tochigi
Prefecture, although Shikama ef al. (1967) noted that this
specimen possibly belongs to D. nipponicus. In contrast,
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the precise taxonomic position of the other rhinocerotid
fossils from Yage, Bisan-Seto and Tsukumi area, is
uncertain (e.g. Handa, 2015).

In the last decades, taxonomic revisions of European
and Northern Asian Plio-Pleistocene rhinoceroses have
been conducted by many researchers and the fossil spe-
cies usually referred to the genus Dicerorhinus have been
reassigned to Stephanorhinus (Groves, 1983; Fortelius et
al., 1993; Cerdefio, 1995; Lacombat, 2005; Tong and
Wu, 2010; Tong, 2012; Pandolfi, 2013; Pandolfi and
Marra, 2015; Pandolfi and Tagliacozzo, 2015). In Japan,
several researchers also pointed out that D. nipponicus
was comparable to the Eurasian species of Stephanorhi-
nus (e.g. Ogino et al., 2009). However, a thorough taxo-
nomic revision of D. nipponicus has not been undertaken
since its first descriptions. Here, we reexamine the holo-
type of D. nipponicus described by Shikama et al. (1967)
and discuss its taxonomic affinities and paleobiogeo-
graphic implications.
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Figure 1. Map showing the localities of the Pleistocene
rhinocerotid fossils from Japan (modified from Handa, 2015).

Materials and methods

The studied specimen is stored in the National
Museum of Nature and Science, Tsukuba, Japan. The
specimen was morphologically compared with several
Pleistocene remains referred to Coelodonta antiquitatis
(Blumenbach, 1799), Stephanorhinus kirchbergensis
(Jager, 1839), S. hemitoechus (Falconer, 1859), S. etrus-
cus (Falconer, 1868), S. hundsheimensis (Toula, 1902), S.
yunchuchenensis (Chow, 1963a), S. lantianensis (Hu and
Qi, 1978) and with the extant Rhinoceros unicornis
Linnaeus, 1758, Dicerorhinus sumatrensis (Fischer, 1814)
and R. sondaicus Desmarest, 1822. These specimens
were collected from a number of Eurasian localities and
are currently housed in different institutions and muse-
ums. Tooth terminology follows that introduced by
Guérin (1980) and revised by Antoine (2002). The metric
methodology is based on the work of Guérin (1980).

Institutional abbreviations.—IGF = Museo di Storia
Naturale, sezione di Geologia e Paleontologia, Florence,
Italy, IQW = Institute fiir Quartérpaldontologie, Weimar,
Germany, IVPP = Institute of Vertebrate Paleontology
and Paleoanthropology, Beijing, China, MCP = Museo
della Certosa di Calci, Pisa, Italy, MfN = Museum fiir
Naturkunde, Berlin, Germany, MNCN = Museo Nacio-
nal de Ciencias Naturales, Madrid, Spain, MNHN =
Muséum National d’Histoire Naturelle, Paris, France,
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MPI = Museo Paleontologico di Isernia La Pineta, Isernia,
Italy, MPUR = Museo Paleontologico dell’Universita
Sapienza di Roma, Rome, Italy, MVC = Museo Paleon-
tologico e Archeologico “Virginio Caccia”, San Colombano
al Lambro, Italyy, NHML = Natural History Museum,
London, United Kingdom, NHMW = Naturhistorisches
Museum, Wien, Austria, NMB = Naturhistorisches
Museum, Basel, Switzerland, NMNS = National Museum
of Nature and Science, Tsukuba, Japan, SMNS = Staatliches
Museum fiir Naturkunde, Stuttgart, Germany.

Systematic paleontology

Family Rhinocerotidae Gray, 1821
Subfamily Rhinocerotinae Gray, 1821
Tribe Rhinocerotini Gray, 1821
Genus Stephanorhinus Kretzoi, 1942a

Type species—Stephanorhinus etruscus (Falconer,
1868).

Included  species.—Stephanorhinus  kirchbergensis
(Jager, 1839), Stephanorhinus hemitoechus (Falconer,
1859), Stephanorhinus hundsheimensis (Toula, 1902),
Stephanorhinus yunchuchenensis (Chow, 1963a), Steph-
anorhinus jeanvireti (Guérin, 1972), Stephanorhinus lan-
tianensis (Hu and Qi, 1978), maybe “Stephanorhinus”
miguelcrusafonti (Guérin and Santafé-Llopis, 1978) and
with uncertainty Stephanorhinus? africanus (Arambourg,
1970).

Occurrence—From the lower Pliocene to the uppermost
Pleistocene in Eurasia and during the Upper Pleistocene
in Africa. The genus was reported from the lower-middle
Pliocene of Tunisia with uncertainly (Stephanorhinus?
africanus) and was also recorded at about 3-3.5 Ma in
Chad (Geraads, 2010).

Diagnosis.—Large to medium size two-horned rhinoc-
eroses. Presence of a rostrally ossified nasal septum
which connected the intermaxilla with the nasal bones,
molarised premolars, absence of functional incisors, P1
normally absent, metacone fold absent or weakly devel-
oped on the upper premolars, crochet rarely absent, M3
triangular shaped in occlusal view, and brachydont to
semi-hypsodont cheek teeth (see Tong and Wu, 2010;
Tong, 2012; Pandolfi and Tagliacozzo, 2015). The diag-
nosis of the genus Stephanorhinus also reflects that of the
subgenus Brandtorhinus given by Guérin (1980, 2004).

Remarks.—Recently, Pandolfi and Tagliacozzo (2015)
agreed with the considerations reported by Guérin (1980,
2004) on works published by Kretzoi (1942a, b) which
established the genus Stephanorhinus. Nevertheless,
Pandolfi and Tagliacozzo (2015) also noticed that Steph-
anorhinus appears to be a valid name according to the
International Commission on Zoological Nomenclature
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Figure 2. Stephanorhinus kirchbergensis from Isa area, Mine City, Yamaguchi Prefecture, Western Japan (NMNS-PV9600). a, lateral
view; b, schematic drawing of lateral view; ¢, anterior view. Scale bar = 10 cm.

(2000; ICZN) rules. In fact, the works of Kretzoi (1942a,  Rhinoceros mercki Kaup, 1841. von Meyer, 1864, p. 235, pls. 35-38,
b) satisfies the Articles 8, 11.8, 13.1, 13.3, 42 in ICZN. pl. 39, fig. 4; Brandt, 1877, p. 1, pl. 1, pl. 2, figs. 13, pl. 3, pl.
7, figs. 14-16, pl. 11; Wist, 1911, p. 133, pl. 10, figs. 4-6;
Schroeder, 1930, p. 5, pl. 1, figs. 4-9, pls. 2-9, pl. 10, figs. 45,

Stephanorhinus kirchbergensis (Jager, 1839) 4950, pl. 11, figs. 53-54, pls. 1213, 16-21, 24-26.

Figures 2, 3a, b Dicerorhinus choukoutiensis Wang, 1931, p. 69-76, pls. I-IV; Chow,
1963a, p. 62, pl. L.
Rhinoceros kirchbergense Jager, 1839, p. 180, pl. 16, figs. 31-33. Stephanorhinus kirchbergensis (Jager, 1839). Kretzoi, 1942a, p. 312;
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Figure 3. Upper cheek tooth series of NMNS-PV9600 and selected compared specimens. a, occlusal view of the upper tooth series of
NMNS-PV9600; b, schematic drawing of the upper tooth series; ¢, left upper cheek tooth series of Dicerorhinus sumatrensis (NMB105129);
d, right upper cheek tooth series of Stephanorhinus kirchbergensis (NHML22020); e, left upper cheek tooth series of S. kirchbergensis
(MPUR1498); f, right upper cheek tooth series of S. kirchbergensis (MPUR1519). e and f are modified from Pandolfi and Marra (2015). Gray
shading indicates a damaged portion. Scale bar = 2 cm.
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Kretzoi, 1942b, p. 348; Fortelius et al., 1993, p. 66, pl. 1, fig. 3,
pl. 2, fig. 3, pl. 4, fig. 4, pl. 5, figs. 3, 7, pl. 8, figs. 4, 8, 11, pl.
9, fig. 4, pl. 11, fig. 5, pl. 12, fig. 4, pl. 13, fig. 4, pl. 15, figs. 4,
8, pl. 16, figs. 4, 8, 11, 15, 19.

Dicerorhinus nipponicus Shikama et al., 1967, pls. 1, 2.

Dicerorhinus mercki (Kaup, 1841). Borsuk-Bialynicka and Jakubowski,
1972, p. 188, figs. 1A, 2, pls. 1-4; Guérin, 1980, p. 623.

Dicerorhinus kirchbergensis (Jager, 1939). Xu, 1986, p. 229, pl. 1, figs.
3, 4.

Brandtorhinus mercki (Kaup, 1841). Guérin, 1989, p. 9.

Diagnosis—Considering D. mercki as a junior syn-
onym of S. kirchbergensis, an exhaustive diagnosis can
be deduced from Guérin (1980: p. 1040). A revised diag-
nosis of the species was also reported by Tong and Wu
(2010) and Tong (2012).

Referred Material—The studied specimen (NMNS-
PV9600) is composed of a partial skull and two left man-
dibular fragments with roots of cheek teeth, that was
described by Shikama et al. (1967).

Locality and Horizon.—The present specimen was
found from Isa quarry of the Ube Kosan Company in Isa
area, Mine City, Yamaguchi Prefecture, Japan (Figure 1).
According to Shikama et al. (1967), the present specimen
was collected from the red clay of the lower part of the
Isa Formation, which has yielded large mammal fossils
such as Stegodon orientalis, Panthera youngi, Ursus arc-
tos and Sinomegaceros yabei (e.g. Shikama and Okafuji,
1958; Okafuji and Otsuka, 1977). The age of the forma-
tion is estimated as Middle Pleistocene based on the
mammal fossils (Kamei et al., 1988).

Description

The studied specimen is a right half of a skull (Figure
2). The anterior and neurocranial parts of the skull are
missing. In lateral view, the nasal notch is located at half
of P2 (Figure 2a, b). The infraorbital foramen is located
at the anterior half of P3. The anterior margin of the orbit
is situated at the anterior part of M2. On the anterior mar-
gin of the orbit, the preorbital process projects laterally.
The short infraorbital process projects postero-ventrally.
In lateral view, the partial jugal arch is gently oriented
postero-dorsally (Figure 2a, b).

Right P2 to M3 are preserved (Figure 3a, b). The teeth
are moderately worn. The occlusal surface of the teeth is
concave. There is no coronal cement on the teeth.

The buccal and mesio-lingual parts of P2 are broken
(Figure 3a, b). The protoloph and metaloph are con-
nected at this wear stage. The crochet and crista project
toward the mesial. These do not connect to each other.
The postfossette is small and oval in shape. There is the
trace of a lingual cingulum.

The ectoloph of P3 is slightly undulated (Figure 3a, b).
The protoloph and metaloph bend disto-lingually. These
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lophs are connected at this wear stage (Figure 3a, b). The
parastyle is short. The paracone fold is weak. The crochet
is bifid. The postfossette is small. There is a mesial cin-
gulum. The trace of a short lingual cingulum is pre-
served. There is no buccal cingulum.

The ectoloph of P4 is partially broken and slightly
undulated as in P3 (Figure 3a, b). The protoloph and met-
aloph bend disto-lingually. The parastyle and metastyle
are short. The crochet projects mesially. There are no
crista and antecrochet. A mesial-lingual cingulum occurs
on the corner of the protocone. There is a short lingual
cingulum at the entrance of the medisinus. The buccal
cingulum is not developed.

M1 is almost completely preserved (Figure 3a, b). The
ectoloph is slightly undulated. The protoloph and meta-
loph are almost oriented lingually. The anterior proto-
cone groove is weak. The paracone fold is slightly
developed. There are crochet and crista, which do not
contact each other. A short mesio-lingual cingulum
occurs on the mesio-lingual margin of the protocone. A
trace of the lingual cingulum is located at the entrance of
the medisinus. There is no buccal cingulum.

The morphology of M2 is similar to that of M1 (Figure
3a, b). The lingual part of the protocone is broken. The
posterior part of the ectoloph is concave. The protoloph
and metaloph are disto-lingually oriented. The paracone
fold is developed and it disappears at the base of the
crown. The parastyle is short. The metastyle is relatively
long at this wear stage. Crochet and crista are present.
The mesial cingulum is low and located along the pro-
toloph. The distal cingulum is also low. The buccal cin-
gulum is not developed. A short lingual cingulum is
preserved.

M3 is well preserved (Figure 3a, b). The protoloph is
lingually oriented. The ectometaloph extends disto-
lingually. The anterior protocone groove is weak. The
paracone fold and the parastyle are developed. Crochet
and crista are present. The mesial cingulum is located
along the protoloph and it is characterized by the pres-
ence of several small tubercles on it. The distal cingulum
is knob-like. There is a pillar-like lingual cingulum at the
entrance of the medisinus.

Morphological comparison

Comparison with Pleistocene—Holocene Asian species

NMNS-PV9600 differs from Rhinoceros unicornis in
having less marked paracone and metacone folds on the
premolars, a developed mesostyle on P2 and P3, a usu-
ally not constricted metaloph on the premolars, no med-
ifossette on the premolars and a rounded lingual wall of
the protocone on M3. Moreover, the lingual cingulum is
not present on the premolars of R. unicornis.
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NMNS-PV9600 differs from Rhinoceros sondaicus in
showing the following characters: the crista is present on
both premolars and molars, the crochet is present on the
premolars, the mesostyle is present on the premolars, the
hypocone is slightly smaller than the protocone on P2
and the paracone fold is less marked on the molars.

Cranial material of Rhinoceros sivalensis is poorly
known, being represented by only a few specimens col-
lected from the Siwalik Hills (Pandolfi and Maiorino,
2016). This species has been also considered as synonym
of R. unicornis (Antoine, 2012). The taxonomic status of
R. sinensis is still debated (Antoine, 2012 and references
therein; Pandolfi, 2015; Pandolfi and Maiorino, 2016)
because the species was established only on fragmented
and isolated teeth by Owen (1870). Chinese material
assigned as R. sinensis has been recently referred to
Dicerorhinus sumatrensis and S. kirchbergensis (Tong
and Wu, 2010; Tong, 2012). A careful revision of the
Asian material referred to R. sinensis is therefore needed.

On the upper teeth of Dicerorhinus sumatrensis (Fig-
ure 3c), the metacone fold is present and developed on
the premolars, the crista is absent on the premolars and
it has been reported only once time on the molars
(Guérin, 1980), the crochet is absent or very weak on the
premolars, the metacone is larger than the protocone on
the premolars, protocone and hypocone are separated on
P2 and P3 and the paracone fold is marked on the molars.

Comparison with Coelodonta

NMNS-PV9600 differs from the Middle and Late
Pleistocene Coelodonta by having a smooth enamel
without cement, no hypsodont teeth, absence of a medi-
fossette on the upper teeth, slightly undulated ectoloph,
a lingually directed protoloph and a metaloph on M1 and
M2, a lingually directed protoloph on M3, and a triangu-
lar M3 in occlusal view.

Comparison with Stephanorhinus

The crista is usually absent on the upper teeth of Steph-
anorhinus etruscus; this structure has been only observed
on the M3s of two maxillae from Senezé (lower Pleisto-
cene, France) and Upper Valdarno (lower Pleistocene,
Italy) (NMB Se187; Va453). The ectoloph profile is quite
flattened or slightly convex on the premolars of S. etrus-
cus and the mesostyle is not evident on P3 and P4; the
lingual cingulum, when present, is more developed on P3
and P4 of S. etruscus than on NMNS-PV9600.

The upper teeth of Stephanorhinus yunchuchenensis
(IVPP V2879: lower Pleistocene of China; Chow, 1963a)
are much worn, the crista is present on M1 and M2 but
on M1s and on the right M2 it is rather close to the cro-
chet bearing a medifossette. The ectoloph profile on M2
is rather oblique and the mesial side of this tooth appears
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more developed transversally than the distal side.

The upper teeth of Stephanorhinus lantianensis (IVPP
V5413: lower Pleistocene of China; Hu and Qi, 1978) are
much worn and useful morphological characters are not
evident. According to Tong (2012) the protoloph and the
metaloph are parallel and vertical to the long axis of the
tooth series on P3-M2 and a metacone fold occurs on
M3. These features are not present on NMNS-PV9600.

On Stephanorhinus hundsheimensis, the lingual cingu-
lum is evident on the upper premolars, the mesostyle is
absent on P3 and P4 and the ectoloph profile is less wavy
on these two premolars than in those of NMNS-PV9600.
The crista is present on both premolars and molars of S.
hundsheimensis. The molars in NMNS-PV9600 do not
differ as well from those of S. hundsheimensis. A small
crista can be observed on the upper molars of the speci-
men IQW 1964-680 from Siissenborn (Middle Pleistocene,
Germany). In the latter specimen, however, the ectoloph
profile of the premolars is slightly convex and the lingual
cingulum on the premolars is developed and continuous
as well as on the specimen from Hundsheim (NHMW
A5591-312/G3/3: Middle Pleistocene, Austria) and Isernia
La Pineta (MPI 33084: Middle Pleistocene, Italy). In the
specimen from Isernia La Pineta the M1 also displays a
reduced lingual cingulum at the entrance of the medisi-
nus; the specimen, however, differs from NMNS-
PV9600 by having several accessory folds on the premo-
lars, a relatively convex profile of the ectoloph on P3 and
P4, and protocone and hypocone slightly joined lin-
gually. These characters are also evident on the specimen
NHML 18705 from Pakefield (Middle Pleistocene,
England). A small crista is also present on M1 and M2
of S. hundsheimensis from Mosbach (MNHN PW1977-
13: Middle Pleistocene, Germany); however, the premo-
lars of the specimens collected from this locality display
several folds in the medisinus (e.g. double crista), some-
times a medifossette, an evident lingual cingulum and
lack of the mesostyle.

The upper teeth of the Stephanorhinus hemitoechus
skull from Ilford (Middle Pleistocene, England) are
much worn (NHML 45205, 40939, 40946). The meso-
style appears absent on P3 and P4 which display a weak
metacone fold. M2 and M3 have a small crista as in
NMNS-PV9600. The ectometaloph profile on M3 of
NHML 45205 is convex whereas it appears flattened in
NMNS-PV9600. The specimen NHML 40939 resembles
NHML 45205. The crista is absent on the molars of the
specimen NHML 40946 but it is present on P4 only; P3
and P4 of NHML 40946 display a weak metacone fold.
A reduced lingual cingulum occurs at the entrance of the
medisinus on P3 and P4, as in NMNS-PV9600. The folds
on the M2 ectoloph appear more marked than in NMNS-
PV9600. The M3 in NHML 40946 displays a slightly
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convex profile of the ectometaloph. The upper tooth
series from Montesacro (MPUR 1497 and 1497a: Middle
Pleistocene, Italy) display a crista on M1 and M2, but
they differ from NMNS-PV9600 by having a convex
profile of the ectometaloph on M3, marked ectoloph
folds on M2 and by lacking the mesostyle on P3 and P4;
the latter tooth also has a long parastyle. Marked ectol-
oph folds on M2 also occur on the upper tooth series
from Cueva Millan (MNCN 61743: Upper Pleistocene,
Spain) which also has separate protocone and hypocone,
a crista, a weak metacone fold and a long parastyle on
P4. On erupting P3 of the tooth series from Maspino
(IGF 11641: Middle Pleistocene, Italy), the mesostyle is
absent and the parastyle is long, the crista is absent on
M1 and M2 which display marked ectoloph folds. Other
specimens (housed at IGF and MCP: Azzaroli, 1962)
from Maspino and neighboring localities have a convex
ectometaloph profile on M3, the crista is rarely observed
on the molars (in particular it occurs only on M2) and the
mesostyle is absent on the premolars. On the upper tooth
series of the specimen from San Colombano (MVC:
Upper Pleistocene, Italy) the crista is absent on the
molars, the ectometaloph on M3 is convex, the crochet
is double on P3 and M2, the mesostyle is absent on P3
and P4; and the latter tooth also displays a long parastyle.

The presence of the crista on the molars, of a reduced
lingual cingulum on the premolars and of a wavy ectol-
oph on P3 and P4 can be observed on the specimens
assigned to Stephanorhinus kirchbergensis. However, the
M2 of S. kirchbergensis from Kirchberg (NMB no code:
Middle Pleistocene, Germany) differs from NMNS-
PV9600 by having a more wavy profile of the ectoloph
and bulbously lingual cones, whereas the M3 from the
same locality lacks the crista and has a less curved pro-
toloph than in NMNS-PV9600. A fragment of maxilla
with P2-M1 (MfN MbMa42546) of S. kirchbergensis
from Taubach (Upper Pleistocene, Germany) differs
from NMNS-PV9600 by having a more wavy profile of
the ectoloph on M1, a small crista on P4, separated pro-
tocone and hypocone on P3, a long parastyle and meta-
style on P3 and P4. The M3s from Taubach and Rixdorf
(MfN: Upper Pleistocene, Germany) resemble the M3 of
NMNS-PV9600 but their protocone is wider at the base
than in the studied specimen. The upper tooth series from
Grays (NHML 22020: middle Pleistocene, England)
(Figure 3d) differs from NMNS-PV9600 by having a
long parastyle on P3 and P4, a small antecrochet on M3
and a small crista on P4. The ectoloph profiles of the
teeth from Grays resemble those of NMNS-PV9600,
including the presence of a slight mesostyle on P3 and
P4. The differences and similarities between NMNS-
PV9600 and NHML 22020 can be also recognized on
several isolated teeth of S. kirchbergensis from Grays
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which show certain variability in the presence and devel-
opment of the internal folds. The morphologies of
NMNS-PV9600 resemble the upper tooth series from the
suburban area of Rome (MPUR). The composite speci-
men MPUR 1498 (Figure 3e) displays a crista on M1 and
M2, a wavy ectoloph on premolars and molars, a slight
mesostyle on P4, a reduced lingual cingulum on the pre-
molars, and a double crochet on P4. The specimen differs
from NMNS-PV9600 by having a medifossette on M3,
a small antecrochet on M2, a multiple crochet on P3, a
slight metacone fold on P3, and a well evident lingual
cingulum on P4. On the specimen MPUR 1518, the lin-
gual cingulum is absent on the premolars (but a weak
cingulum is present on MPUR 1519 (Figure 3f) belong-
ing to the same individual of MPUR 1518), the crista is
absent on M1 whereas it is present on P4, the ectoloph
is slightly wavy on the premolars, and the metacone fold
appears absent whereas the mesostyle is shallow. The
Chinese specimen [VPP V45609 is rather worn, it displays
the following common features with NMNS-PV9600: a
crista on M2 and M3, a wavy profile of the ectoloph on
M2 with shallow folds, a reduced lingual cingulum at the
entrance of the medisinus on P4, weak crochet on P3 and
P4, a weak mesostyle on P4.

The upper tooth series of Stephanorhinus kirchbergen-
sis from Rhino Cave (Upper Pleistocene, China: Tong
and Wu, 2010; fig. 2A, B) morphologically resemble
NMNS-PV9600 but differ from it by having a strong pro-
tocone constriction on M1 and M2, a posterior groove on
M3 and by lacking a crista on M1.

The upper premolars from Migong Cave (Upper Pleis-
tocene, China) figured by Chen et al. (2012; fig. 3B, C)
differ from NMNS-PV9600 by having a strong lingual
cingulum, several internal folds (i.e., complex crochet,
crista) and a rather convex ectoloph profile on P4. The
M1 and M2 from the same locality display a strong pro-
tocone constriction and also a metaloph constriction (on
M1 and M3), the crista is absent and the ectoloph profile
is less wavy. The two M3 from Migong Cave are mor-
phologically rather close to that of NMNS-PV9600 but
one of them doesn’t display a crista, whereas the other
one has two cristae.

The isolated upper premolars from Choukoutien (upper
lower Pleistocene, China) figured by Wang (1931: pl. II)
differs from NMNS-PV9600 by having a small crista on
P3, a wide postfossette on P4, an S-shaped metaloph on
P4 in occlusal view and a less wavy ectoloph on P3 and
P4. The isolated upper molars from Choukoutien (Wang,
1931: pl. 1) differ from NMNS-PV9600 by lacking the
crista, by having a marked protocone constriction on M1
and by a convex ectometaloph profile on M3.

On the upper tooth series of the Dicerorhinus chouk-
outienensis skull (Chow, 1963b: pl. I, fig. 3), a weak
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Table 1. Measurements (in mm) of upper cheek teeth row comparing NMNS-PV9600 with Stephanorhinus species. L,y p_, maximal

length of the tooth series; L,y p, maximal length of the premolar row;

L nax, M maximal length of the molar row. 1, data from Guérin (1980);

2, data from Chow (1963b); 3, data from Lacombat (2005); 4, data from Kahlke (1977).

NMNS- S. S. S. S. S.

PV9600 etruscus' hundsheimensis' hemitoechus' kirchbergensisl yunchuchenensis2 choukoutienensis® hundsheimensis

S. S. S.

hemitoechus® kirchbergensi.€4

D. 3
3 S etruscus

Liax.pv 238 220245 226-263.5 243-267  266-289.5 259 300 241-244 223-232 - -
Lpax.p  102.8+ 100-135 96-119.5 101-125  111-133 110 130 104.5-116.6 94.9-101.66 - 1312
Ligx, v 1454 126-145 128-159.5 133-168 159-176 - 167 137.6-147.07 133.92-135.16  151.26 168.8
Table 2. Measurements (in mm) of the upper cheek teeth comparison of NMNS-PV9600 with other species of
Stephanorhinus. 1, data from Guérin (1980); 2, data from Chow (1963b). Abbreviations: L, length; W, width; min.,
minimal value; max., maximal value; mean, mean value.
NMNS-PV9600 S. etruscus' S. hundsheimensis' S. hemitoechus' S. yunchuchenensis2
min. max. mean min. max. mean min. max. mean
P2 L 22.8 29 35 32 28.5 375 345 31 345 3271 33
w 26.8+ 32 42.5 3811 33 44 38.59 34 39 36.46 38
P3 L 39.7 35 41 3835 35 46 40.93 38 43.5 40.73 37
/4 53.4 42 54 48.66 45 57.5 50.03 44 53 49.07 -
P4 L 42.9 37 425 3989 39 48.5 43.09 38 48 43.73 42
w 56.1 45 63 54.69 50 59 54.69 47 62 55.44 58
Ml L 53.3 41 50.5 48 44 57.5 499 435 575 532 47
w 60.6 48 60.5 55.61 5l 63 57.44 53 68 61.09 64
M2 L 55.8 455 57 49.89 47 63 53.88 46.5 65 59.25 56
w 60.8 48 65.5 5725 52 67 59.42 56 72 64.22 -
M3 L 50.2 47 59 532  50.5 66 55.71 50 77 65.41 -
/4 55.5 46 56.5 5191 46 60 53.07 52 65 59.54 -

crista is present on M1 and P4, the crochet is shallow on
the premolars, the lingual cingulum is reduced and
occurs at the entrance of the medisinus on premolars, M1
and M2. The ectoloph profiles of P3 and P4 of Chouk-
outien resemble those of NMNS-PV9600 as well as the
ectoloph profiles of M1 and M2. The Chinese specimen
and the Japanese one also display similar features in the
morphology of the protoloph and metaloph of premolars
and molars, in the presence of a shallow protocone con-
striction on M1 and in the morphology of the ectolomet-
aloph and protoloph of M3. According to Shikama et al.
(1967) D. nipponicus is nearest to D. choukoutienensis,
but differs by having a higher orbit and maxilla. In fact,
the preserved zygomatic arch on NMNS-PV9600
appears high and with an oblique lower border of the
jugal in respect to the tooth series, whereas on the skull
from Choukoutien it is low and with a parallel lower bor-

der of the jugal in respect to the tooth series. However,
the studied specimen appears damaged on the lower mar-
gin of the preserved zygomatic arch and the morphology
of the upper border of the latter, as well as the position
of the anterior border of the orbital cavity and of the
infraorbital foramen, doesn’t differ from those of several
Stephanorhinus  kirchbergensis skulls (e.g. SMNS
6616.2.11.89.13).

Metric comparison

The measurements of NMNS-PV9600 and compared
specimens are shown in Tables 1-3. The maximal length
of the upper tooth series of NMNS-PV9600 falls within
the dimensional ranges of Dicerorhinus etruscus etruscus
(= Stephanorhinus etruscus) and D. etruscus brachy-
cephalus (= S. hundsheimensis, but excluding the type
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Table 3. Measurements (in mm) of upper cheek teeth of NMNS-PV9600 compared with Stephanorhinus
kirchbergensis. 1, data from Chen et al. (2012); 2, data from Tong and Wu (2010); 3, data from Xu (1986); 4, data from Chow
(1979); 5, data from Guérin (1980). Abbreviations: L, length; W, width; min., minimal value; max., maximal value; mean,

mean value.
NMNS-PV9600 Migong Cave! Rhino Cave® Anping3 Choukoutien® Western Europe5
min. max. min. max. mean min. max. min. max. mean min. max. mean
P2 L 22.8 - - - - - 325 36.8 30 36 33.8 365 41 38.25
w 26.8+ - - - - - 40.1 418 39 43 41.6 41 44.5 42.67
P3 L 39.7 456 518 - - - 382 432 38 39 38.6 455 49 47.13
w 53.4 60.6 613 - - - 559 602 57 61 593 50 63 57.3
P4 L 429 54.7 - 48.3 - - 442 51 44 50 46.3 50 53 51.88
w 56.1 63.7 - 67.1 - - 60.8 663 64 69 66.7 56 69.5 63.6
Ml L 53.3 60.1 - 56.9 - - 472 547 52 56 543 52 63.5 583
w 60.6 69.7 - 71.6 - - 612 672 60 74 69.5 60 715 67.2
M2 L 55.8 612 61.7 689 69.6 693 534 627 50 60 55 61.5 67 64.8
w 60.8 654 718 694 771 733 66 709 64 71 67.1 62 72.5 67.6
M3 L 50.2 603 61.7 63 70 66.9 605 672 60 67 63.2 63 65 63.9
w 55.5 55.1 554 5211 66.6 574 602 635 59 67 624 595 685 634

specimen) given by Guérin (1980) and of S. etruscus
given by Lacombat (2005). The length of the premolar
series falls within the dimensional ranges of S. etruscus,
S. hundsheimensis and S. hemitoechus given by Guérin
(1980), whereas the length of the molar series falls
within the range of S. hundsheimensis and S. hemi-
toechus given by Guérin (1980) and of S. hundsheimen-
sis given by Lacombat (2005). The length of the tooth
series is considerably smaller than those of S
yunchuchenensis, D. choukoutienensis (= S. kirchbergen-
sis) and S. kirchbergensis (= D. mercki in Guérin, 1980)
(Table 1).

The P2 dimensions of NMNS-PV9600 are smaller
than those of middle Pleistocene Eurasian rhinoceroses
(Table 2). The lengths of P3, M2 and M3 fall within the
range of Stephanorhinus etruscus, S. hundsheimensis and
S. hemitoechus given by Guérin (1980). The length of P2
is slightly larger than that of S. etruscus. The length of
M1 falls within the range of S. hundsheimensis and S.
hemitoechus given by Guérin (1980) whereas the values
of S. etruscus are smaller (Figure 4a). The width of P3
falls within the range of S. etruscus and S. hundsheimen-
sis, whereas the widths of P4 and M2 fall within the
range values of S. etruscus, S. hundsheimensis and S.
hemitoechus given by Guérin (1980). The width of M1
is close to that of S. etruscus (Figure 4b). Finally, the
lengths of P3, P4 and M2 are close to those of S.
yunchuchenensis (Table 2).
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The dimensional values of NMNS-PV9600 teeth are
generally smaller than those of Stephanorhinus kirchber-
gensis from Western Europe and from China (including
Dicerorhinus choukoutienensis) with the following
exceptions: The length of M2 falls within the range val-
ues of the specimens from Anping and Choukoutien; The
length of P3 falls within the range values of the specimens
from Anping, and is slightly larger than that of the speci-
mens from Choukoutien; The length of P4 is close to the
minimal values of S. kirchbergensis from Anping and
Choukoutien; The length of M1 falls within the dimen-
sional range of S. kirchbergensis from Western Europe,
Anping and Choukoutien (Table 3).

Discussion and conclusion

The studied specimen NMNS-PV9600 has fully
erupted permanent teeth. The premolars are well worn
down and all the molars, especially M3, are moderately
worn. This tooth eruption and occlusal pattern are com-
pared to the wear class XIII (age 20-28) of Ceratothe-
rium simum in Hillman-Smith er al. (1986). Goddard
(1970) also investigated the age class of Diceros bicornis
based on the tooth eruption and wear pattern. Compared
to his study, the present specimen is similar to the age
class XIII (mean age 25). Anders et al. (2011) proposed
six “individual dental age stages (IDAS)” based on the
tooth eruption and wear of the cheek teeth of many ter-
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Figure 4. Metric comparison of M1 (a) and M2 (b) of NMNS-PV9600 and those of Stephanorhinus etruscus, S. hundsheimensis and
S. hemitoechus from Western Europe, S. yunchuchenensis from China and S. kirchbergensis from China (Migong Cave, Rhino Cave, Anping
and Choukoutien) and Western Europe (source data are reported in Tables 2 and 3).
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restrial mammals. According to this study, the present
specimen is compared to IDAS 3 (adult). These results
suggest that the present specimen was an adult individual
around 25 years old when it died.

Morphological characters enable us to assign NMNS-
PV9600 to the Eurasian genus Stephanorhinus. In fact,
the studied specimen shares the following common fea-
tures with this genus: molarised premolars, absence of
P1, absence of metacone fold on P3 and P4, presence of
crochet on premolars and molars, presence of a crista on
the molars, absence of medifossette on both premolars
and molars, triangular-shaped M3.

Morphologically, the studied specimen is closer to
Stephanorhinus kirchbergensis, in particular to the spec-
imens from Choukoutien, than to other Eurasian Pleisto-
cene rhinoceroses. The presence of a small crista on the
upper molars seems to be a peculiar feature of NMNS-
PV9600, but this structure show a high variability within
the Stephanorhinus species and, as reported by Guérin
(1980), the crista is “une formation relativement labile”
(Guérin, 1980, p. 58).

The metric comparison reveals that NMNS-PV9600 is
generally smaller than Stephanorhinus kirchbergensis
from Western Europe, and a few measurements, in par-
ticular the lengths, fall within the range values of S.
kirchbergensis from Anping (upper Middle Pleistocene:
Xu, 1986) and Choukoutien (upper lower Pleistocene:
Wang, 1931; Chow, 1963b) (Tables 2, 3). Moreover, we
noticed that the Chinese material is slightly smaller in
length than the Western European material (Table 2).
These differences could reflect a subspecific differentia-
tion within the species such as that reported for extant
rhinoceroses like Diceros bicornis or Dicerorhinus
sumatrensis (Groves, 1967; Guérin, 1980; Strien et al.,
2008; Emslie, 2012) and supposed for fossil European
species (Pandolfi and Petronio, 2011; Pandolfi and
Tagliacozzo, 2015). A few morphological differences
seem to be also present between the Western European
and the East Asian material referred as S. kirchbergensis,
in particular in the wave of the ectoloph and the presence
of enlarged lingual cones on the molars. A careful anal-
ysis of the whole Eurasian material will be useful to test
the presence of different S. kirchbergensis subspecies.

A relationship between Stephanorhinus kirchbergensis
from China and the Japanese rhino could suggest that S.
kirchbergensis reached the Japanese archipelago,
together with several other Asian taxa (e.g. Macaca, Sus,
Cervus), during the middle Pleistocene and slightly
decreased in size due to “island effect”. The immigration
of continental Asian taxa in Japan occurred twice during
the middle Pleistocene according to Kawamura (1991,
1998) and Konishi and Yoshikawa (1999): around 0.63
Ma, with the entrance of Southern Chinese taxa, and
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around 0.43 Ma, with the entrance of Northern Chinese
taxa. According to Ogino et al. (2009), the taxa belong-
ing to the second immigration event (Palaeoloxodon
stage) and collected from the Matsugae limestone cave
deposits (Tokunaga, 1931; Saito, 1939; Naora, 1944;
Ogino and Otsuka, 2005, 2008; Ogino et al., 2009) are
comparable to the Middle Pleistocene Northern Chinese
Locality 1 of the Choukoutien fauna. The Matsugae
fauna, recently correlated with the QM4 (0.3 to 0.5 Ma,
Quaternary mammal zones in the Japanese Islands:
Kamei et al., 1988) by Ogino et al. (2009), includes Pan-
thera and Stegodon orientalis, which also occurs in the
red clay of the Lower Isa Formation, Yamaguchi Prefec-
ture, where the rhinoceros specimen under examination
was collected (Shikama et al., 1967). In Japan, almost all
the Pleistocene rhinoceroses seem to be present only dur-
ing the QM4 (Ogino et al., 2009), which represents an
important time span for immigration of continental taxa
into the Japanese archipelago via the Korean Peninsula.
One exception is Rhinoceros aff. sinensis from possibly
lower Pleistocene deposit in Aira, Kagoshima (Shikama,
1967). The morphological affinities between NMNS-
PV9600 and the Chinese material support the hypothesis
of a dispersal of Northern Chinese taxa towards Japan
during the middle Pleistocene. Indeed, S. kirchbergensis
is a common taxon within Northern Chinese faunas that
are middle Pleistocene in age (Tong, 2002, 2012) and its
southernmost occurrence in China is from the Upper
Pleistocene locality of Rhino Cave, in Shennongjia
(Tong and Wu, 2010).

The fragment of M2 collected from the Matsugae
deposits (Tokunaga, 1931; Ogino et al., 2009) also
resembles several M2s of Stephanorhinus kirchbergensis
by having crista, crochet, antecrochet and a relatively
large lingual cone. This specimen was assigned to Rhi-
noceros shindoi by Tokunaga (1931) and was reported as
Dicerorhinus sp. by Ogino et al. (2009). If the presence
of different subspecies is confirmed by further material,
the Japanese rhino should be named S. kirchbergensis
shindoi because of the priority of Tokunaga’s name over
Dicerorhinus nipponicus proposed by Shikama et al.
(1967). The Western European S. kirchbergensis would
become the nominal subspecies S. kirchbergensis kirch-
bergensis (Jager, 1839), whereas the Chinese one should
be called S. kirchbergensis choukoutienensis (Wang,
1931). We should assert that these names are not being
introduced here as official names.

The teeth of NMNS-PV9600 show the following den-
tal features: concaved occlusal surface, unequal enamel
thickness, inclined buccal and lingual wall, sawtooth
wear profile of the ectoloph and triangular-shaped M3.
These features are found in brachydont teeth of rhinoc-
eroses (Fortelius, 1982), suggesting that the present spe-
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cies was probably a browser. The feeding habits of S.
kirchbergensis from Europe have been evaluated as that
of a browser based on the following characters: relatively
low crowned cheek teeth, long limbs, high head posture
(e.g. Fortelius et al., 1993; Made, 2010). In contrast, the
other species of Stephanorhinus, S. hemitoechus, from
Europe, has short legs and more hypsodont cheek teeth
with abundant coronal cement, suggesting that this spe-
cies was adapted to grazing (e.g. Fortelius et al., 1993;
Made, 2010). Additionally, mesowear analysis of S.
kirchbergensis and S. hemitoechus suggests that S. kirch-
bergensis was a browser, whereas the diet of S. hemi-
toechus consisted of more abrasive material (Hernesniemi
et al., 2011). Nevertheless, van Asperen and Kahlke
(2015) recently suggested that despite these two species
having a preferred optimal diet, they had a considerable
dietary flexibility and adapted their diet according to
what was available in their environment (van Asperen
and Kahlke, 2015). Therefore, S. kirchbergensis from
Japan would have a similar ecology to that of S. kirch-
bergensis from Europe, although more materials are
needed to discuss this hypothesis.
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