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a  b  s  t  r  a  c  t

In 1979,  several  specimens  of  Rhinocerotidae  were  collected  from  the  Late  Miocene  deposits  of  the  Zala
Subbasin,  Pannonian  Basin,  Western  Hungary  and  were  inventoried  as  Rhinoceros  sp.  Based  on morpho-
logical  and  metric  grounds,  this  material  is here  referred  to  “Dihoplus”  megarhinus  (de Christol),  a  species
previously  known  only  from  Pliocene  localities.  This  is  the  earliest  record  of  the  species  in  Europe.  Our
results  support  the  hypothesis  that  the  origin  of  “D”.  megarhinus  took  place  in Asia and  that  this  species
successively  dispersed  towards  Western  Europe  during  the  end  of  the  Miocene.

© 2015  Elsevier  Masson  SAS.  All  rights  reserved.

ots clés :
hinocerotidae

 Dihoplus » megarhinus

r  é  s  u  m  é

En  1979,  plusieurs  spécimens  de  Rhinocerotidae  ont  été  collectés  dans  les  dépôts  du  Miocène  supérieur
du  bassin  de  Zala,  en  Pannonie  (Hongrie  occidentale),  et  alors  attribués  à Rhinoceros  sp.  Sur  la  base  des
ystématique
orphologie

iochronologie
aléobiogéographie

données  métriques  et  morphologiques,  ce matériel  est  ici  attribué  à « Dihoplus  »  megarhinus  (de  Christol),
une  espèce  précédemment  connue  seulement  dans  des  localités  du  Pliocène.  Cette  nouvelle  découverte
est  la plus  ancienne  mention  en  Europe  pour  « D  ». megarhinus.  Notre  analyse  suggère  que l’origine  de  «
D  ».  megarhinus  a  eu lieu  en  Asie  et  que cette  espèce  s’est  probablement  dispersée  en Europe  occidentale
dès  le Miocène  supérieur.

© 2015  Elsevier  Masson  SAS.  Tous  droits  réservés.
. Introduction
Please cite this article in press as: Pandolfi, L., et al., Earliest occurrence
(Late Miocene, Pannonian Basin, Hungary): Palaeobiogeographical and
http://dx.doi.org/10.1016/j.annpal.2015.09.001

The tribe Rhinocerotini includes the extant rhinoceroses that are
istributed in South-Eastern Asia and Africa. During the Neogene

∗ Corresponding author.
E-mail address: luca.pandolfi@uniroma3.it (L. Pandolfi).

http://dx.doi.org/10.1016/j.annpal.2015.09.001
753-3969/© 2015 Elsevier Masson SAS. All rights reserved.
and Pleistocene, this tribe was widely distributed and diversified
in Eurasia and Africa. Despite this, the systematic position and the
phylogenetic relationships of some species are still debatable, as
well as their spatio-temporal distribution is poorly known.
 of “Dihoplus” megarhinus (Mammalia, Rhinocerotidae) in Europe
 biochronological implications. Annales de Paléontologie (2015),

Rhinoceros megarhinus was  one of the first extinct rhinoceros
species described by palaeontologists. It was named by de Christol
(1834) and was generally recorded from several Pliocene localities
of Western Europe, Romania, Poland and Turkey (Guérin, 1980;

dx.doi.org/10.1016/j.annpal.2015.09.001
dx.doi.org/10.1016/j.annpal.2015.09.001
http://www.sciencedirect.com/science/journal/07533969
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Fig. 1. Location map  of the Kávás Late 

Carte de localisation du gisement de Kávás, 

odrea, 1993; Guérin and Sen, 1998; Pandolfi, 2013). Recently, it
as also reported in the latest Pliocene locality of Udunga (Trans-

aikalia, Russia; Fukuchi et al., 2009).
The aim of this paper is to describe Late Miocene rhinoceros

emains originating from Kávás, Zala Subbasin, Western Hungary
Fig. 1), and to discuss the palaeobiogeographical and biochrono-
ogical implications of this finding.

The Zala Subbasin (Fig. 1) is part of the wider Pannonian Basin
nd is located north to the “Balaton line”, which was  interpreted
s the eastern continuation of the Periadriatic Lineament (Fodor
t al., 1998; Magyar et al., 1999; Haas et al., 2000; Benedek et al.,
004; Dolton, 2006). The specimens we analyse here were collected
rom grey, clayey, fine-grained sand or sandstone deposits from the
illage of Kávás in 1979 and were originally inventoried as Early
annonian remains. This age, however, seems to be too old in some
espects and this term was traditionally used for the fine-grained
eep-water deposits of Lake Pannon (Pandolfi et al., in press). From
he surface of this area, the occurrence of brackish water deposits
r any deposit of the Lake Pannon are unknown, so we  can rule out
he possibility of the Early Pannonian age for the remains under dis-
ussion. Instead, these remains were obviously recovered from the
uvial succession of the Zagyva Formation (Pandolfi et al., in press).
hese (fluvial or lacustrine) sediments were deposited after the fill-
ng up of the Lake Pannon. Their age is approximately between 7 and

 Ma,  very similar to the Baltavár locality, which is MN12 (Magyar
t al., 2007; Pandolfi et al., in press). It is located near to the Kávás
ocality (ca. 25 km north-eastwards). Magyar et al. (2007) published
he correlations of this area based on magnetic polarity records,
iostratigraphy and seismic stratigraphy. On the basis of the seis-
ic  correlations and its position, the age of the Kávás locality must

e somewhat younger than Baltavár (now Bérbaltavár), because
he Late Miocene layers (horizons) are gently deeping southwards
I. Magyar pers. comm., August, 2014; Pandolfi et al., in press). The
ge of the Kávás locality thus can be estimated as 7.0 (± 0.5) Ma,  cor-
esponding to the latest Tortonian/earliest Messinian (see Pandolfi
t al., in press for details). In addition, several fossiliferous localities,
hich yielded some Late Pannonian large mammals (mainly pro-

oscideans), have been reported from the Zala Subbasin and have
een chronologically referred to MN12 or MN13 (Gasparik, 2001).
Please cite this article in press as: Pandolfi, L., et al., Earliest occurrence
(Late Miocene, Pannonian Basin, Hungary): Palaeobiogeographical and
http://dx.doi.org/10.1016/j.annpal.2015.09.001

Institutional abbreviations: BSPG, Bayerische Staatssammlung
ür Paläontologie und Geologie, Munich, Germany; HNHM,  Hun-
arian Natural History Museum, Budapest, Hungary; IGF,  Museo di
toria Naturale, sezione di Geologia e Paleontologia, Florence, Italy;
ne locality, Pannonian Basin, Hungary.

ne supérieur du bassin Pannonien, Hongrie.

IVPP, Institute of Vertebrate Paleontology and Paleoanthropology,
Chinese Academy of Sciences, Beijing, China; MFGI, Geological
and Geophysical Institute of Hungary, Budapest, Hungary; MfN,
Museum für Naturkunde, Berlin, Germany; MGGC,  Museo di Geolo-
gia Giovanni Capellini, Bologna, Italy; MGPP,  Museo di Geologia
e Paleontologia, Padua, Italy; MNCN,  Museo Nacional de Cien-
cias Naturales, Madrid, Spain; MNHN, Muséum National d’Histoire
Naturelle, Paris, France; MPP, Museo di Paleontologia, Università
di Parma, Parma, Italy; MPPB,  Museo di Palazzo Poggi, Bologna,
Italy; MPUR,  Museo di Paleontologia, Sapienza, Università di Roma,
Rome, Italy; MSNAF, Museo di Storia Naturale, Accademia dei Fisi-
ocritici, Siena, Italy; MSNF,  Museo di Storia Naturale, sezione di
Zoologia, Florence, Italy; NHML,  Natural History Museum, London,
England; NHMW, Naturhistorisches Museum, Wien, Austria; NMB,
Naturhistorisches Museum, Basel, Switzerland.

2. Material and methods

The revised Quaternary time scale (Gibbard et al., 2010) for
chronological references is used in this text; Pliocene boundaries
are placed at 5.4 Ma  and 2.6 Ma.

The specimens from Kávás under consideration belong appar-
ently to the same individual. The main cranial fragment was
without an inventory number, and it was  also not included under
the V.79.117 inventory item in the Inventory Book of the Depart-
ment of Palaeontology and Geology of HNHM. However, based on
its measurements, its morphological characters, its state of preser-
vation and the matrix preserved (light grey sand and sandstone),
it appears very probable that the remains have been collected at
the same time. During the present study, we discovered that the
inventoried fragment of the right maxilla anatomically matched
the uninventoried cranial fragment; hence, we  can establish that
these remains belong indeed to the same individual. This holds for
the whole material, because the teeth show a uniform stage of wear.
Postcranial remains have been also collected from the same locality
but, at present, we cannot confirm if they certainly belong to the
same individual described here (Pandolfi et al., in press).

The studied specimens were morphologically compared with
 of “Dihoplus” megarhinus (Mammalia, Rhinocerotidae) in Europe
 biochronological implications. Annales de Paléontologie (2015),

the rhinoceros material collected in several Late Miocene and
Pliocene localities of Eurasia. The comparisons were based on the
material housed in several Museums and Institutions as well as on
the specimens published by several authors (Appendix A).

dx.doi.org/10.1016/j.annpal.2015.09.001
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Dental terminology and anatomical descriptions follow Guérin
1980) and Antoine (2002), whereas the protocol for measurements
ollows Guérin (1980).

. Systematic palaeontology

Order perissodactyla Owen, 1848
Family rhinocerotidae Gray, 1821
Subfamily rhinocerotinae Gray, 1821
Tribe rhinocerotini Gray, 1821
Genus Dihoplus Brandt, 1878
Type species: Rhinoceros schleiermacheri Kaup, 1832 from the

ate Miocene of Eppelsheim, Germany (Kaup, 1832: tab. X, fig. 1;
iaourtsakis and Heissig, 2004: fig. 1.4).

Amended diagnosis:  After Geraads and Spassov (2009): large
ized two-horned rhinoceros. Nasal septum not ossified. Toothrow
ather caudal, nasal notch above anterior premolars. Cranial basis
hort, post-glenoid apophysis close to the paroccipital process. No
1. Upper premolars primitive, submolariform. Molars with vesti-
ial antecrochet, crista weak or absent, missing on DP3–DP4. Lower
2 present.

Other species: “D”. megarhinus (de Christol, 1834), D. piker-
iensis (Toula, 1906). D. ringstroemi (Arambourg, 1959) is here

onsidered a junior synonym of “D”. megarhinus.
Remarks: The species Rhinoceros megarhinus de Christol (1834)

as frequently included into the genus Dicerorhinus Gloger, 1841
e.g., Guérin, 1980, 1982), typified by the recent species Dicerorhi-
us sumatrensis (Fisher, 1814) (see Groves, 1983). However, the

atter species differs from R. megarhinus in having a significantly
maller size, the posterior border of the nasal notch at the level of
2, the dorsal profile of the skull less concave, the occipital face
blique inclined forward, the external auditory pseudomeatus
pen, the protocone and the hypocone separated on the upper
remolars and the metacone fold well developed on the upper pre-
olars (based on the material observed at MNHN, MSNF, NHML,
MB). The species R. megarhinus was recently referred to the
enus Dihoplus (e.g., Giaourtsakis, 2003; Symeonidis et al., 2006;
acombat and Mörs, 2008) following the hypothesis proposed
y Heissig (1989, 1996, 1999), who recognised an evolutionary

ineage from the Late Miocene D. schleiermacheri to the Early
liocene “D”. megarhinus. Deng et al. (2011) also ascribed the
pecies R. megarhinus to Dihoplus, but in the nine most parsimo-
ious trees obtained by these authors (Deng et al., 2011: fig. S7),
he genus Dihoplus appeared to be paraphyletic, and D. megarhinus
learly did not form a clade with the species D. pikermiensis and
. ringstroemi.  Moreover, the type species of the genus Dihoplus,
. schleiermacheri was not included in the analysis of Deng et al.

2011). The latter species was considered in a preliminary unpub-
ished analysis reported by Pandolfi et al. (2014) and Pandolfi
2015), but it did not form a clade with D. megarhinus, which was
ncluded within the paraphyletic genus Stephanorhinus Kretzoi,
942. An inclusion into the latter genus was proposed by Fortelius
t al. (1993) and Cerdeño (1995). Nevertheless, de Christol’s
pecies does not show the derived morphological characters
escribed as diagnostic for Stephanorhinus (e.g., partially ossified
asal septum or loss of anterior teeth: Pandolfi and Tagliacozzo,
015), whereas the phylogenetic relationships within this genus
re yet to be resolved (Giaourtsakis, 2003; Symeonidis et al., 2006;
acombat and Mörs, 2008; Pandolfi, 2015). Accordingly, we  provi-
ionally retain the species R. megarhinus within the genus Dihoplus.
Please cite this article in press as: Pandolfi, L., et al., Earliest occurrence
(Late Miocene, Pannonian Basin, Hungary): Palaeobiogeographical and
http://dx.doi.org/10.1016/j.annpal.2015.09.001

“Dihoplus”. megarhinus (de Christol, 1834)
Figs. 2, 3A, 4A–B, 5A, Tables 1–4
Selected synonymy:
1924 Dicerorhinus orientalis Ringström p. 5, figs. 1–10, 14–15
 PRESS
ntologie xxx (2015) xxx–xxx 3

1963 Rhinoceros megarhinus Cuscani Politi p. 126, plate I–III
1959 Dicerorhinus orientalis var. Ringströmi Arambourg p. 73
1993 Stephanorhinus megarhinus Fortelius et al. p. 66
1996 “Dicerorhinus”. megarhinus Heissig p. 341
2006 Dihoplus megarhinus Symeonidis et al. p. 441
2006 Dihoplus ringstromi Deng p. 51, fig. 3
2007 Lartetotherium megarhinus Lacombat p. 63
2008 Dihoplus megarhinus Lacombat and Mörs p. 160
2009 Stephanorhinus megarhinus Fukuchi et al. p. 64, figs. 6–12
2011 Dihoplus megarhinus Deng et al. p. 1286
2012 Dihoplus ringstroemi Tong p. 556, figs. 1E, 2E, 3E
2013 Dihoplus megarhinus Guérin and Tsoukala p. 454
Holotype: MNHN AC2683, skull with mandible described and

figured by de Christol (1834: Pl. I, figs 5, 6, 9, 10, 12, 13, 18, 19, 21,
25, 26, 27).

Type locality and horizon: Montpellier (Hérault, France), Early
Pliocene.

Amended diagnosis:  Large sized two-horned rhinoceros char-
acterised by massive skull with thick and long nasal bones. Nasal
septum never ossified. I1 and i2 reduced (vestigial). I2 and i1 absent.
Posterior border of the nasal notch ranges from P3–P4 to P4–M1.
Occipital face vertical. Nuchal crest marked, transversally devel-
oped and with a slightly concave posterior border in dorsal view.
Fully closed external auditory pseudomeatus. Mandible with a rel-
atively long symphysis and long horizontal ramus. Ventral border
of the horizontal ramus rather straight or slightly curved beneath
the molars and curved under the premolars and towards the sym-
physis. Ectoloph profile slightly convex on the upper premolars.
Protocone less developed than the hypocone on P2. Metacone fold
faint on P3 and P4. Lingual cingulum generally absent on the upper
molars. Mesostyle faint on M1  and M2.  Labial and lingual cingula
absent or strongly reduced on the lower teeth.

Remarks: D. ringstroemi (neither ringströmi nor ringstromi:
ICZN (1999), art. 32.5.2) has been recorded from several Late
Miocene (MN12) localities of China and has been usually compared
with other European Miocene two-horned rhinoceroses, such as
D. schleiermacheri and D. pikermiensis. Ringström (1924) originally
described a nearly complete adult cranium, an adult mandible,
several remains of juvenile crania and mandibles, isolated teeth
and some postcranial elements from at least 7 Chinese localities
in the Provinces of Henan and Shanxi to Dicerorhinus orientalis
(Schlosser, 1921), a junior synonym of D. pikermiensis (Toula, 1906),
on the basis of the morphological similarities with the specimens
from Pikermi, Samos and Velles. According to Ringström (1924),
the dimension is the only difference between the Chinese material
and D. orientalis from Greece. Moreover, Ringström (1924) referred
the juvenile upper toothrows from Taraklia and Novo-Elisavetovka
(Late Miocene, Ukraine; Khomenko, 1914; Alexejew, 1916) to D.
orientalis because the morphological and dimensional similarities
with the Chinese material. Aramboug (1959:73) mentioned in a
brief footnote that the Chinese material is morphologically simi-
lar but larger than that from Southeastern Europe; accordingly he
transferred the Chinese specimens to a new taxon named “D. orien-
talis var. Ringströmi nov. var.”. Based on morphological comparison
with specimens collected at Kerassia (Greece), Giaourtsakis et al.
(2006) recognised several common features between D. pikermien-
sis and D. ringstroemi but reported that the mandible published by
Ringström (1924: 12) is “1/3 larger” than the mandibles they have
measured and therefore retained the name D. ringstroemi “for the
Chinese specimens” (Giaourtsakis et al., 2006: 391). Recently Deng
(2006: 51) and Tong (2012: 556) reported the following characters
in the diagnosis of D. ringstroemi: “Larger than D. orientalis; skull is
 of “Dihoplus” megarhinus (Mammalia, Rhinocerotidae) in Europe
 biochronological implications. Annales de Paléontologie (2015),

long”; the infraorbital foramen is wide; “nasal bone is long and wide
and has a domed horn boss”; nasal notch has a U morphology and
its ends is above P3/P4; “anterior border of orbit above M2”; strong
preorbital tubercle and well-developed lacrimal tubercle; “the skull

dx.doi.org/10.1016/j.annpal.2015.09.001
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Fig. 2. “Dihoplus” megarhinus from Kávás. A. Skull HNHM V.79.117-1, dorsal view. B. Skull HNHM V.79.117-1, left side. C. Skull HNHM V.79.117-1, right side. D. Skull
fragment HNHM V.79.117-4, lateral view. E. Left P2-M3 HNHM V.79.117-4, occlusal view. F. M2–M3  HNHM V.79.117-2, occlusal view. G. Right P2–P3 HNHM V.79.117-3,
occlusal view. H.  Left horizontal ramus of mandible HNHM V.79.117-5, lateral view. I. Right p2-m3 HNHM V.79.117-5, occlusal view. L. Right horizontal ramus of mandible
HNHM  V.79.117-6, lateral view. M.  Left p3-m3 HNHM V.79.117-6, occlusal view. Scale bar equals 10 cm for A–E, H–M. Scale bar equals 2 cm for F–G.
« Dihoplus » megarhinus de Kávás. A. Crâne HNHM V.79.117-1, vue dorsale. B. Crâne HNHM V.79.117-1, côté gauche. C. Crâne HNHM V.79.117-1, côté droit. D. Fragment de crâne
HNHM  V.79.117-4, vue latérale. E. P2-M3 gauches HNHM V.79.117-4, vue occlusale. F. M2–M3 droites HNHM V.79.117-2, vue occlusale. G. P2–P3 droites HNHM V.79.117-3, vue
occlusale. H. Fragment de mandibule gauche HNHM V.79.117-5, vue latérale. I. p2-m3 droites HNHM V.79.117-5, vue occlusale. L. Fragment de mandibule droite HNHM V.79.117-6,
vue  latérale. M.  p2-m3 gauches HNHM V.79.117-6, vue occlusale. A–E et H–M, échelles : 10 cm. F–G, échelles : 2 cm.

Table 1
Measurements (in mm)  of the skull of “Dihoplus” megarhinus from Kávás (Hungary), compared with those of “D”. megarhinus from Honan (Late Miocene, China: from
Ringström, 1924), Linxia (Late Miocene, China: estimated on the figures provided by Deng, 2006), and from several Pliocene localities of Western Europe (from Guérin, 1980),
and  with those of C. neumayri (Late Miocene, Southeastern Europe, Turkey and Iran: Geraads, 1988; Antoine and Saraç , 2005; Geraads and Spassov, 2009; Giaourtsakis, 2009;
Antoine et al., 2012), “D”. douariensis (Late Miocene, Africa: from Guérin, 1966; Giaourtsakis et al., 2009), D. schleiermacheri (Late Miocene, Central Europe: Guérin, 1980), D.
pikermiensis (Late Miocene Southeastern Europe: Geraads, 1988; Geraads and Spassov, 2009), S. jeanvireti (Pliocene, Europe: Guérin, 1980; Guérin and Tsoukala, 2013), and
S.  etruscus (Plio–Pleistocene, Europe: Guérin, 1980). L = length; TD = transverse diameter; H = height; f.m. = foramen magnum.
Dimensions (mm) des crânes de « Dihoplus » megarhinus de Kávás (Hongrie), de Honan (Miocène supérieur, Chine : d’après Ringström, 1924), de Linxia (Miocène supérieur, Chine :
estimé  d’après Deng, 2006), et du Pliocène d’Europe occidentale (d’après Guérin, 1980), et des crânes de C. neumayri (Miocène supérieur, Sud–Est d’Europe, Turquie et Iran : d’après
Geraads, 1988 ; Antoine et Saraç , 2005 ; Geraads et Spassov, 2009 ; Giaourtsakis, 2009 ; Antoine et al., 2012), « D ». douariensis (Miocène Supérieur, Afrique : d’après Guérin,
1966  ; Giaourtsakis et al., 2009), D. schleiermacheri (Miocène Supérieur, Europe centrale : d’après Guérin, 1980), D. pikermiensis (Miocène supérieur, Sud–Est d’Europe : d’après
Geraads, 1988 ; Geraads et Spassov, 2009), S. jeanvireti (Pliocène, Europe : d’après Guérin, 1980 ; Guérin et Tsoukala, 2013), et S. etruscus (Plio–Pleistocène, Europe : d’après
Guérin, 1980). L = longueur ; TD = diamètre transversal ; H = hauteur ; f.m. = foramen magnum.

Measurement Kávás
(HNHM
v.79.117)

Western
Europe

Honan Linxia C. neumayri “D”. douariensis D. schleiermacheri D. pikermiensis S. jeanvireti S. etruscus

L nuchal crest–tip of the nasal
bones

700–787.5 745 (715) 680–705 ca. 680 654–667 615–660 637–727 530–648

TD  nuchal crest ca. 211 165–200 188 (174) ca. 190–235 ca. 208 144–175 ca. 150–215 110–188 101–174
Distance between the

frontoparietal crests
(70) 43.5–69 (57) 53–61 68–78 0 48–73.5 34–60.5

H  of the occipital face (from the
bottom f.m.)

220 220

H  of the occipital face (from the
top f.m.)

(170) 167–190 143–ca. 160 145–182 142–155 133–157 117–153

TD  at the level of the processus
postorbitalis

226–262 236 (230) 262 200 224.5–229 162–200

dx.doi.org/10.1016/j.annpal.2015.09.001


Please
 cite

 th
is

 article
 in

 p
ress

 as:
 Pan

d
olfi

,
 L.,

 et
 al.,

 Earliest
 occu

rren
ce

 of
 “D

ihoplus”
 m

egarhinus
 (M

am
m

alia,
 R

h
in

ocerotid
ae)

 in
 Eu

rop
e

(Late
 M

iocen
e,

 Pan
n

on
ian

 B
asin

,
 H

u
n

gary):
 Palaeobiogeograp

h
ical

 an
d

 bioch
ron

ological
 im

p
lication

s.
 A

n
n

ales
 d

e
 Paléon

tologie
 (2015),

h
ttp

://d
x.d

oi.org/10.1016/j.an
n

p
al.2015.09.001

A
R

T
IC

L
E

 IN
 P

R
E

S
S

G
 M

odel
A

N
N

PA
L-2254;

 
N

o.
 of

 Pages
 15

L.
 Pandolfi

 et
 al.

 /
 A

nnales
 de

 Paléontologie
 xxx

 (2015)
 xxx–xxx

 
5

Table 2
Measurements (in mm)  of the upper teeth of “Dihoplus” megarhinus from Kávás (Hungary), compared with those of “D”. megarhinus from Lens Lestang (Pliocene, France), Baccinello V3  (latest Miocene, Italy), Udunga (latest
Pliocene, Russia: from Fukuchi et al., 2009), Honan (Late Miocene, China: from Ringström, 1924), Linxia (Late Miocene, China: from Deng, 2006), and from several Pliocene localities of Western Europe (from Guérin, 1980), and
with  those of C. neumayri (Late Miocene, Southeastern Europe, Turkey and Iran: Geraads, 1988; Antoine and Saraç , 2005; Geraads and Spassov, 2009; Giaourtsakis, 2009; Antoine et al., 2012), “D”. douariensis (Late Miocene,
Africa:  from Guérin, 1966; Giaourtsakis et al., 2009), D. schleiermacheri (Late Miocene, Central Europe: Guérin, 1980), D. pikermiensis (Late Miocene Southeastern Europe: Geraads, 1988; Geraads and Spassov, 2009), S. jeanvireti
(Pliocene, Europe: Guérin, 1980; Guérin and Tsoukala, 2013), and S. truscus (Plio–Pleistocene, Europe: Guérin, 1980). L = length; L × B = length and breadth.
Dimensions (mm) des dents jugales supérieures de « Dihoplus » megarhinus de Kávás (Hongrie), de Lens Lestang (Pliocène, France), de Baccinello V3 (Miocène supérieur terminal, Italy), d’Udunga (Pliocène supérieur terminal, Russie
:  d’après Fukuchi et al., 2009), de Honan (Miocène supérieur, Chine : d’après Ringström, 1924), de Linxia (Miocène supérieur, Chine : d’après Deng, 2006) et du Pliocène d’Europe occidentale (d’après Guérin, 1980), et des dents jugales
supérieures de C. neumayri (Miocène supérieur, Sud–Est d’Europe, Turquie et Iran : d’après Geraads, 1988 ; Antoine et Saraç , 2005 ; Geraads et Spassov, 2009 ; Giaourtsakis, 2009 ; Antoine et al., 2012), « D ». douariensis (Miocène
supérieur,  Afrique : d’après Guérin, 1966 ; Giaourtsakis et al., 2009), D. schleiermacheri (Miocène supérieur, Europe centrale : d’après Guérin, 1980), D. pikermiensis (Miocène Supérieur, Sud–Est d’Europe : d’après Geraads, 1988 ;
Geraads et Spassov, 2009), S. jeanvireti (Pliocène, Europe : d’après Guérin, 1980 ; Guérin et Tsoukala, 2013), et S. etruscus (Plio–Pleistocène, Europe : d’après Guérin, 1980). L = longueur ; L × B = diamètre transversal et largeur.

Measurement  Kávás  (HNHM
v.79.117)

Lens  Lestang
(NHML
M40834)

Baccinello  V3
(NMB  nn)

Western
Europe

Udunga  Honan  Linxia  C.  neumayri  “D”. douariensis  D.  schleiermacheri  D.  pikermiensis  S. jeanvireti  S. etruscus

L P2–M3  (280)  264.74  (257)  255–274  (270)  247–274  264–284  267  240–272  248–253.5  215–245
L P2–P4  130  118.09  (115)  105.5–128  (101)  117–132  134.8–136.1  131  111–123  114–117  100–137
L M1–M3  (155)  156.1 (149)  142–162.5  (168)  134–161  156.8  148  134–153  120–149  126.5–145
P2 L × B 39.4–41.1  ×  48.2–49  35–40  × 40–46  36.1–41  × 41.8–44  30–38.5  ×  38–47.6  32–39  ×  33.5–43  31–37  × 35–41  29–35  ×  32–42.5
P3 L × B 46.9–47.3  ×  57–57.25  39.5–48  ×  48–59  43.6 × 42.5  43.6–50  ×  53.6–58  42–(45.7)x56.5–(62.3)  36.5–45  ×  46–56.5  40–43  ×  45–53.5  35–43.5  ×  42–54
P4 L × B 50.75  ×  65 43–51  ×  53–67  47–47.8  ×  45.1–46.1  48–50.2  ×  59–63  43–47.8  ×  62.5–72.2  43–50  ×  53–64  40.5–46.5  ×  46–58.5  37–49  ×  45–63
M1 L ×  B  49–64  ×  55.5–70  49.1–53.7  ×  48.4–50.1  64  ×  66 52.5–58  × 61–63.4  52–58.8  ×  63–70  47.5–61.5  ×  54.5.70.5  48.5–56  ×  50–58  45–54  ×  48–60.5
M2 L ×  B  64  ×  74 53.5–65.5  ×  59.5–73  54–59.3  ×  47.7–61.2  62  ×  63 59–63  × 64–67.3  53–61  ×  67–71  52–61.5  ×  60–72  51–56  × 51.5–63.5  45.5–57  ×  48–65.5
M3 L ×  B  64.8  ×  65.95  57–65.5  ×  56–66  66  ×  64 50–66.9  × 57.6–61.2  50–63.4  ×  59–64  52–61  ×  44–58  53–61.5  ×  46–59  47–59  ×  46–56.5
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Fig. 3. Skulls of selected Rhinocerotini, lateral view. A. Re-assembled skull of “Dihoplus” megarhinus from Kávás, Hungary (HNHMV.79.117-1 and 2). B. Skull of Ceratotherium
neumayri from Maragheh, Iran (NHMW 2014/0424/0001 ex mar0381). C. Skull of “Diceros” douariensis from Kuseralee, Ethiopia (re-drawn from Giaourtsakis et al., 2009).
D.  Skull of Dihoplus schleiermacheri from Eppelsheim, Germany (cast NHML M2781). E. Skull of Dihoplus pikermiensis from Pikermi, Greece (NHML  M10143). F. Skull of
Stephanorhinus jeanvireti from Vialette, France (NMB Vt621). G. Skull of Stephanorhinus etruscus from Upper Valdarno, Italy (IGF 756). H. Skull of “Dihoplus” megarhinus from
Lens  Lestang, France (cast NMB  Fp16). Scale bar equals 10 cm.
Crânes de quelques Rhinocerotini, vue latérale. A. Crâne restauré de « Dihoplus » megarhinus de Kávás, Hongrie (HNHMV.79.117-1, 2). B. Crâne de Ceratotherium neumayri
de  Maragheh, Iran (NHMW 2014/0424/0001 ex mar0381). C. Crâne de « Diceros » douariensis de Kuseralee, Éthiopie (re-dessiner d’après Giaourtsakis et al., 2009). D. Crâne de
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ihoplus schleiermacheri d’Eppelsheim, Allemagne (moulage NHML M2781). E. Crâne
eanvireti de Vialette, France (NMB Vt621). G. Crâne de Stephanorhinus etruscus de 

rance  (moulage NMB Fp16). Échelles : 10 cm.

oof is concave, but the occiput is not too raised”; “frontal horn boss
mall”; “parietal crests are broadly separated”; “subaural channel
losed”; “the occipital surface is inclined anteriorly, and the occip-
tal crest bears a wide notch at the midline”; “I2 and i1 absent, I1
nd i2 reduced”; “P1 lost”; “in the upper premolars, the protocone
s not constricted, the antecrochet is absent, the crochet is narrow,
he parastyle is weak, and the paracone rib is weak or absent”; “pro-
ocone is not constricted, the parastyle is wide and projected, the
ntecrochet is wide and short, and the crochet is well developed”;
Please cite this article in press as: Pandolfi, L., et al., Earliest occurrence
(Late Miocene, Pannonian Basin, Hungary): Palaeobiogeographical and
http://dx.doi.org/10.1016/j.annpal.2015.09.001

1 and M2  “have a marked paracone rib, and M3  has a triangular
cclusal surface”.

However, the above mentioned characters can be observed on
everal specimens referred to “D”. megarhinus and collected at
hoplus pikermiensis de Pikermi, Grèce (NHML M10143). F. Crâne de Stephanorhinus
no supérieur, Italie (IGF 756). H. Crâne de « Dihoplus » megarhinus de Lens Lestang,

Montpellier (France; type locality), Lens Lestang (France), Saint-
Laurens (France) and other Italian localities (see comparison
section). The skulls from Montpellier and Lens Lestang, described
and compared in the following chapter, are larger and longer than
those referred to as D. pikermiensis (Guérin, 1980: 450, tab. 84;
Geraads, 1988: 17, tab. 1). The nasal bones of “D”. megarhinus are
long and very similar in morphology to those of D. ringstroemi
(Ringström, 1924: figs. 1–2; Guérin, 1980: Pl. 10; Deng, 2006: fig. 3).
The nasal notch in “D”.  megarhinus has a U-shaped morphology in
 of “Dihoplus” megarhinus (Mammalia, Rhinocerotidae) in Europe
 biochronological implications. Annales de Paléontologie (2015),

lateral view and its posterior border is at the level of P3–P4, as well
as in the figured skulls of D. ringstroemi (Ringström, 1924: figs 1–2;
Guérin, 1980: Pl. 10; Deng, 2006: fig. 3). The anterior border of the
orbital cavity is at the same level in both species. The dorsal profile

dx.doi.org/10.1016/j.annpal.2015.09.001
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Fig. 4. Upper teeth of selected Rhinocerotini, occlusal view. A. M2–M3  of “Dihoplus” megarhinus from Kávás, Hungary (HNHMV.79.117-2). B. P2–P3 of “Dihoplus” megarhinus
from  Kávás, Hungary (HNHMV.79.117-3). C, P2–M3 of Ceratotherium neumayri from Maragheh, Iran (NHMW 2014/0424/0001 ex mar0381). D. DP1–M3 of “Diceros” douariensis
from  Douaria, Tunisia (re-drawn from Guérin, 1966). E. DP1–M3 of Dihoplus schleiermacheri from Eppelsheim, Germany (cast NHML M2781). F. P2–P3 of Dihoplus pikermiensis
from  Pikermi, Greece (NHML M10142). G. P2–M3 of Dihoplus pikermiensis from Pikermi, Greece (NHML M10144). H.  M3  of Stephanorhinus jeanvireti from Vialette, France
(NMB  Vt145). I. M2  of Stephanorhinus jeanvireti from Vialette, France (NMB Vt209). L. M2 of Stephanorhinus jeanvireti from Rákoscsaba, Hungary (HNHM v.79.112). M.  P2–M3
of  Stephanorhinus etruscus from Capitone, Italy (MPUR 1500). N.  P2–M3 of “Dihoplus” megarhinus from Lens Lestang, France (cast NHML 40834). Scale bar equals 2 cm.  c = crista;
cr  = crochet; ep = ectoloph; hy = hypocone; mc  = mesial cingulum; ml  = metaloph; pf = paracone fold; pfo = post-fossette; pl = protoloph; pr = protocone; pr + hy = protocone and
hypocone joined.
Jugales supérieur de Rhinocerotidae, vue occlusale. A. M2–M3 de « Dihoplus » megarhinus de Kávás, Hongrie (HNHMV.79.117-2) B. P2–P3 de « Dihoplus » megarhinus de Kávás,
Hongrie (HNHMV.79.117-3). C. P2–M3 de Ceratotherium neumayri de Maragheh, Iran (NHMW 2014/0424/0001 ex mar0381). D. DP1–M3 de « Diceros » douariensis de Douaria,
Tunisie  (re-dessiner d’après Guérin, 1966). E. DP1–M3 de Dihoplus schleiermacheri de Eppelsheim, Allemagne (moulage NHML M2781). F. P2–P3 de Dihoplus pikermiensis de
Pikermi,  Grèce (NHML M10142). G. P2–M3 de Dihoplus pikermiensis de Pikermi, Grèce (NHML M10144). H. M3 de Stephanorhinus jeanvireti de Vialette, France (NMB Vt145). I. M2
de  Stephanorhinus jeanvireti de Vialette, France (NMB Vt209). L. M2 de Stephanorhinus jeanvireti de Rákoscsaba, Hongrie (HNHM v.79.112). M.  P2–M3 de Stephanorhinus etruscus
de  Capitone, Italie (MPUR 1500). N, P2–M3 de « Dihoplus » megarhinus de Lens Lestang, France (moulage NHML 40834). Échelles : 2 cm.  c = crista ; cr = crochet ; ep = ectolophe ;
hy  = hypocône ; mc = cingulum antérieur ; ml = metalophe ; pf = pli du paracône ; pfo = post-fossette ; pl = protolophe ; pr = protocône ; pr + hy = protocône et hypocône reliés.

Table 3
Measurements (in mm)  of the mandible of “Dihoplus” megarhinus from Kávás (Hungary), compared with those of “D”. megarhinus from Val di Pugna and Palaia (Early Pliocene,
Italy:  from Pandolfi, 2013), Montpellier (Early Pliocene, France), Honan (Late Miocene, China: from Ringström, 1924) and from several Pliocene localities of Western Europe
(from  Guérin, 1980), and with those of C. neumayri (Late Miocene, Southeastern Europe, Turkey and Iran: Geraads, 1988; Antoine and Saraç , 2005; Geraads and Spassov,
2009;  Giaourtsakis, 2009; Antoine et al., 2012), “D”. douariensis (Late Miocene, Africa: from Guérin, 1966; Giaourtsakis et al., 2009), D. schleiermacheri (Late Miocene, Central
Europe: Guérin, 1980; Giaourtsakis et al., 2006), D. pikermiensis (Late Miocene Southeastern Europe: Geraads, 1988; Giaourtsakis et al., 2006; Geraads and Spassov, 2009), S.
jeanvireti (Pliocene, Europe: Guérin, 1980; Guérin and Tsoukala, 2013), and S. etruscus (Plio–Pleistocene, Europe: Guérin, 1980). L = length; H = height.
Dimensions (mm) des mandibules de « Dihoplus » megarhinus de Kávás (Hongrie), de Val di Pugna et Palaia (Pliocène inférieur, Italie : d’après Pandolfi, 2013), de Montpellier
(Pliocène inférieur, France), de Honan (Miocène supérieur, Chine : d’après Ringström, 1924) et du Pliocène d’Europe occidentale (d’après Guérin, 1980), et des mandibules de C.
neumayri (Miocène supérieur, Sud–Est d’Europe, Turquie et Iran : d’après Geraads, 1988 ; Antoine et Saraç , 2005 ; Geraads et Spassov, 2009 ; Giaourtsakis, 2009 ; Antoine et al.,
2012), « D ». douariensis (Miocène supérieur, Afrique : d’après Guérin, 1966), D. schleiermacheri (Miocène supérieur, Europe centrale : d’après Guérin, 1980 ; Giaourtsakis et al.,
2006), D. pikermiensis (Miocène supérieur, Sud–Est d’Europe : d’après Geraads, 1988 ; Giaourtsakis et al., 2006 ; Geraads et Spassov, 2009), S. jeanvireti (Pliocène, Europe : d’après
Guérin, 1980 ; Guérin et Tsoukala, 2013), et S. etruscus (Plio–Pleistocène, Europe : d’après Guérin, 1980). L = longueur ; H = hauteur.

Masurement Kávás
(HNHM
v.79.117)

Val di
Pugna,
Palaia

Montpellier
(NHML
M40805 and
NMB  MP1)

Western
Europe

Honan C. neumayri “D”. douariensis D. schleiermacheri D. pikermiensis S. jeanvireti S. etruscus

L horizontal
ramus

> 535 515–606 (558)a (510)–550 503 520–610.9 532–630 497–535 430–509

H  below m3  118–120 96.5–105 115.5 87–127 115 85–108 89–90 89.5–110 101.4–107.6 90–105 79–105
L  symphysis 133.38 101–149 132 121–143 97 142.2–144 123.8–151 114–133 92–123

a The value of 635 mm for the length of the mandible reported by Ringström (1924) is questionable. If the height of the horizontal ramus is of 115 mm  below m3,
proportionally, the length of the mandible seems to be approximately of 558 mm.

dx.doi.org/10.1016/j.annpal.2015.09.001
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Table 4
Measurements (in mm)  of lower teeth of “Dihoplus” megarhinus from Kávás (Hungary), compared with those of “D”. megarhinus from Val di Pugna and Palaia (Early Pliocene, Italy: from Pandolfi, 2013), Montpellier (Early Pliocene,
France),  Udunga (latest Pliocene, Russia: from Fukuchi et al., 2009), Honan (Late Miocene, China: from Ringström, 1924), and from several Pliocene localities of Western Europe (from Guérin, 1980), and with those of C. neumayri
(Late  Miocene, Southeastern Europe, Turkey and Iran: Geraads, 1988; Antoine and Saraç , 2005; Geraads and Spassov, 2009; Giaourtsakis, 2009; Antoine et al., 2012), “D”. douariensis (Late Miocene, Africa: from Guérin, 1966;
Giaourtsakis et al., 2009), D. schleiermacheri (Late Miocene, Central Europe: Guérin, 1980; Giaourtsakis et al., 2006), D. pikermiensis (Late Miocene Southeastern Europe: Geraads, 1988; Giaourtsakis et al., 2006; Geraads and
Spassov,  2009), S. jeanvireti (Pliocene, Europe: Guérin, 1980; Guérin and Tsoukala, 2013), and S. etruscus (Plio–Pleistocene, Europe: Guérin, 1980). L = length; L × B = length and breadth.
Dimensions (mm) des jugales inférieur de « Dihoplus » megarhinus de Kávás (Hongrie), de Val di Pugna et Palaia (Pliocène inférieur, Italie : d’après Pandolfi, 2013), de Montpellier (Pliocène inférieur, France), d’Udunga (Pliocène supérieur
terminal,  Russie : d’après Fukuchi et al., 2009), de Honan (Miocène supérieur, Chine : d’après Ringström, 1924) et du Pliocène d’Europe occidentale (d’après Guérin, 1980), et des jugales inférieur de C. neumayri (Miocène supérieur, Sud–Est
d’Europe,  Turquie et Iran : d’après Geraads, 1988 ; Antoine et Saraç ,  2005 ; Geraads et Spassov, 2009 ; Giaourtsakis, 2009 ; Antoine et al., 2012), « D ». douariensis (Miocène supérieur, Afrique : d’après Guérin, 1966), D. schleiermacheri
(Miocène  supérieur, Europe centrale : d’après Guérin, 1980 ; Giaourtsakis et al., 2006), D. pikermiensis (Miocène supérieur, Sud–Est d’Europe : d’après Geraads, 1988 ; Giaourtsakis et al., 2006 ;  Geraads et Spassov, 2009), S. jeanvireti
(Pliocène,  Europe : d’après Guérin, 1980 ; Guérin et Tsoukala, 2013), et S. etruscus (Plio–Pleistocène, Europe : d’après Guérin, 1980). L = longueur ;  LxB = diamètre transversal et largeur.

Measurement  Kávás  (HNHM
v.79.117)

Val di  Pugna
and Palaia

Montpellier
(NHML
M40805)

Montpellier
(NMB
MP1031)

Western
Europe

Udunga  Honan  C.  neumayri  “D”.  douariensis  D.  schleiermacheri  D.  pikermiensis  S.  jeanvireti  S.  etruscus

L  p2–m3  (288)  ca.  244.65–254.81  272.31  (261.53)  228–293  247–278  265  247.5–310.1  ca.  252–270.5  234–246  210–251.1
L p2–p4  125.2  106.63  118.14  (116)  101–136  102–119  102.5–129  107–116.8  97–106.5  87–108
L m1–m3 (158)  ca.  139–144.97  158.09  151.8  134–165  144.2–158.9  139–177  135.8–156  127–140  121–143
p2 L  ×  B 33.4 ×  21.8 28.6–31.88  ×  17.92–19.05 29.5–43  ×  16.5–25 29.7–30  ×  14.1–18.1 32  ×  26 30.7–32  ×  16.7–22.3  26  ×  16–18.5  26–37  ×  18.5–26  33.2  ×  22.9  27–32  ×  16.5–21  25–33  ×  16–22
p3 L  ×  B  41.55  ×  30.7  37.6–40.05  ×  24.6–25.83  35–44  ×  22–31.5  38  ×  34  34–43  ×  28.2–29.3  34.5–35.5  ×  33–36  34.5–41.5  ×  26–30  37.3–37.5  ×  24.2–29.5  33–38  ×  23–34  31.5–37.5  ×  21.5–29
p4 L  ×  B  44.7–44.95  ×  35–35  39.41–42.52  ×  28.7–30.51  37.5–48  ×  27.5–38  39.7  ×  26.1  46  ×  39  40.6–49  ×  30.8–33.1  40–43  ×  28.5–38  38–48  ×  27–34.5  38.2–44.3  ×  28.5–33.5  37–40.5  ×  24–31  35–42.5  ×  22–31
m1 L  ×  B  50.4–53.6  ×  38.45  44.22–48.85xca.  29.6–32.2  38.5–53  ×  29–40  40.8–40.9  ×  28  44  ×  42  (43)–52  ×  31.2–34  48.5–49  ×  28.5–30.5  43–55.5  ×  30.5–38.5  43.2–46.5  ×  29.8–37.2  40–47  ×  25–34  36–50  ×  26.5–33
m2 L  ×  B  58  ×  36.1  49–52.24  ×  30.61–32.73  43–57.5  ×  31–39  51.9–52  ×  32.5–33.1  52  ×  43  49.8–56  ×  32–37.8  51.5–55.5  ×  29–35.5  47.5–58.5  ×  31–40  47.9–52.3  ×  34.3–35.5  43–53.5  ×  27–34.5  40–54  ×  27–34
m3 L  ×  B  58  ×  34 49.12  ×  35  48–62  ×  29.5–37  52–54.9  ×  31.4–31.6  ca.  58  ×  40  52–56.2  ×  29–33.8  53–54  ×  27–27.5  46–55  ×  29–36.5  44.3–51.3  ×  31.4–34.2  43.5–54  ×  26–33  41–52  ×  26–33
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Fig. 5. Mandibles of Rhinocerotidae, lateral view. A. Re-assembled mandible of “Dihoplus” megarhinus from Kávás, Hungary (HNHMV.79.117-5). B. Mandible of Ceratotherium
neumayri from Maragheh, Iran (NHMW 2014/0424/0001 ex mar0381). C. Mandible of Dihoplus schleiermacheri from Eppelsheim, Germany (NHML M375); D. Mandible of
Dihoplus pikermiensis from Pikermi, Greece (NHML M10150). E. Mandible of Stephanorhinus jeanvireti from Monte San Pietro, Italy (MGGC 9354). F. Mandible of Stephanorhinus
etruscus from Upper Valdarno, Italy (IGF 755). G. Mandible of “Dihoplus”  megarhinus from Montpellier, France (NMB Mp1031). H. Mandible of “Dihoplus” megarhinus from
Palaia,  Italy (IGF 5566v). Scale bar equals 10 cm.
Mandibules de Rhinocerotidae, vue latérale. A. Restauré mandibule de « Dihoplus” megarhinus de Kávás, Hongrie (HNHMV.79.117-5). B. Mandibule de Ceratotherium neumayri de
Maragheh, Iran (NHMW 2014/0424/0001 ex mar0381). C. Mandibule de Dihoplus schleiermacheri de Eppelsheim, Allemagne (NHML M375). D. Mandibule de Dihoplus pikermiensis
d nte Sa
s r, Fran
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1

e  Pikermi, Grèce (NHML M10150). E. Mandibule de Stephanorhinus jeanvireti de Mo
upérieur, Italie (IGF 755). G. Mandibule de « Dihoplus » megarhinus de Montpellie
566v).  Échelles : 10 cm.

f the skull and the morphology of the occiput are also very similar
n “D”. megarhinus and D. ringstroemi,  but in the specimen from
ávás, the occiput is slightly more raised than in D. ringstroemi. In
ddition, “D”. megarhinus and D. ringstroemi share the following
haracters: distant frontoparietal crests, fully closed external audi-
ory pseudomeatus, concave profile of the nuchal crest (= “grande
rête occipitale” or “chignon” in Guérin, 1980 and “protubérance
ccipitale externe” in Antoine, 2002) in dorsal view, absence of I2
nd i1, reduced i2. The presence of a reduced I1 in “D”. megarhi-
us has been never reported in previous contributions probably
Please cite this article in press as: Pandolfi, L., et al., Earliest occurrence
(Late Miocene, Pannonian Basin, Hungary): Palaeobiogeographical and
http://dx.doi.org/10.1016/j.annpal.2015.09.001

ecause a preserved praemaxilla is known only on the skull from
ontpellier (Gervais, 1851: Pl. 2). The praemaxilla is absent on the

kulls from Millas (Maurette, 1910: Pl. 1), Lens Lestang (Falconer,
868; this work) and Saint-Laurent (Guérin et al., 1969: figs. 1–2).
n Pietro, Italie (MGGC 9354). F. Mandibule de Stephanorhinus etruscus de Valdarno
ce (NMB Mp1031). H.  Mandibule de « Dihoplus » megarhinus de Palaia, Italie (IGF

According to Falconer (1868: 382), the praemaxilla was present
on the skull from Monte Zago, but unfortunately this specimen
was destroyed during the World War  II and no morphological
characters can be currently observed. Moreover, the presence of
reduced upper incisors cannot be observed from the pictures of
the same skull reported by Cuvier (1836: Pl. 47, fig. 6). During a
visit to the NMB  collection, one of the authors (LP) recovered an
unpublished maxilla and praemaxilla referable to “D”. megarhinus.
The specimen (without collection number) was collected at Bac-
cinello V3, latest Miocene in age (MN13; Rook et al., 2011). The
 of “Dihoplus” megarhinus (Mammalia, Rhinocerotidae) in Europe
 biochronological implications. Annales de Paléontologie (2015),

upper teeth are morphologically very similar to those from Kávás
and Lens Lestang as well as to several remain from Montpellier;
therefore, the Baccinello specimen can be surely ascribed to “D”.
megarhinus. Fortunately, the specimen preserved the right side of

dx.doi.org/10.1016/j.annpal.2015.09.001
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he praemaxillae with a small and rounded I1, very similar to that
bserved in D. pikermiensis.

Moreover, the characters described for the upper teeth of D.
ingstroemi (e.g., absence of P1, of a protocone constriction and of
n antecrochet on the premolars, paracone fold weak on upper pre-
olars, marked paracone fold on upper molars, small crista on M3)

re also known and observed in the specimens of “D”.  megarhinus
reviously discussed (see also Guérin, 1980). In terms of dimen-
ions, the Chinese material is similar to that collected from several
uropean localities (Tables 1–4).

Based on these evidences, D. ringstroemi is here considered as
unior synonym of “D”. megarhinus.

Studied material: HNHM V.79.117, including a fragmentary
kull and three fragments of maxillae (belonging to one right and
ne left maxilla).

. Description and comparison

.1. Skull

Description: In dorsal view, the cranial fragment HNHM
.79.117-1 displays a well-developed boss of the frontal horn, dis-

ant frontoparietal crests and a concave posterior border of the
uchal crest (Fig. 2A). In lateral view, the dorsal profile of the skull

s concave, the boss of the frontal horn is evident, the external
uditory pseudomeatus is fully closed, the area between the tem-
oral and nuchal crest is depressed and the occipital face is vertical
Fig. 2B–C). In occipital face view, the nuchal crest is well devel-
ped and its dorsal profile is straight. A fragment of skull with a
mall portion of the orbital cavity and the M2–M3  (HNHMV.79.117-

 which is a fragment of the skull HNHM V.79.117-1) suggests that
he anterior border of the orbit was located at the level of the ante-
ior half of M2.  On the specimen HNHM V.79.117-3, the posterior
order of the nasal notch is at the level of P3–P4 (Fig. 2D).

Comparison: Compared to HNHM V.79.117, the skulls of Cera-
otherium neumayri (Osborn, 1900) display a rather straight dorsal
rofile, a forked nuchal crest, an inclined backward occipital face
nd the posterior border of the nasal notch between P2 and P3
Fig. 3B; Appendix A). Contrary to the studied material, “Diceros”
ouariensis Guérin, 1966 has an open external auditory pseudomea-
us (Giaourtsakis et al., 2009), the insertion for the frontal horn is
ess developed, and the occipital face is lower (Fig. 3C; Giaourtsakis
t al., 2009: fig. 14.1). The studied material differs from D. schleier-
acheri in that the frontoparietal crests are very close, the posterior

order of the nuchal crest is straight and transversally less devel-
ped, the posterior border of the nasal notch is at the level of P2, and
he external auditory pseudomeatus is partially closed (Fig. 3D). The
orsal profile of the skull is more concave in the specimen NHML
49660 ascribed to D. pikermiensis (Geraads, 1988; Giaourtsakis

t al., 2006). Nevertheless, this feature could be amplified by a lat-
ral deformation of the skull. Other specimens collected at Pikermi
nd housed at NHML do not display such a markedly concave pro-
le of the skull (Fig. 3E). In this species, the posterior border of the
asal notch terminates generally at the level of P2–P3 (Fig. 3E), the

nsertion for the frontal horn is less developed and the frontopari-
tal crests are relatively closer (exception made for the specimen
HMW 2009z-0085-0001 which is dorso-ventrally compressed).
he studied specimens differ from the Pliocene S. jeanvireti (Guérin,
972), which displays a less transversally developed nuchal crest
nd a less concave dorsal profile of the skull (Fig. 3F). The skulls
f the latest Pliocene–Early Pleistocene S. etruscus (Falconer, 1868)
Please cite this article in press as: Pandolfi, L., et al., Earliest occurrence
(Late Miocene, Pannonian Basin, Hungary): Palaeobiogeographical and
http://dx.doi.org/10.1016/j.annpal.2015.09.001

re smaller and less massive than the specimen collected at Kávás;
oreover in S. etruscus, the dorsal profile of the skull is straight

Fig. 3G) and the occipital face is less developed transversally.
he specimens HNHM V.79.117 are morphologically and metrically
 PRESS
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close to those of the Pliocene European “D”. megarhinus (de Christol,
1834; Falconer, 1868; Capellini, 1894; Simonelli, 1897; Guérin et al.,
1969; Guérin, 1980; Pandolfi, 2013: (tab. 1)). In the skull from Lens
Lestang (cast housed at NHML and NMB; Falconer, 1868; Fig. 3H),
as well as in the studied specimen, the dorsal profile is concave
and the occipital face is vertical, the external auditory pseudomea-
tus is fully closed, the anterior border of the orbital cavity is at
the level of M2,  the posterior border of the nasal notch is at the
level of P4, the frontoparietal crests are distant despite the defor-
mation of the skull and the posterior border of the nuchal crest is
concave (Fig. 3H). Nevertheless, in the skull from Lens Lestang the
occipital face appears less elevated than in the studied specimen
(Fig. 3H). The skull from Kávás is morphologically similar to that
from Saint-Laurent (Guérin et al., 1969: 83, fig. 1, 85, fig. 4, 93, fig.
6). In the latter specimen, the dorsal profile of the skull is more con-
cave, the occipital face is vertical and elevated, the nuchal crest is
transversally developed, the frontoparietal crests are distant, and
the insertion for the frontal horn is wide and marked. The skull of
“D”. megarhinus from Montpellier (Guérin, 1980) is similar to those
from Lens Lestang and Kávás. The skull HNHM V.79.117 shares the
following characters with “D”. megarhinus from China: the dorsal
profile of the skull is relatively concave, the posterior border of the
nasal notch is at the level of P3–P4, the anterior border of the orbital
cavity is at the level of M2,  the external auditory pseudomeatus is
fully closed, the occipital face is vertical, the frontoparietal crests
are distant, the posterior border of the nuchal crest is concave.
Nevertheless, on the studied material, the occipital face is slightly
more elevated and transversally expanded, and the insertion of the
frontal horn is much wider.

4.2. Upper teeth

Description: The specimen HNHM V.79.117-4 retains almost
the complete upper toothrow, however the last two  molars are
poorly preserved, the specimen HNHM V.79.117-3 is composed
by P2 and P3 while HNHM V.79.117-2 by M2  and M3  (Fig. 2E–G).
Labial and lingual cingula are absent on both premolars and molars
whereas mesial and distal cingula are evident on the molars. The
P2 HNHM V.79.117-4 is at the same stage of wear as in specimen
HNHM V.79.117-3 (Fig. 2E, G); the occlusal profile of the ectoloph is
slightly convex, the paracone fold is faint, the parastyle is large and
short, a medifossette is present on HNHM V.79.117-4 and a crista
on HNHM V.79.117-3, the post-fossette is circular, the hypocone
is more developed than the protocone, the metaloph is slightly
oblique, the protoloph is joined with the ectoloph by a narrow
“bridge” on HNHM V.79.117-4 and is not joined with the ectoloph
on HNHM V.79.117-3. At this stage of wear, the protocone and
hypocone on P2 and P3 are lingually joined (Fig. 2E, G). The pro-
file of the ectoloph on P3 is rather straight, the paracone fold is
weak and the parastyle is short; a small crochet is present only
on HNHM V.79.117-3 (Fig. 2G), the post-fossette is circular and
the metaloph is slightly oblique (Fig. 2). The P4 HNHM V.79.117-
4 is morphologically similar to P3 but the metacone fold is faint,
and the protocone is joined with the hypocone by a lingual bridge.
The protocone constriction is weak on the molars (Fig. 2E–F). The
M1 HNHM V.79.117-4 is much worn down and lacks the ectoloph.
A hint of the crochet is still detectable; the post-fossette is small
and the metaloph is constricted. M2  is much damaged on HNHM
V.79.117-4 and only a portion of the protoloph is preserved. The M3
is represented only by the roots on the specimen HNHM V.79.117-
4. In the specimen HNHM V.79.117-2, M2  and M3  are relatively
worn down (Fig. 2F). The paracone fold is strong on M2  and M3;
 of “Dihoplus” megarhinus (Mammalia, Rhinocerotidae) in Europe
 biochronological implications. Annales de Paléontologie (2015),

the mesostyle is faint on M2;  the parastyle fold is marked on both
the teeth, the parastyle is developed on M2.  The posterior profile
of the ectoloph, in occlusal view, is concave on M2;  a single cro-
chet is present on M2 and M3,  whereas crista and antecrochet are

dx.doi.org/10.1016/j.annpal.2015.09.001
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bsent on both teeth at this stage of wear. On M2,  the post-fossette
s wide and the distal cingulum is continuous; the metaloph is short
nd both metaloph and protoloph are slightly oblique. M3  has a
riangular outline in occlusal view.

Comparison: The upper teeth of C. neumayri differ from Kávás
pecimens by having backwards bent protolophs, molariform
pper premolars and a more wavy profile of the ectoloph in occlusal
iew (Fig. 4C). The premolars of “D”.  douariensis are molariform and
ave a strong and continuous lingual cingulum, whilst the M1  has

 flat lingual side of the protocone which also displays a lingual
roove on the type material from Douaria (Guérin, 1966: fig. 8;
ig. 4D). In D. schleiermacheri, DP1 is present, a crista occurs on the
pper premolars and the metacone fold is present on the upper pre-
olars (Fig. 4E). A reduced lingual cingulum is usually present on

he upper premolars of D. pikermiensis; in addition, the metacone
old is marked on upper premolars and the protocone constriction is

arked on M1–M2  (Fig. 4F–G). Contrary to the studied material, the
2 of “S”.  miguelcrusafonti (Guérin and Santafé-Llopis, 1978) from

he Pliocene of Spain displays a well-developed crochet and a crista,
hereas the P3 displays separated protocone and hypocone, dou-

le crochet, crista, accessory folds and a wide post-fossette (Guérin
nd Santafé-Llopis, 1978). S. jeanvireti has protocone and hypocone
eparate on P2 and P3 (Guérin, 1972, 1980; Guérin and Tsoukala,
013: figs. 5–7) and the paracone fold is smaller and narrower on
2 than in the studied specimens (Fig. 4H–L). In S. etruscus, the

ingual cingulum is usually present on the upper premolars, the
rista is usually present on the upper premolars and on M1 and M2
Fig. 4M).  In “D”. megarhinus from China, as in the studied speci-

ens, the lingual cingulum is absent on the upper premolars, P1
s absent and the protocone is less developed than the hypocone
n P2 (Ringström, 1924: figs. 1–2; Deng, 2006: fig. 3). However, a
mall crista is present on the M3  of “D”. megarhinus from Linxia
Deng, 2006: fig. 3) whereas this fold is absent on the studied M3.
n the cheek teeth from Lens Lestang (cast housed at NHML and
MB; Falconer, 1868; Fig. 4N), as well as in the studied material,

he post-fossette is small and rounded on the teeth, the protoloph
s not joined with the ectoloph on the right P2 and weakly joined

ith the ectoloph on the left P2, the protocone is less developed
han the hypocone on P2, P3 and P4 are subsquare, the metaloph
s constricted on P3 and P4, the crochet is weakly developed on P3
nd P4, the protocone is weakly constricted on M1  and the ante-
rochet and the crista are absent on M1  and M2.  Nevertheless, in
he skull from Lens Lestang a small crista occurs on the left M3
nd a reduced lingual cingulum is evident on the upper premolars
Fig. 5N). On the teeth from Saint-Laurent, the lingual cingulum is
bsent on the premolars (Guérin et al., 1969: 111). The upper teeth
f the skull from Montpellier are quite similar to those from Lens
estang and Kávás but display the following differences: the crochet
n P3 is slightly more developed, a weak crista occurs on P3 and
4, the crochet is replaced by three weak enamel folds on P4 and

 weak crista occurs on M2  (Guérin, 1980: Pl. 10, Pl. 15). The pres-
nce of the lingual cingulum on the upper premolars is a variable
haracter on the specimens from Montpellier (Guérin et al., 1969:
12). Thirty-seven isolated teeth from Montpellier (Appendix A)
re morphologically similar to those from Lens Lestang and Kávás
Appendix A), but a few of them display some other characters: a
rista is present on two P3, a weak metacone fold is evident on one
4, a weak double crochet occurs on one M2,  a weak crista occurs
n three M2  and on two M3.  The dimensions of the upper teeth
re close to the maximal values of “D”. megarhinus given by Guérin
1980) (Table 2).
Please cite this article in press as: Pandolfi, L., et al., Earliest occurrence
(Late Miocene, Pannonian Basin, Hungary): Palaeobiogeographical and
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.3. Mandible

Description: The right horizontal ramus HNHM V.79.117-5 is
elatively long and high, the ventral border is slightly convex and
 PRESS
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two mental foramina occur at the level of p2–p3. The height of the
horizontal ramus decreases below the premolars (Fig. 2H). The frag-
ment of the left horizontal ramus HNHM V.79.117-6 displays the
same morphology as HNHM V.79.117-5 (Fig. 2L). The vertical ramus
HNHM V.79.117-5 was reconstructed and it appears at a straight
angle with the horizontal ramus (Fig. 5A). The coronoid apophysis
is broken but it appears relatively well developed sagittally. The
sygmoidal incisure is relatively wide but not deep. The articular
condyle is not too strong and it is damaged on the medial side. The
mandibular foramen is below the alveolar arc and the masseteric
and temporal fossae are relatively shallow.

Comparison: The mandibles of C. neumayri display a slightly
convex lower border of the horizontal ramus, which inclines
abruptly upwards below p3–p2 and an inclined backward vertical
ramus (Fig. 5B). The posterior border of the symphysis is at the level
of p3 or behind it in C. neumayri, whereas on the specimen HNHM
V.79.117-5, the symphysis terminates at the level of p2–p3 (Fig. 2I).
“D”. douariensis differs from the specimens collected at Kávás by
having a concave anterior border of the vertical ramus in lateral
view (Guérin, 1966: fig. 7), an horizontal ramus inclined abruptly
upwards below p3–p2, and the posterior border of the symphysis at
the level of p3. The mandible of D. schleiermacheri differs from the
studied specimens in having a well-developed lower incisors and a
rather straight ventral border of the horizontal ramus (Fig. 5C). In
D. pikermiensis, the ventral border of the horizontal ramus of the
mandible is regularly convex (Fig. 5D). With respect to the studied
specimen, S. jeanvireti has a straight and relatively less high hori-
zontal ramus beneath the molars. Moreover, the height of the hori-
zontal ramus gradually decreases under the premolars and towards
the symphysis (Fig. 3F, 5E), whereas S. etruscus displays a convex
ventral border of the horizontal ramus (Fig. 5F). The mandible col-
lected at Kávás is rather similar to that of “D”. megarhinus from
Honan (Ringström, 1924: figs. 3–4). In the re-assembled specimen
from Kávás (Fig. 5A), the anterior border of the vertical ramus
appears rather straight than in “D”. megarhinus from Quaidam
Basin (IVPP V13799: Deng and Wang, 2004: fig. 2), but this dif-
ference could be related with a provisional restoration of the spec-
imen. The ventral border of the horizontal ramus of the mandible
from Saint-Laurent is slightly straight; in addition, the height of
the horizontal ramus decreases below the premolars (Guérin et al.,
1969: 99, fig. 8, 107, fig. 13). The mandibles of “D”. megarhinus from
Montpellier (NHML M40805 and NMB  various specimens) and from
other Italian localities (e.g., Palaia: Pandolfi, 2013) have a straight
ventral border of the horizontal ramus beneath the molars, which
curves gradually under the premolars and towards the symphysis,
resembling the specimen from Kávás (Fig. 5G–H). The height of the
horizontal ramus behind the m3 on the specimens from Kávás falls
into the range given by Guérin (1980) for “D”. megarhinus (Table 3).

4.4. Lower teeth

Description: On the specimen HNHM V.79.117-5, the toothrow
is represented by p2–m1 and a fragment of m2,  whereas on the
specimen HNHM V.79.117-6 p3, m2  and m3  are preserved and
p3 and m1  are damaged (Fig. 2). Labial cingula are absent on all
the teeth and the external rugosities are absent on the premolars.
The external groove is developed until the neck and the paralophid
reaches the lingual rim. The trigonid is angular, forming an acute
dihedron in occlusal view. The metaconid and the entoconid are
not constricted (Fig. 2). The lingual valleys have a V-shaped mor-
phology, but the posterior valley of m2  is U-shaped. Lingual cingula
are absent on the teeth. On p2, the paralophid is straight, without
 of “Dihoplus” megarhinus (Mammalia, Rhinocerotidae) in Europe
 biochronological implications. Annales de Paléontologie (2015),

constriction, the paraconid is developed and the posterior valley is
lingually open (Fig. 2).

Comparison: The morphology of the lower teeth is quite con-
servative in Late Miocene–Pliocene Rhinocerotini. The lower teeth

dx.doi.org/10.1016/j.annpal.2015.09.001
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f C. neumayri are rather hypsodont in respect to those of the
tudied material. p1 occurs on the unique know mandible of “D”.
ouariensis (Guérin, 1966). Labial and lingual cingula are absent
n “S”. miguelcrusafonti (Guérin and Santafé-Llopis, 1978) and “D”.
ouariensis, whereas in S. etruscus a lingual cingulum occurs on
ower teeth (Guérin, 1980, 2004). The lower teeth from Montpellier
“D”. megarhinus) display the same characters described for HNHM
.79.117. Lingual and labial cingula are absent on the lower teeth
f D. schleiermacheri and of D. pikermiensis (NHML), but mesial cin-
ula occur on lower molars of D. pikermiensis. The dimensions of
he teeth from Kávás (Table 4) fall into the range of “D”. megarhinus
iven by Guérin (1980).

. Discussion

The presence of the frontal horn, the short metaloph on the
pper molars, the slight protocone constriction on the upper
eeth, the absence of well-developed labial and lingual cingula,
he absence of a well-developed antecrochet on the upper teeth,
he less developed protocone than hypocone on P2, and the long
aralophid on the lower teeth enable to ascribe the studied speci-
ens to Rhinocerotini. The relative dimensions and proportions of

he studied specimens as well as their morphology (concave dorsal
rofile of the skull, high occipital face, low-crowned teeth, absence
f P1, submolariform premolars, absence of crista and antecrochet
n the upper molars) suggest an attribution to the genus Dihoplus.
ased on morphological comparison, the Late Miocene rhinoceros
emains collected in the Zala Subbasin (Pannonian Basin, Hungary)
an be referred to “D”. megarhinus.

This is the earliest record of this species in Europe.
According to Hürzeler and Engesser (1976) and Guérin (1980),

 fragmentary tibia comparable in size to that of “D”. megarhi-
us has been recovered from Baccinello V3, latest Miocene in age
Tuscany, central Italy). More recently, Guérin (2003) ascribed this
emain to D. cf. douariensis. According to Pandolfi (2013), the tibia
cast housed at NMB) is quite different from those of “D”. megarhi-
us from Montpellier, but the specimen is damaged and badly
reserved. However, the discovery of a maxilla (NMB nn) surely
eferable to “D”. megarhinus confirms the occurrence of this species
n the latest Miocene faunal assemblage of Italy. Furthermore, two
pper teeth ascribed to D. cf. megarhinus have been also recovered
rom the latest Miocene deposits of Monticino Quarry (Brisighella,
milia-Romagna) (De Giuli, 1989; Engesser, 1989; Rook et al., 1991,
999). These teeth share several morphological features with “D”.
egarhinus but also display some advanced traits (e.g., double cro-

het, crista) that lack in the specimens from Baccinello V3, Kávás
nd other localities; these features are instead present in a few
pecimens from Montpellier.

Alexejew (1916) ascribed to R. pachygnathus a right upper milk
oothrow from the Turolian (MN12) locality of Novo-Elisavetovka
Ukraine). This specimen was ascribed to D. orientalis by Ringström
1924) and it was recently referred to Dihoplus sp. by Giaourtsakis
t al. (2006). According to these authors, “this toothrow does not
how any significant morphological difference in respect to the
astern Mediterranean specimens of the genus” (Giaourtsakis et al.,
006: 381). We  agree with the viewpoint of Giaourtsakis et al.
2006), but an attribution to “D”. megarhinus cannot be ruled out
ither. The same goes for the upper milk toothrow collected at
araklia (Khomenko, 1914; Ringström, 1924).

Fukuchi et al. (2009) ascribed over 500 specimens collected in
he Pliocene (MN15–16a) locality of Udunga (Transbaikalia) to S.
egarhinus. According to Fukuchi et al. (2009), the specimens from
Please cite this article in press as: Pandolfi, L., et al., Earliest occurrence
(Late Miocene, Pannonian Basin, Hungary): Palaeobiogeographical and
http://dx.doi.org/10.1016/j.annpal.2015.09.001

dunga are more closely related to the European sample of the
pecies than to the Turkish one reported by Guérin and Sen (1998).

 dispersal of S. megarhinus directly from Europe was  therefore
uggested (Fukuchi et al., 2009). Within the material reported by
 PRESS
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Fukuchi et al. (2009), a praemaxilla displays an alveolus for a small
and reduced upper incisor (I1) and no trace of ossification between
the praemaxilla and the nasal can be observed. Both characters
suggest an attribution to the genus Dihoplus. The isolated upper
molars have a marked paracone fold, a single crochet and also a
crista which is very close to the anterior end of the crochet (Fukuchi
et al., 2009: fig. 6). On the basis of the material figured by Fukuchi
et al. (2009), the occurrence of “D”. megarhinus during the latest
Pliocene is confirmed in the Transbaikalia. In Italy, “D”. megarhi-
nus was reported in several Pleistocene fossiliferous localities but
these records are related to nomenclatural misidentifications with
other species (Pandolfi, 2013). Breda et al. (2010) ascribed to S. cf.
megarhinus a few rhinoceros remains recovered at the early Middle
Pleistocene site of Boxgrove (England) (Breda et al., 2010: 140–144,
figs. 6–7). According to Pandolfi (2013), the morphology of the frag-
mentary skull from Boxgrove (M82542; Breda et al., 2010: 140–144,
figs. 6–7) partially resembles that of S. etruscus. Moreover, several
morphological features of the teeth from Boxgrove (M82482-97;
Breda et al., 2010: fig. 6) can be observed in some specimens of
S. etruscus from Upper Valdarno and Capitone (Pandolfi, 2013), but
further additional morphological comparisons are needed to better
identify these remains.

The rhinoceros remains from Meyrargues (France), previously
ascribed to D. mercki, can be referred to “D”. megarhinus (Bonifay,
1961; Guérin, 1980). These deposits were usually referred to the
Pleistocene, but according to Bonifay (1961), “l’origine de ces élé-
ments reste assez obscure” (Bonifay, 1961: 1). Finally, Koenigswald
(1988, 1991) reported the occurrence of D. cf. megarhinus in the
Pleistocene deposits at Gross-Rohrheim (Germany). The morphol-
ogy of the teeth figured by Koenigswald (1988, 1991: fig. 8) is very
similar to that of the specimens from Boxgrove and most probably
they belong to the same undefined species.

6. Conclusions

The new Late Miocene record of “D”. megarhinus enable us to
draw a new palaeobiogeographic scenario and hypothesis for the
dispersal pattern of this species in Eurasia.

Due to the strong morphological and metric similarities, the
Late Miocene (MN12) Chinese D. ringstroemi named by Arambourg
(1959) is here considered a junior synonym of “D”. megarhinus
established by de Christol (1834). This suggests that “D”. megarhi-
nus could have spread from Asia to Eastern Europe during the Late
Miocene. The Turolian rhinoceros from Taraklia (Khomenko, 1914)
and Novo-Elisavetovka (Alexejew, 1916), referred as D. orientalis
by Ringström (1924) and later as Dihoplus sp. (Giaourtsakis et al.,
2006; see previous chapter), could support this hypothesis, but
new findings are needed for a more precise specific attribution.
However, a similar dispersal pattern has been also recorded for
other Rhinocerotidae taxa, such as S. kirchbergensis,  C. tologojensis,
C. antiquitatis and the genus Elasmotherium (Guérin, 1980, 2010;
Antoine, 2002; David and Eremeico, 2003; Kahlke and Lacombat,
2008; Deng et al., 2011; Tong, 2012; Tong et al., 2014).

The de Christol’s species is here reported for the first time
from the Pannonian Basin, in fossiliferous deposits biochronolog-
ically referable to MN12–13 transition (around 7.0 Ma: Pandolfi
et al., in press). At the end of the Miocene (MN13), “D”. megarhi-
nus was recorded in Italy and later, during the Early and Late
Pliocene (MN14 and MN15), in several Western European localities
(Montpellier, Lower Valdarno, Lens Lestang, Saint-Laurens: Guérin,
1980; Pandolfi, 2013). During the second half of the Pliocene,
this species was  also spread in Turkey (MN15: Guérin and Sen,
 of “Dihoplus” megarhinus (Mammalia, Rhinocerotidae) in Europe
 biochronological implications. Annales de Paléontologie (2015),

1998). The latest Pliocene record from Udunga (MN15–MN16a)
could represent the persistence of this species in Asia and not
just the dispersal of “D”. megarhinus in Asia from Europe as sug-
gested by Fukuchi et al. (2009). The Russian finding, however, is the

dx.doi.org/10.1016/j.annpal.2015.09.001
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oungest occurrence of the species in Eurasia, whereas the reported
leistocene occurrences of “D”. megarhinus (e.g., Boxgrove, Gross-
ohrheim) are not supported on a morphological ground.

isclosure of interest

The authors declare that they have no conflicts of interest con-
erning this article.

cknowledgements

We  thank P.-O. Antoine and an anonymous reviewer for
onstructive suggestions. We  also thank I. Magyar for useful infor-
ation on the Western Pannonian Basin. LP thanks E. Cioppi

IGF), E. Bodor (MFGI), O. Hampe (MfN), C. Sarti (MGGC), M.
ornasiero (MGPP), P. Pérez Dios (MNCN), R. Manni (MPUR), F.
arsi (MSNAF), P. Agnelli (MSNF), P. Brewer (NHML), U. Göhlich
NHMW)  and L. Costeur (NMB) for their help and assistance dur-
ng his visits to the rhinoceros fossil collections. LP also thanks L.

aiorino and G. Sansalone for the pictures of the specimens housed
t BSPG, IVPP, MNHN and MPP. LP thanks the European Com-
ission’s Research Infrastructure Action, EU-SYNTHESYS project
T-TAF-2550, DE-TAF-3049, GB-TAF-2825, HU-TAF-3593, ES-TAF-
997; part of this research received support from the SYNTHESYS
roject http://www.synthesys.info/, which is financed by European
ommunity Research Infrastructure Action under the FP7 “Capaci-
ies” Program.

ppendix A. Appendix A Source for comparison material.

Taxon Direct
observation

Locality References

“Dihoplus”
megarhinus

NHML, NMB  Lens Lestang, Millas,
Montpellier,
Saint-Laurens (France)

Gervais, 1851;
Falconer, 1868;
Maurette,
1910; Guérin
et al., 1969;
Guérin, 1980

“Dihoplus”
megarhinus

IGF, MGGC,
MPP, MPPB,
MSNAF, NMB

Baccinello, Monte
Giogo, Monte Zago,
Rio Secco, Val di
Pugna-Fangonero,
Valdarno Inferiore
(Italy)

Azzaroli, 1962;
Cuscani Politi,
1963a, 1973;
Guérin, 1980;
Pandolfi, 2013

“Dihoplus”
megarhinus

BSPG, IVPP Honnan, Linxia,
Quaidam (China)

Ringström,
1924; Deng and
Wang, 2004;
Deng, 2006

“Stephanorhinus”
miguelcrusa-
fonti

MNCN Layna (Spain) Guérin and
Santafé-Llopis,
1978; Guérin,
1980

Stephanorhinus
jeanvireti

NMB  Perrier-Les Étouaires,
Vialette (France)

Guérin, 1972,
1980

Stephanorhinus
jeanvireti

IGF, MGGC,
NMB

Dusino, Monte
Pastore, Monte
Pugnalsco, Monte San
Pietro, Montopoli,
Pradalbino, Villafranca
d’Asti (Italy)

Sacco, 1895;
Guérin, 1972,
1980; Pandolfi,
2013

Stephanorhinus
etruscus

MNHN, NMB  Perrier-Les Étouaires,
Saint-Vallier, Senéze
(France)

Guérin, 1972,
1980, 2004;
Lacombat,
2005, 2006

Stephanorhinus
etruscus

IGF, MGGC,
MGPP, MSNAF,
MPUR

Capitone, Castelnuovo
di Barardenga Scalo,
Valdarno Superiore
(Italy)

Cuscani Politi,
1963b;
Ambrosetti,
1972; Guérin,
Please cite this article in press as: Pandolfi, L., et al., Earliest occurrence
(Late Miocene, Pannonian Basin, Hungary): Palaeobiogeographical and
http://dx.doi.org/10.1016/j.annpal.2015.09.001

1980; Mazza,
1988; Pandolfi
and Petronio,
2011; Pandolfi
et al., in press
 PRESS
ntologie xxx (2015) xxx–xxx 13

Taxon Direct
observation

Locality References

Dihoplus
schleiermacheri

HNHM, MFGI,
MfN, MNCN,
NHML, NHMW,
NMB

Eppelsheim
(Germany), Pannonian
Basin (Hungary,
various localities),
Vienna Basin (Austria,
various localities),
Venta del Moro
(Spain)

Guérin, 1980;
Cerdeño, 1989,
1992

Dihoplus
pikermiensis

NHML, NHMW Pikermi, Samos,
Kerassia (Greece)

Geraads, 1988;
Giaourtsakis,
2003, 2009;
Giaourtsakis
et al., 2006

Ceratotherium
neumayri

NHML, NHMW Pikermi, Samos,
Kerassia (Greece)

Guérin, 1980;
Geraads, 1988,
2005;
Giaourtsakis,
2003, 2009;
Giaourtsakis
et al., 2006

Ceratotherium
neumayri

NHMW Anatolia (Turkey,
various localities),
Maragha (Iran)

Geraads, 1988,
1994, 2005;
Kaya, 1994;
Antoine and
Saraç , 2005

“Diceros”
douariensis

Douaria (Tunisia),
Middle Awash
(Ethiopia)

Guérin, 1966;
Giaourtsakis
et al., 2009
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