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ARTICLE

REASSESSMENT OF THE LARGEST PLEISTOCENE RHINOCEROTINE RHINOCEROS
PLATYRHINUS (MAMMALIA, RHINOCEROTIDAE) FROM THE UPPER SIWALIKS (SIWALIK

HILLS, INDIA)

LUCA PANDOLFI* and LEONARDOMAIORINO
Department of Science, Section of Geology, University of Roma Tre, Largo S.L. Murialdo 1, 00146, Rome, Italy,

luca.pandolfi@uniroma3.it; leonardo.maiorino@uniroma3.it

ABSTRACT—We describe and figure a well-preserved, large skull of a rhinoceros, NHMUK 36661, collected in 1860 from
Upper Siwalik deposits. This specimen can be referred to Rhinoceros platyrhinus. Comparison with the type material of R.
platyrhinus revealed that several specimens previously referred to this taxon, including the lectotype, should instead be
assigned to Rhinoceros sp. (potentially R. sivalensis or R. unicornis). Therefore, we here provide new detailed cranial and
dental characters for R. platyrhinus, which is currently known only by a few specimens collected from a restricted area of
northern India. We suggest that the generic name Punjabitherium erected for R. platyrhinus represents a junior synonym of
Rhinoceros due to the morphological affinities of NHMUK 36661 with R. unicornis. A principal component analysis and a
cluster analysis confirmed the morphological similarities between R. platyrhinus and R. unicornis. Rhinoceros platyrhinus
represents the largest rhinocerotine species in Eurasia and is characterized by a long skull and high-crowned teeth, suggesting
that it was a grazer rather than a mixed feeder such as R. unicornis. This is supported by a cluster analysis on the upper teeth.
The progressive increase in aridity from ca. 12 Ma to Recent in northern India could have affected the dietary regime of R.
platyrhinus towards to a more grazer-like diet.

SUPPLEMENTAL DATA—Supplemental materials are available for this article for free at www.tandfonline.com/UJVP

Citation for this article: Pandolfi, L., and L. Maiorino. 2016. Reassessment of the largest Pleistocene rhinocerotine Rhinoceros
platyrhinus (Mammalia, Rhinocerotidae) from the Upper Siwaliks (Siwalik Hills, India). Journal of Vertebrate Paleontology.
DOI: 10.1080/02724634.2015.1071266.

INTRODUCTION

The Siwalik Hills, located south of the Himalayas in northwestern
India, are mainly composed of Neogene fluvial sediments (Barry
et al., 2013, and references therein). However, the term Siwalik Hills
is also used to indicate all Neogene fluvial sediments located along
the southern margin of the Himalayas and adjacent areas of Paki-
stan, Nepal, and India (Barry et al., 2013, and references therein;
Flynn et al., 2013). The well-known fossil faunas from Siwalik
deposits comprise an extraordinary archive upon which the study of
the evolution of single taxa and animal communities throughout the
Neogene can be based (Falconer and Cautley, 1846; Lydekker,
1876, 1881, 1884; Pilgrim, 1910, 1913; Matthew, 1929; Colbert, 1935;
Nanda, 2002, 2008; Flynn et al., 2013). Pilgrim (1910, 1913) divided
the Siwaliks into three units: Lower, Middle, and Upper Siwaliks,
on the basis of the succession of strata and fossils (Nanda, 2002,
2008; Barry et al., 2013; Flynn et al., 2013). Three species of Rhinoc-
erotidae have been reported from the Upper Siwaliks on the basis
of cranial and postcranial material (Falconer and Cautley, 1846;
Lydekker, 1876, 1881; Matthew, 1929; Colbert, 1935): Rhinoceros
sivalensis, R. palaeindicus, and R. platyrhinus.
Rhinoceros platyrhinus was included in the genusDicerorhinus

by Pilgrim (1910:201). It was referred to Rhinoceros
(?Coelodonta) platyrhinus by Matthew (1929:534) and assigned
to the genus Coelodonta by Colbert (1935). Colbert (1935, 1942)
revised the fossil rhinoceroses from the Siwalik Hills, establish-
ing R. palaeindicus as synonymous to R. sivalensis, in agreement

with Matthew (1929), and including R. platyrhinus in the genus
Coelodonta. Khan (1971) erected the new genus Punjabitherium
for this latter species on the basis of a fragmentary skull. Since
Khan’s contribution (1971), Punjabitherium platyrhinum has
been frequently used in literature (e.g., Antoine, 2012; Khan
et al., 2013). Nevertheless, Prothero et al. (1989) mentioned this
taxon as pertaining to Rhinoceros, whereas Nanda (2002, 2008)
continued to refer it to Coelodonta.
Rhinoceros platyrhinus material is rare and currently known

only from a restricted area, in the surroundings of the Yamuna
River and nearby Mirzapur, northern India (Fig. 1). Moreover,
several cranial and dental traits of this species were left unde-
scribed or have been poorly investigated. The fossil material
reported in Falconer and Cautley (1846) and Murchison (1867),
and ascribed to R. platyrhinus, includes fragmentary and poorly
preserved specimens, whereas the specimen published by Khan
(1971) is damaged and lacks several cranial portions.
The goal of this work is to provide a detailed and comprehen-

sive update of the cranial and dental features of one of the larg-
est and rarest rhinoceroses ever discovered in Eurasia and to
reassess its systematics. Although this species is still poorly
known, its taxonomic status appears critical to better understand
the evolution of the Asian taxa. The evolutionary history of
Indian and southeastern Asian fossil rhinoceroses is currently
confused and poorly investigated. It is unclear how many species
of the genus Rhinoceros are valid. This issue was a matter of
debate during the first half of the 20th century (Matthew, 1929;
Colbert, 1935, 1942). A revision of this rhinoceros material
would provide new data and thus potentially a new interpreta-
tion of the diversity and evolution of fossil rhinoceroses from the*Corresponding author.
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Indian Subcontinent. We also investigated the cranial shape of a
large data set of skulls in lateral view (n D 169) and upper tooth
rows in occlusal view (n D 88) of Plio-Pleistocene rhinoceroses
of Eurasia by means of geometric morphometrics to further
highlight and eventually confirm whether Rhinoceros platyrhinus
possesses any morphological differences of skull and upper teeth
with respect to the other rhinocerotines under investigation.
Institutional Abbreviations—AMNH, American Museum of

Natural History, New York, U.S.A.; NHMUK Natural History
Museum, London, U.K.

MATERIALS ANDMETHODS

Material

This study is based on the description of a well-preserved,
large skull currently housed at NHMUK that was collected by
Colonel Baker, a collector of many Siwalik fossils (Lydekker,
1881). A short note on this skull was written by Falconer (1868).
Later, the specimen was mentioned by Lydekker (1876:29,
1881:49), Colbert (1935:178), and Khan (1971:106). However, as
noted by Lydekker (1881:49), this specimen appears to never
have been fully described or figured in a scientific work. Lydek-
ker reported a short description of this skull, based on a cast
housed in the collection of the Indian Museum, Calcutta (Lydek-
ker, 1881:pls. 8, 9, fig. 2).
In preparation for the geometric morphometric study, we col-

lected photographs of 169 skulls in lateral view and of 88 upper
tooth rows in occlusal view of three extant Asian rhinocerotine
species (Dicerorhinus sumatrensis, Rhinoceros unicornis, and
Rhinoceros sondaicus) and eight extinct rhinocerotine taxa
(Rhinoceros platyrhinus, Dihoplus megarhinus, Stephanorhinus

jeanvireti, Stephanorhinus etruscus, Stephanorhinus hundsheim-
ensis, Stephanorhinus kirchbergensis, Stephanorhinus hemitoe-
chus, and Coelodonta antiquitatis) that occur in the Pliocene and
Pleistocene fossil record of Eurasia, from both original photos
and published pictures. The species list and the number of speci-
mens for each species, as well as the list of institutions where the
original specimens are preserved, are reported in Supplementary
Data 1. We followed the protocols of Marcus et al. (2000) and
Mullin and Taylor (2002) to minimize parallax and measurement
error on the photographs.

Methods

Morphological Comparison—The specimen NHMUK 36661
was compared with the rhinocerotid material collected in the
same area that has been referred to either R. unicornis or R. siva-
lensis, and with the type material of R. platyrhinus. Moreover,
the studied specimens were compared with several Plio-Pleisto-
cene species of Eurasia as well (Table S1). Comparisons were
based on direct observations of material housed at several muse-
ums and institutions, as well as specimens published in several
contributions (Table S1). Dental and cranial terminology follows
Antoine (2002) (Fig. 2), whereas the morphometric methodol-
ogy follows Gu�erin (1980).
Geometric Morphometrics—Geometric morphometrics is a

suitable method for quantifying morphological changes and phe-
notypic differences among groups of organisms (Adams et al.,
2004; Zelditch et al., 2012). Nineteen landmarks and 17 semi-
landmarks in two dimensions (Fig. 3A) were digitized on each
skull in lateral view, and 18 landmarks on each upper tooth row
in occlusal view (Fig. 3B), using tpsDig2 version 2.17 (Rohlf,
2013). Scale bars were used to scale each digitized specimen.
Semilandmarks are useful to capture morphological information
of outlines where no homologous points can be detected. Curves
or contours are assumed to be homologous among specimens
(Bookstein et al., 2002; Perez et al., 2006). We digitized semi-
landmarks at equal distances along outlines drawn on the speci-
mens. Sexual dimorphism in Rhinoceros spp. could potentially
influence the shape comparisons among species and affect the
results; therefore, we excluded from the landmark configuration
the nasal and premaxillary bones, which are known to be sexu-
ally dimorphic (Gu�erin, 1980; Antoine, 2002). Teeth wear down
with age, altering the original shape of the crown. Because the
specimens represent a range of ages, we collected only upper
tooth rows exhibiting little or no wear. We excluded from the
data set incomplete or severely damaged skulls or upper tooth
rows.
Generalized Procrustes analysis (GPA; Bookstein, 1991)

implemented using the procSym() function in ‘Morpho’ R pack-
age (Schlager, 2013) was used to analyze shape among specimens
in the cranial and upper tooth row samples. Generalized Procrus-
tes analysis scales, aligns, and rotates each landmark configura-
tion to the unit centroid size (CS D the square root of sum of
squared differences between landmarks from their centroid;
Bookstein, 1986). Centroid size represents the individual size of
specimens. Its variation among rhinocerotines under investiga-
tion was visualized using a boxplot.
After GPA, a between-group principal component analysis

(bgPCA) was performed on the Procrustes shape variables to
identify orthogonal axes of maximal variation in the data set,
using the groupPCA() function in ‘Morpho’ R package
(Schlager, 2013). The bgPCA provides a projection of the data
onto the principal components of the group means, leading to an
ordination of the shape variables between the group means. The
new axes are orthogonal and can be computed even when the
data are not of full rank, such as for Procrustes shape coordinates
(Mitteroecker and Bookstein, 2011). This method offers good
performance when the number of cases is smaller than the

FIGURE 1. Location map of the area where the skull NHMUK 36661
was recovered.
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number of variables, as often occurs in geometric morphometric
studies in paleontology (Boulesteix, 2005; Sansalone et al., 2016).
UPGMA—A cluster analysis was performed on the shape

data of the two data sets to assess similarities among taxa, that is,
an UPGMA (unweighted pair group method with arithmetic
mean) algorithm performed on the averaged Procrustes distan-
ces. The results are two dendrograms of morphological similari-
ties among species included in the sample (skull and upper tooth
data sets).

SYSTEMATIC PALEONTOLOGY

Order PERISSODACTYLA Owen, 1848
Family RHINOCEROTIDAE Gray, 1821
Tribe RHINOCEROTINI Gray, 1821

RHINOCEROS Linnaeus, 1758

Type Species—Rhinoceros unicornis Linnaeus, 1758.
Other Species—Rhinoceros sondaicus Desmarest, 1822, Rhi-

noceros sivalensis Falconer and Cautley, 1846, Rhinoceros

platyrhinus Falconer and Cautley, 1846, Rhinoceros sinensis
Owen, 1870.
Distribution—From the Pliocene to Recent of the Indian Sub-

continent and southeastern Asia (including southern China).

RHINOCEROSPLATYRHINUS Falconer andCautley, 1846

(Figs. 4A–F, S1A, S2A)

Type Material—As noted by Lydekker (1876:21, 1881:48), no
description of the species was given by Falconer and Cautley
(1846). In fact, although most authors refer to Falconer and
Cautley (1846) for the taxon name, the description of the type
material of R. platyrhinus was compiled by Murchison (1867).
Additionally, the fossil material was drawn in a plate by Baker
and Durand (in Murchison, 1867). Lydekker (1886:100) desig-
nated the specimens NHMUK 33662 (fig. 1 of pl. 72 in Murchi-
son, 1867) and M2731 (fig. 2 of pl. 72 in Murchison, 1867) as the
types of R. platyrhinus. He had previously referred these two
specimens to the same skull (Lydekker, 1881:48). In contrast,
Matthew (1929:534) indicated the specimens NHMUK 36662
(which is the correct collection number reported on the speci-
men, reproduced in fig. 1 of pl. 72) as type of the species and
NHMUK M2731 (now labeled NHMUK 39628) as the paratype.
Matthew (1929) also reported the specimen NHMUK 36661 as
the neotype of R. platyrhinus. It appears that Matthew (1929)
was the first to explicitly designate NHMUK 36661 as the neo-
type. He essentially ignored the types and derived the morpho-
logical characters of the species from NHMUK 36661. Colbert
(1935) designated the specimens NHMUK 33662 ( D NHMUK
36662), a partial skull (Falconer and Cautley, 1846:pl. 72, fig. 1),
as the lectotype of the species and NHMUKM2731 (now labeled
as NHMUK 39628) as the cotype and possibly belonging to the
same individual as NHMUK 33662. This latter author also con-
sidered NHMUK 36661 as the neotype of R. platyrhinus. How-
ever, although NHMUK 36662 displays morphological
characters that suggest an attribution to the genus Rhinoceros, it
is specifically indeterminate, and NHMUK 36661 should be
reconsidered the neotype of R. platyrhinus (International Com-
mission on Zoological Nomenclature [ICZN] Recommendation
75A and D).
Type Locality and Horizon—Upper Siwaliks, from the Early

Pleistocene to early Middle Pleistocene, Siwalik Hills, in the sur-
rounding areas of Yamuna River, northern India.
Distribution—The species is known only from the type area

and from the vicinity of the town Mirzapur (northern India).
Referred Material—An almost complete and well-preserved

skull, NHMUK 36661.
Emended Diagnosis—The largest species of the genus Rhi-

noceros; the skull is high and massive; presence of lateral
apophyses on the nasal bones; nasal notch above P3; infraorbi-
tal foramen above P3–P4; anterior border of the orbit above
the M1–M2 contact; occipital face straight, cheek teeth high-
crowned; P3–M2 with paracone and metacone folds; M1–M2
with medifossette. Differs from R. unicornis, R. sondaicus, R.
sivalensis, and R. sinensis in having longer skull and cheek
teeth. Differs from R. unicornis in having a marked metacone
fold on M1–M2 and in lacking a medifossette on the premo-
lars. Differs from R. sondaicus, R. sivalensis, and R. sinensis in
having high-crowned cheek teeth, a metacone fold, and a med-
ifossette on M1–M2.

DESCRIPTION

Skull—The skull is massive in lateral view (Fig. 4A). The
dorsal profile of the skull is concave, the nasal bones are dor-
sally convex, the insertion of a nasal horn is evident, and a
lateral apophysis is present on the ventral border of the

FIGURE 2. Dental nomenclature. A, M1 of Rhinoceros sondaicus
(NHMUK 1861-3-11-1); B, P4 of Rhinoceros unicornis (NHMUK 19011-
3-10-1). Scale bars equal 2 cm.
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nasals (Fig. 4A). The nasal notch is ‘U’-shaped, and its poste-
rior end lies above P3. The infraorbital foramen is large and
located above the P3–P4 contact. The anterior border of the
orbit lies above the M1–M2 contact, the zygomatic arch is
relatively massive, and the lacrymal process is present
(Fig. 4A). The external auditory pseudomeatus is closed, and
the occipital face is straight. The horn does not insert on the
frontal bones (Fig. 4A). A sagittal crest extends onto the bas-
ilar process in basal-occipital view (Fig. 4B). The posterior
border of the nuchal crest is concave and the frontal-parietal
crests are well separated in dorsal view. In occipital view, the
occipital face is trapezoidal, the dorsal border of the nuchal
crest displays a concavity in the middle, the foramen magnum
is circular, and the occipital condyles are relatively large
(Fig. 4C, D). The area between the occipital lateral crests
and the lateral-external crests is enlarged and appears
inflated (Fig. 4D).
Teeth—The cheek teeth are hypsodont, the lingual and labial

cingula are absent, and the paracone and metacone folds are evi-
dent on premolars, M1, and M2 (Fig. 4E, F). The alveoli of a P1
or a DP1 are evident.
In occlusal view, P2s display a relatively long crista and a small

crochet. The protoloph is joined with the ectoloph, and the proto-
cone is constricted (Fig. 4E, F). Moreover, the protocone and the
hypocone have a short contact lingually, the metaloph appears ‘S’-
shaped, and the postfossette is large and posteriorly closed.
The metaloph is ‘S’-shaped, and the protoloph is oblique on

P3s; the protocone and hypocone are lingually joined, whereas
the crista is small and the crochet is well-developed with an
accessory fold (Fig. 4E, F). The parastyle is relatively long and
narrow.

The protocone and hypocone of P4 are joined at a slightly
advanced stage of wear (Fig. 4E, F). The mesial cingulum is evi-
dent. The crista appears absent on the right P4, but is present on
the left. The crochet is small and narrow (Fig. 4E, F). The metal-
oph is wavy in occlusal view, and the hypocone is constricted.
The medifossette is closed, the protoloph and the metaloph

bend backwards distallingually on M1 (Fig. 4E), the protocone is
constricted, and the postfossette is smaller than that on P3–P4
(Fig. 4E, F).
The medifossette is closed on M2, and an accessory fold is

present on its anterior border (Fig. 4E, F). Protoloph and met-
aloph turn backward lingually. An incipient mesostyle is
evident.
The M3s display a small crista, a single crochet, a slightly con-

stricted protocone, and a marked paracone fold (Fig. 4E, F).

RESULTS

Morphological Comparison with Rhinoceros

Fossil remains of Rhinoceros have been recorded in several
localities of the Indian Subcontinent and southeastern Asia
(Table S1; Antoine, 2012, and references therein).
Comparison with Rhinoceros unicornis—In comparison with

NHMUK 36661, the skull of R. unicornis (Tables S1, S2) is
shorter in lateral view, with a forward-leaning occipital face.
In R. unicornis, the posterior border of the nasal notch is
above P2 or the contact between P2 and P3, the infraorbital
foramen lies above P3, and the anterior border of the orbital
cavity is located above the P4–M1 contact or M1 (Fig. S1).
The skull of R. unicornis and NHMUK 36661 have several
features in common: a dorsal concave profile of the skull,

FIGURE 3. Landmark and semilandmark
configurations. A, landmark configurations
for skull in lateral view (Rhinoceros unicor-
nis, NHMUK 1972–739): (1) posterior border
of nasal notch; (2) infraorbital foramen; (3)
anterior border of P2; (4) posterior border of
upper premolar row; (5) anterior border of
orbit; (6) lower tip of orbit; (7) maximum cur-
vature point of ventral border of zygomatic
arch; (8) dorsal tip of zygomatic arch; (9)
anterior border of the postglenoid process at
its junction; (10) junction between temporal
and nuchal crests; (11) dorsal tip of occipital
condyle; (12) posterior tip of occipital con-
dyle; (13) ventral tip of occipital condyle;
(14) maximum curvature point of posterior
area of nuchal crest; (15) projection of land-
mark 1 on dorsal border of nasal bones; (16)
projection of landmark 1 on ventral border of
premaxillary/maxillary bones; (17) projection
of landmark 5 on dorsal border of frontal
bones; (18) projection of landmark 5 on ven-
tral border of maxillary bones; (19) ventral
tip of postglenoid process; B, landmark con-
figurations for upper tooth row (Rhinoceros
sondaicus, MNHN PeE 588): (1) anterior-
most tip of upper tooth row, excluding
P1/DP1; (2) tip of paracone fold of P2; (3) tip
of paracone fold of P3; (4) tip of paracone
fold of P4; (5) metacone fold or groove of P4;
(6) metastyle of P4; (7) apex of paracone fold
of M1; (8) metacone fold or groove of M1;
(9) metastyle of M1; (10) tip of paracone fold
of M2; (11) metacone fold or groove of M2;
(12) metastyle of M2; (13) tip of paracone
fold of M3; (14) crochet of P4; (15) crochet of
M1; (16) crochet of M2; (17) crochet of M3;
(18) posterior end of upper tooth row. Scale
bars equal 10 cm.
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a convex profile of the nasal bones, the presence of the nasal
horn insertion, a closed external auditory pseudomeatus, the
presence of the lacrymal process, the presence of a slight con-
cavity in the middle of the dorsal and posterior borders of the
nuchal crest, and a high occipital face (Fig. S1). The upper
cheek teeth of R. unicornis differ from those of NHMUK
36661 in having a closed medifossette with an accessory fold
on the premolars and a shallow metacone fold on M1 and M2
(Fig. S2).
Comparison with Rhinoceros sondaicus—R. sondaicus

(Table S1) has a dorsoventrally shorter occipital face in occipital
view, a posterior border of the nasal notch lying above P2, and
an infraorbital foramen above the P3 (Fig. S1). The anterior
margin of the orbit is located above P3–P4 or P4 in R. sondaicus,
and the occipital face leans forward in lateral view. The upper
cheek teeth of R. sondaicus are low-crowned and differ from
those of NHMUK 36661 in having separated protocone and
hypocone and parallel protoloph and metaloph on the premolars
(Fig. S2). Moreover, the metacone fold is absent on M1 and M2
and is shallow or absent on the premolars, the crista is usually
absent on the teeth, and the medifossette does not occur on the
molars (Fig. S2).
Comparison with Rhinoceros sivalensis—Cranial material of

R. sivalensis is poorly known, being represented by only a
few specimens collected from the Siwalik Hills (Table S1;
Falconer and Cautley, 1846; Colbert, 1935). This species has
been considered a synonym of R. unicornis (Antoine, 2012).
Compared with the specimen studied here, the type material
of R. sivalensis shows the anterior border of the orbit lying
above P4–M1, the posterior end of the nasal notch lying
above P2, and separated protocone and hypocone on P4.
Moreover, the medifossette is absent on the molars, and the
crista is absent on the premolars (Fig. S2). The specimens
originally referred to R. palaeindicus in Falconer and Cautley
(1846) are rather similar to R. sivalensis. They differ from
the type specimen of R. sivalensis in having a pronounced lin-
gual cingulum on P2–P4, a small crista on M1, a long crista
on P3, a postfossette distally opened on P3–P4, and proto-
loph and metaloph lingually convergent on P3.
Comparison with Rhinoceros sinensis—The taxonomic status

of R. sinensis is still debated (Antoine, 2012, and references
therein). The comparison is here based on material published
by Matthew and Granger (1923) and Colbert and Hooijer
(1953). The M1 and M2 of R. sinensis differ from those of
NHMUK 36661 in the lack of the medifossette and metacone
fold, and in having a concave posterior profile of the ectoloph.
The protocone and hypocone are separated on P3–P4 in R.
sinensis, whereas the metaloph and protocone are not con-
stricted. In addition, the protoloph and metaloph are lingually
convergent on P2, which is triangular in shape (Matthew and
Granger, 1923).
Comparison with Rhinoceros platyrhinus—Within the type

material of R. platyrhinus, the cranial fragment NHMUK 39628
(DNHMUK M2731) is a dorsally deformed occipital area only
(Fig. 4G, H). The foramen magnum is circular in occipital view.
The occipital face is high, and the dorsal border of the occipital
crest possesses a concavity in the middle as in the studied speci-
men (Fig. 4C, D). It further displays a closed external auditory
pseudomeatus and a straight occipital face in lateral view. In dor-
sal view, the nuchal crest is slightly concave as in NHMUK
36661.

In NHMUK 39643, the skull is fragmentary and poorly pre-
served (Fig. 4I). The anterior border of the orbit lies above the
P4–M1 contact, and the infraorbital foramen lies above the P2–
P3 contact. The teeth are heavily worn in NHMUK 39643 and
differ from those of NHMUK 36661 in having separated proto-
cone and hypocone on P4, absence of a metacone fold on P4,
presence of a strongly constricted protocone on M3, and pres-
ence of an antecrochet on M3. Specimen NHMUK 39643 is
more similar to R. sivalensis instead.
The specimen NHMUK 36662 is eroded and polished and

poorly preserved (Fig. 4L, M). In lateral view, the infraorbital
foramen is relatively large. The lacrymal process appears to
be absent, and the anterior margin of the orbit lies above M1.
The upper cheek teeth of NHMUK 36662 (Fig. 4M) differ
from those of NHMUK 36661 in the lack of the closed medi-
fossette on M1 and M2 and in having a small crochet on M1
and M2. Moreover, NHMUK 36662 lacks the metacone fold
on M2, which displays a concave posterior profile of the ecto-
loph, and a metaloph bends backwards distallingually on M1.
Unfortunately, the premolars are heavily worn and a further
comparison is not possible, but the few recognized characters
suggest an attribution to R. sivalensis.
An isolated M3 (NHMUK 39669) resembles those of

NHMUK 36661 in having a long and curved crochet, a shallow
and wide paracone fold, and a reduced distal cingulum on the
hypocone.
An isolated M2 (NHMUK 39641) displays a large and well-

developed crochet with an accessory fold, an apparent medifos-
sette (the crista appears absent and the medifossette is formed
by an accessory fold of the crochet), a constricted protocone, and
an apparently very shallow metacone fold. The morphology of
this tooth resembles that of R. unicornis rather than that of
NHMUK 36661.
The fragmentary skull (A/559; Department of Geology,

University of Punjab) described and figured by Khan (1971)
displays, in lateral view, a concave dorsal profile, a lacrymal
process, an anterior border of the orbit located above the M1–
M2 contact, a posterior end of the nasal notch presumably
lying above P3, and a closed external auditory pseudomeatus.
All of these characters are shared with NHMUK 36661.
Unfortunately, the occipital face is badly damaged so that sev-
eral anatomical features cannot be observed. Moreover, we
maintain that the slight inclination of the occipital face, evi-
dent in lateral view, is an artifact of the taphonomic deforma-
tion of the skull. The occipital foramen is circular in occipital
view, and a sagittal crest is evident on the basilar process of
the basioccipital view. Only the M3s are preserved, but they
are rather worn. Remarkable characters are the presence of a
small crista and a crochet. These latter features are evident
on the M3s of AMNH 19777 (Colbert, 1935:fig. 78). Colbert
(1935:fig. 78) referred three specimens to Coelodonta platyrhi-
nus: AMNH 19777, 19875, and 19822. The specimens AMNH
19777 and AMNH 19875 share several characters with
NHMUK 36661, such as a closed medifossette on M1 and M2
with accessory folds, backward protoloph and metaloph on
M2, and a protocone constriction on M1. The length of the
molar row of AMNH 19777 (M1–M3 D 175 mm) is slightly
shorter than that of NHMUK 36661, but it is longer than those
of several Eurasian species (Table S2). The specimen AMNH
19822 is represented by deciduous teeth, and certain attribu-
tion to R. platyrhinus appears doubtful.

 FIGURE 4. Rhinoceros platyrhinus from Upper Siwaliks, Yamuna River, northern India. A–F, skull NHMUK 36661. A, lateral view; B, ventral
view of basicranium; C, lateral view of occipital area; D, occipital view; E, occlusal view of left tooth row; F, occlusal view of right tooth row; G, H,
fragment of skull NHMUK 39628 ( D NHMUK M2731). G, lateral view, H, occipital view; I, fragment of skull NHMUK 39643 in lateral view; L, M,
fragment of skull NHMUK 36662. L, lateral view; M, occlusal view of right tooth row. The specimen NHMUK 36662, belonging to the type material
of R. platyrhinus, is here referred to Rhinoceros sivalensis. All scale bars equal 10 cm.
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Geometric Morphometrics

Cranial Shape Variation—The first five principal components
of the bgPCA performed on the skulls, explain 97% of total
shape variance. Figure 5A shows the relationship between
PC1 (75.46% of the total shape variance explained) and PC2
(11.33% of the total shape variance). In Figure 5B, we show
the plot between PC1 and PC3 (the latter corresponding to
5.13% of the total shape variance). Positive PC1 values are
associated with a short skull having a short upper tooth row,
starting at the level of the nasal notch, short nuchal crest, a
strongly concave dorsal profile, a long zygomatic arch, and an

anterior border of the orbit close to the posterior end of the
nasal notch. This cranial morphology is Rhinoceros-like. Nega-
tive PC1 values are associated with a long skull, having a long
upper tooth row, starting rostrally with respect to the nasal
notch, a long nuchal crest, a slightly concave dorsal profile, a
shorter zygomatic arch, and an anterior border of the orbit
less close to the nasal notch. This morphological arrangement
is typical of Coelodonta-Stephanorhinus.
At positive PC2 values, the skull is long, with a slightly con-

cave dorsal profile, the orbit close to the nasal notch, a long zygo-
matic arch, a moderately long nuchal crest, and a long upper
tooth row, starting anteriorly relative to the nasal notch.

FIGURE 5. A between-group principal component analysis performed on the skulls in lateral view. A, relationship between PC1 and PC2; B, rela-
tionship between PC1 and PC3. The white arrows indicate the position of Rhinoceros platyrhinus in the morphospace.
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Negative PC2 values reflect a skull that is slightly longer, having
a concave dorsal profile, an orbit less close to the nasal notch, a
moderately long nuchal crest, a shorter zygomatic arch, and a
shorter upper tooth row, starting at the height of the nasal notch.
A low skull with a moderately concave profile, slender zygo-

matic arch, and a long tooth row is associated with positive PC3
values. The skull is high and has a moderate concave profile, long
tooth row, a more massive zygomatic arch, and an anterior border
of the orbit close to the nasal notch at negative PC3 values.
In summary, extant Rhinoceros spp. and Dicerorhinus are

mostly associated with positive PC1 values, whereas Eurasian
Plio-Pleistocene rhinoceroses occur primarily at negative PC1
values. Coelodonta antiquitatis and S. hemitoechus lie at extreme
negative PC1 values. Rhinoceros platyrhinus lies close to R. uni-
cornis at positive PC1 values in the morphospace of skulls.

Tooth Shape Variation—The first eight principal components
of the bgPCA, performed on the upper tooth rows in lateral
view, explain 97.9% of total shape variance. Figure 6A shows
the relationship between PC1 (50.84% of the total dental shape
variance) and PC2 (19.62% of the total dental shape variance),
and Figure 6B that between PC1 and PC3 (the latter corre-
sponding to 11.77% of the total dental shape variation). At posi-
tive PC1 values, the upper tooth row is grazer-like, slightly
labially convex, bearing squared premolars and molars, and has
a large M3. At negative PC1 values, the upper tooth row is saw-
like, typical of browsers, with a small M3, and a concave poste-
rior profile of the ectoloph. Positive PC2 values are associated
with a labially convex upper tooth row having a saw-like profile,
small M3, and a paracone fold protruding labially, whereas neg-
ative PC2 values are associated with an almost straight upper

FIGURE 6. A between-group principal component analysis performed on the upper teeth in occlusal view.A, relationship between PC1 and PC2;
B, relationship between PC1 and PC3. The white arrows indicate the position of Rhinoceros platyrhinus in the morphospace.
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tooth row with a less pronounced saw-like profile, a large M3,
and a less labially prominent paracone fold.
An upper tooth row with a saw-like profile, a large M3, and

a paracone fold protruding labially corresponds to positive
PC3 values. An upper tooth row having a less pronounced
saw-like profile, a small M3, and concave posterior profile of
the ectoloph corresponds to negative PC3 values.
In summary, the Pleistocene Eurasian grazer C. antiquitatis

varies mainly along positive PC1 values, whereas the extant R.
sondaicus varies mainly along negative PC1 values, along with
S. etruscus. The extant D. sumatrensis lies at the positive PC2
values of the morphospace, whereas R. unicornis lies at the
negative PC2 values of the morphospace, along with S. hund-
sheimensis. Rhinoceros platyrhinus lies close to Rhinoceros
spp. in the morphospace at low negative PC1 values and nega-
tive PC2 values, but is separated from other rhinocerotine
taxa at negative PC3 values.

Cluster Analysis

In the UPGMA dendrogram of averaged cranial shape simi-
larities (Figure 7A), R. platyrhinus clusters with R. unicornis and
the other two extant Asian rhinoceroses, R. sondaicus and D.
sumatrensis. Plio-Pleistocene rhinoceroses cluster together, indi-
cating similar morphology. The grazer C. antiquitatis lies close to
the mixed feeder S. hemitoechus. All these taxa are well sepa-
rated from Rhinoceros spp. In contrast, when considering the
averaged upper tooth row shape values per species (Fig. 7B), R.
platyrhinus shows a much more grazer-like morphology than
extant R. unicornis. Browser taxa cluster together, suggesting
similar tooth shape.
The boxplot computed for the CS (Fig. 8) shows that R. platyr-

hinus is the largest taxon among Plio-Pleistocene rhinoceroses.

DISCUSSION

Although Falconer and Cautley (1846) are historically consid-
ered as the authors who established several Rhinoceros species,
including Rhinoceros platyrhinus, they never provided a diagnosis
for this species and did not indicate a type (see Systematic

Paleontology). Several fragmentary rhinoceros specimens col-
lected from the Siwalik Hills have been reproduced inset into
Baker and Durand (in Murchison, 1867). Lydekker (1886) desig-
nated NHMUK 33662 and M2731 as the types of R. platyrhinus.
Matthew (1929) and Colbert (1935) considered a fragment of a
skull (NHMUK 36662 D NHMUK 33662) as the lectotype of R.
platyrhinus. Although these authors considered this specimen to
be the anterior portion of the skull of NHMUK M2731 (now
labeled as NHMUK 39628), these two specimens are in different
states of preservation, and it is unlikely that they pertain to the
same individual.
Moreover, within the type material, the specimens NHMUK

36662 and 39643 and the isolated M2 NHMUK 39641 resemble
R. unicornis or R. sivalensis, whereas they are morphologically
different from the cranium NHMUK 36661, the skull published
by Khan (1971), and the cranial fragment NHMUK 39628. The
latter is the only specimen within the type material indicated as
R. platyrhinus that does not display morphological traits similar
to those shown by R. unicornis or R. sivalensis.
The skull NHMUK 36661 was collected in 1860 and, despite its

almost perfect state of preservation, it has never been figured
and thoroughly described (Lydekker, 1881). Matthew (1929) and
Colbert (1935) erected it as a neotype for R. platyrhinus, but pro-
vided neither a description nor figures. This choice is in contrast
with ICZN rules (Article 75, 75.1) because the authors estab-
lished a lectotype as well. Nevertheless, the lectotype erected by
Matthew (1929) and Colbert (1935) can be referred to a different
taxon than R. platyrhinus on the basis of morphology. Therefore,
following Recommendation 75A and D of the ICZN code, the
specimen here described (NHMUK 36661) should be reconsid-
ered as a valid neotype.
Comparison with several specimens referred to different Eur-

asian Plio-Pleistocene genera clearly indicate that the skull
NHMUK 36661 cannot be attributed to Dicerorhinus, Coelo-
donta, or Stephanorhinus (Supplementary Data 1). This speci-
men shares many morphological characters with the genus
Rhinoceros and with some specimens considered as R. platyrhi-
nus by Falconer and Cautley (1846) and Colbert (1935). The lat-
ter species has been considered as belonging to a different genus,

FIGURE 7. UPGMA cluster analysis performed on the two samples.A, UPGMA cluster analysis of skulls in lateral view; B, UPGMA cluster analy-
sis performed on upper teeth in occlusal view.
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Punjabitherium, which appeared in a trichotomy withGaindathe-
rium and Rhinoceros in the phylogenetic relationships proposed
by Prothero and colleagues (1986:Fig. 4), and as sister taxon to
Rhinoceros in the cladogram proposed by Cerde~no (1995:
fig. 29). However, the detailed description here provided for
NHMUK 36661 and the comparison with several rhinocerotine
specimens suggest Punjabitherium as a junior synonym of Rhi-
noceros. The diagnostic characters listed by Khan (1971) do not
appear sufficient to support a certain attribution to R. platyrhinus
or to a different genus than Rhinoceros. The absence of a nasal
septum, the presence of a closed external auditory pseudomea-
tus, and the presence of two incisors and relatively high-crowned
teeth are evident in R. unicornis. Contrary to the diagnosis
reported by Khan (1971), R. platyrhinus does not have a back-
ward-leaning occipital face and the insertion of the frontal horn.
Crista and crochet are evident in both R. platyrhinus and R. uni-
cornis. In addition, when exploring the cranial morphology, R.
platyrhinus is separated from all other rhinocerotine taxa and
lies close to R. unicornis at positive PC1 and PC2 values in the
cranial morphospace (Fig. 5A). A phenogram of morphological
similarities of the skull confirms R. platyrhinus as having a simi-
lar cranial shape to R. unicornis and other extant Asian rhinocer-
oses (Fig. 7A). Tooth shape analysis reveals that R. platyrhinus is
much more distinctly a grazer than R. unicornis (Fig. 7B). How-
ever, R. platyrhinus would appear separated from Rhinoceros
spp. at negative PC3 values (Fig. 6B), even if PC3 explains little
variance. Unfortunately, it is impossible to investigate if any
shape differences of R. platyrhinus occur with other rhinocero-
tines using a multivariate analysis of variance because there is
only one skull of R. platyrhinus in the data set.
The results mentioned above support R. platyrhinus as being a

valid taxon, pertaining to Rhinoceros, and most likely sister to R.
unicornis.
Rhinoceros unicornis and R. platyrhinus co-occurred during

the Pleistocene in the southern Himalayas (Upper Siwaliks).
This is not unusual among rhinocerotids; the coexistence of two
congeneric species of Rhinoceros has been reported in several
Middle and Late Pleistocene localities of southeastern Asia (R.
unicornis and R. sondaicus; Antoine, 2012, and references
therein). The coexistence of these two latter species may have
been possible because of different specializations in diet (Schen-
kel and Schenkel-Hulliger, 1969; Gu�erin, 1980; Laurie, 1982;
Groves and Leslie, 2011, and references therein). The major dif-
ferences between R. unicornis and R. sondaicus are indeed

evident in the teeth, whereas the morphology of the skull is
rather similar (Figs. S1–S2; Gu�erin, 1980). The dental morphol-
ogy of R. platyrhinus resembles that of R. unicornis, and the two
species differ in the inclination of the occipital face, in the posi-
tion of the occipital condyles, and in skull size (Fig. S1;
Table S2). The orbit is placed posteriorly, and the nasal notch is
situated in a more anterior position in R. platyrhinus than in R.
unicornis. These features of Rhinocerotidae that evolved sub-
hypsodont or hypsodont teeth (Antoine, 2002), are generally
related to siliceous and more abrasive food (e.g., Coelodonta and
Ceratotherium; Gu�erin, 1980). Morphological changes can be
driven by several selective pressures. Upper tooth morphology
could have been driven more by ecological adaptation than by
shared ancestry, whereas cranial shape change is much more
phylogenetically constrained (Piras et al., 2010). Recent findings
suggest that teeth are the most evolutionarily labile structures in
the crania of Plio-Pleistocene Rhinocerotini in response to die-
tary regime, as also suggested by the lowest RV values (a metric
comparison of covariation between sets of shape variables)
found in the morphological integration between the cranial
shape in lateral view and upper teeth shape in occlusal view
(Piras et al., 2010; Raia et al., 2010).

CONCLUSIONS

Rhinoceros platyrhinus is the largest and one of the rarest rhi-
nocerotine species of the Eurasian Pleistocene. Morphological
comparisons and geometric morphometrics show that the skull
NHMUK 36661 can be referred to R. platyrhinus. New detailed
morphological characters are here provided for this species. In
addition, comparison with the type material reveals that several
specimens previously referred to R. platyrhinus, including the
lectotype, can be referred to other Rhinoceros species such as R.
unicornis and R. sivalensis, or have uncertain specific status (Rhi-
noceros sp.). We suggest that the generic name Punjabitherium
erected for R. platyrhinus represents a junior synonym of Rhi-
noceros due to the morphological affinities of NHMUK 36661
with the type species, R. unicornis. The morphological investiga-
tion of this specimen adds new data to the evolutionary scenario
of the genus Rhinoceros in Eurasia. As recently suggested (Singh
et al., 2012, 2014), several sub-basins situated south of the Hima-
layas were characterized by a progressive increase in aridity
from ca. 12 Ma to Recent (Singh et al., 2012, 2014). This envi-
ronmental change could have affected the dietary regime of R.

FIGURE 8. Size variation (CS) of skulls of the Plio-Pleistocene Eurasian rhinocerotines. Black arrow indicates Rhinoceros platyrhinus.
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platyrhinus towards a more grazer-like diet. Further data are
needed to better test this hypothesis.
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