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ABSTRACT: A recent expedition in the Potwar Plateau of Pakistan has yielded dental material of three rhinocerotid species
Chilotherium intermedium, Alicornops complanatum, and Brachypotherium perimense. The material came from the Nagri and Dhok
Pathan formations of the Middle Siwalik Subgroup in Punjab, Pakistan. These specimens are good addition to provide additional
morphological characters that show information about the variations in dental characters of theese already recorded species and
contribute to recent work on Rhinocerotidae from the Middle Siwalik Subgroup of Pakistan. The studied remains of these three
rhinocerotids species whose remains are relatively low in the Middle Siwaliks are good paleontological contribution with some
more detailed work suggested here to understand about these genera. Presence of these Siwalik rhinocerotids indicates diverse

habitats from forest to savanna environments.
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INTRODUCTION

The Perissodactyla (Equidae, Chalicotheriidae and
Rhinocerotidae) roamed in the fauna of the Sulaiman
Range, Bugti Hills and the Siwalik Group during the Mio-
Pleistocene (Antoine et al., 2003a, 2013; Flynn et al.,
2013, 2016; Bibi and Métais, 2016). Among
perissodactyls, rhinocerotids are commonly occurring
and existing throughout the Neogene sediments of the
entire region after equids (Heissig, 1972). The
rhinocerotids are represented by many genera and species
in South Asia, and quite well-diverse in the structure of
nature (Lydekker, 1881; Colbert, 1935; Heissig, 1972;
Khan A.M., 2009; Antoine et al., 2013; Rafeh et al.,
2020). The Miocene was a time of maximum species
richness and ecological diversity for Rhinocerotidae. It
was also a time of evolutionary change, driven partly by
changes in the physical and biotic environment and partly
by palacogeographic changes (Bernor et al., 1996;
Fortelius et al., 1996).

Rhinocerotids are represented by many genera and
species in the Siwalik Group that include;
Brachypotherium  perimense,  B.  fatehjangense
Aceratherium sp., Gaindatherium browni, G. vidali,
Caementodon oettingenae, Rhinoceros aff. sondaicus,
Alicornops sp., A. complanatum, A. laogouense,
Chilotherium intermedium, Ch. blanfordi, Rhinoceros
sivalensis, R. kendengindicus and Punjabitherium
platyrhinus (Heissig, 1972; Welcomme et al., 1997, 1999,
2001; Welcomme and Ginsburg, 1997; Marivaux et al.,
1999; Antoine and Welcomme, 2000; Antoine et al.,

2003a; Khan A.M., 2009; Khan M.A. et al., 2009, 2012,
2014; Khan A.M. et al., 2010, 2011, 2012, 2013: Rafeh
etal., 2019, 2020).

The systematics of the Siwalik Chilotherium has been
discussed by Matthew (1929), Colbert (1935), Heissig
(1972, 1975, 1989) and Deng (2006a, b), and it is,
however, little understood mainly because of the limited
samples. For example, the status of Chilotherium
intermedium complanatum described by Heissig (1972)
from the Dhok Pathan Formation has been revised by
Antoine (2003) on the basis of cladistic analysis and this
species is now placed in the genus Alicornops as
Alicornops complanatum. Colbert (1935) proposed that
Chilotherium intermedium is a dominant species in the
Middle Siwalik and tagged many specimens housed in the
American Museum of Natural History, New York to this
species. Heissig (1975) erected the subgenus
Subchilotherim intermedium intermedium for the Siwalik
subspecies, Chilotherium intermedium intermedium, and
later, it was ranked to the genus (Heissig, 1989). Recently,
Khan A.M. et al. (2011) considered that Subchilotherium
intermedium intermedium 1is a junior synonym of
Chilotherium intermedium.

Alicornops is well known rhinocerotid of the Eurasian
middle and late Miocene (Cerdefio and Sanchez, 2000).
The type species A. simorrense (Lartet, 1851) has been
recovered from the middle Miocene of Turkey (Heissig,
1976), France (Ginsburg and Guérin, 1979) and Poland
(Kubiak, 1981), the late Miocene of Moldova (Lungu,
1984), Romania (Codrea, 1992, 1996) and Spain
(Cerdefio and Sanchez, 2000). Another species, A.
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alfambrense (European), was described from the late
Miocene of, France, Germany and Spain (Cerdefio and
Alcala, 1989; Cerdefio, 1995, 1997; Cerdefio and Sanchez,
2000). In Pakistan, Alicornops complanatum was
documented by Antoine et al. (2003b) in the late Miocene
of Sartaaf (Bugti hills, Baluchistan), on the basis of the
subspecies C. intermedium complanatum Heissig, 1972.
This locality has been correlated with the Dhok Pathan
Formation of the Middle Siwaliks (Pilbeam et al., 1996).
Another Asian species of Alicornops is A. laogouense
Deng, 2004, described in Laogou, Linxia Basin, Gansu,
China (Deng, 2004), and later by Khan A.M. et al. (2013)
from Dhok Pathan Formation of Pakistan.

The genus Brachypotherium is an extinct rhinocerotid
which has been found mostly from the Miocene deposits in
Africa and Eurasia (Colbert, 1935; Guérin, 1980; Heissig,
1999; Geraads, 2010). In Europe, Brachypotherium has
been well documented (Heissig, 1996, 1999; Becker et al.,
2009). Fossil remains of the genus Brachypotherium were
described by many researchers in the Siwaliks (Miocene)
of northern Pakistan. Falconer and Cautley (1847) gave the
genus name Aceratherium and species Rhinoceros
(Aceratherium?)  perimensis ~ for  the  species
Brachypotherium perimense. Later on, Lydekker (1881),
Schlosser (1903), Pilgrim (1910, 1912), Colbert (1935),
Heissig (1972), Cerdefio and Hussain (1997), Antoine et al.
(2010), Antoine (2012), Khan A.M. et al. (2010, 2012), and
Igbal et al. (2013) discovered and analyzed the detailed
morphometric characters for correlation, evolution and
prediction of the paleoenvironment of the Siwaliks. More
recently, Rafeh er al. (2019, 2020) made a detailed
interspecific comparison of dental morphological features
along with comprehensive discussion on paleoecology of
this genus recovered from the Middle Miocene (Chinji
Formation) of the Lower Siwalik Subgroup.

Here, the dentitions of three rhinocerotid genera
Chilotherium, Alicornops and Brachypotherium are
reported. The remains of these Siwalik genera are still
poorly known, leaving a great hiatus in the anatomical
features of these genera.

Geology and Stratigraphy

Sethi Nagri. The Sethi Nagri village (Fig. 1) is
present at the boundaries of district Chakwal, province
Punjab (32°45'N, 72°14'E). The area in the vicinity of the
village is designated as the stratotype of the Nagri
Formation. It comprises sandstone with mud and
associated conglomerates. The sandstone is gray-green,
bluish gray, intermediate massive, cross-bedded and
coarse-grained. The sandstone color in many places
varies from reddish blue to dull red with deposition of salt
and limestone and moderate to weak cement. The reddish,
brown, pale orange-chocolate and grayish deposits vary
in each section by proportion indicated by the glacial or
sandy clay. The conglomerate bed has a diverse
composition and thickness in different areas, consisting
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gravel of schists, quartzite, and other granite rocks
(Pilgrim, 1913; Colbert, 1935; Barry et al., 2002, 2013).

Northern Kundal Nala. Kund is a small village (Lat.
32°45' N, Long. 72°20' E), located at 2.5 km northwest of
the Chinji village in Chakwal (Fig. 1). The area is
characterized by sandstone with mud and associated
conglomerates. In many places, the color of sandstone
varies from light to dark gray with the deposition of salt
and limestone, and moderate to weakly cement. The
proportion varies from section to section indicates that
there are sandy clay or glacial chocolate, brown, grayish,
reddish and pale orange deposits.

Dhok Pathan. The Dhok Pathan village (Lat. 33°07'N,
Long. 72°14'E) is in district Chakwal, Punjab, Pakistan
(Fig. 1). This Formation is characterized by sandstone
and loamy soil (Cotter, 1933). The sandstone is usually
gray, light gray, glossy white or reddish-brown and
occasionally rusty orange, yellow, greenish yellow,
grayish yellow, brown chocolate, limestone and sand.
The slight peeling of yellowish-brown sandstone is
common (Cheema et al., 1977). The Formation is
characterized by sandstone with discontinuous orange-
brown clays, scattered conglomerates in the lower part
and conglomerates with sandstone and clays in the upper
part (Cheema et al., 1977; Pilbeam et al., 1977; Barry et
al., 1982; Johnson et al., 1982).

Hasnot. Hasnot (Fig. 1) preserves a substantial fossil
record among the known Late Miocene-Early Pliocene
fossiliferous sites of the Siwalik Group (Pilbeam et al.,
1977; Barry et al., 2002). The Hasnot village (Lat.
32°49'N, Long. 73°07'E) is situated about 54 km west of
the Jhelum city in the Potwar Plateau, Punjab, Pakistan.
Lithologically, the paleosols belong to the alternation of
the sandstone by the clay blocks with occasional
conglomerates and an aggregate of conglomerates. The
sandstones contain orange-brown mud at the top (Barry et
al., 2002; Khan M.A. et al., 2013). These deposits are
characterized by fine, granular, riverine and sedimentary
environments (Barry and Flynn, 1990; Behrensmeyer et al.,
1995; Wills and Behrensmeyer, 1995; Barry et al., 2002).

Padhri. Padhri (32°52'N, 73°18'E) is present in the
northwest of Hasnot, Jhelum, Pakistan (Fig. 1). The
paleosols consist of light ash sandstones and orange-red
clay stones, and in the upper horizons, small
conglomerates are present (Barry et al., 2002).

MATERALS AND METHODS

A total of 12 isolated dental elements which
comprised 5 upper premolars, 3 upper molars, and 4
lower premolars.

Material collection and preparation

The rhinocerotid fossils were collected carefully from
the fossiliferous locations of districts Jhelum and Talagang
(Fig. 1). Various field visits were made for the fossil
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Fig. 1. Map showing the studied localities of Middle Siwalik Subgroup of Pakistan.

collection. The fossils were thoroughly washed and
cleaned in the laboratory with the help of fine needles and
brushes and prepared for the study. The damaged fossils
were assembled with adhesive material.

Cataloguing, measurements and dental terminology

The identifiable fossils from the gross collection were
catalogued and nominated for the taxonomic study. The
specimen inventory number consists of a yearly catalogue
number and serially catalogue number, so numbers on the
specimen represent collection year and serial number of
that year (e.g., PUPC 15/38). Upper case letters stand for
upper dentition and lower-case letters for lower dentition.
The measurements were taken occlusally with digital
calipers. The dental nomenclature follows Antoine ef al.
(2010, Fig. 3).

Abbreviations

M, upper molar; m, lower molar; P, upper premolar;
p, lower premolar; L, length; W, width; PUPC, Punjab
University Paleontological Collection, Lahore, Punjab,
Pakistan; NRRU-RIN (hereafter abbreviated as RIN),
Nakhon Ratchasima Rajabhat University, Nakhon
Ratchasima, Thailand.

RESULTS

SYSTEMATIC PALEONTOLOGY
Order Perissodactyla Owen, 1848
Family Rhinocerotidae Owen, 1845
Subfamily Rhinocerotinae Dollo, 1885
Tribe Aceratheriini Dollo, 1885
Genus Chilotherium Ringstrom, 1924

Chilotherium cf. intermedium (Lydekker, 1884)
Fig. 2

Diagnosis: A Chilotherium of medium size. Upper
incisor absent; cheek teeth hypsodont; parastyle fold
indistinct or lacking; protocone constricted; ectoloph
greatly elongated.The trigonid is angularly V-shaped. On
the lower molars the lingual and labial cingula are absent,
the hypolophid reclines backward, and the entoconid
have a flat lingual margin (Heissig, 1972).

Referred material. Upper dentition: PUPC 16/386,
partial right P2 (Dhok Pathan); PUPC 13/274, partial left
P3 (Dhok Pathan); PUPC 16/239, partial left M 1(Padhri);
PUPC 16/240, partial right M2 (Hasnot). Lower Dentition:
PUPC 13/277, left p2 (Dhok Pathan); PUPC 17/13,
partial p2 (Sethi Nagri).

Description: Upper dentition. The material contains
partial and well-preserved premolars and molars (Fig. 2
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Fig. 2. Chilotherium cf. intermedium. A-B. PUPC 16/386, right P2; C-E. PUPC 13/274, left P3; F-H. PUPC 16/239, left M1; I-K. PUPC
16/240, right M2; L. PUPC 17/13, partial p2; M-O. PUPC 13/277, left p2 with roots. A, C, F, I, L, M. Occlusal view, B, D, G, J, N. Lingual

view, E, H, K, O. Labial view.

A-0O). The P2 (PUPC 16/386, Fig. 2 A-B) is a worn tooth.
The tooth is too much worn that the height of crown is
minimum. Only mediofossette is present which is very
narrow and eye shaped. Protocone and hypocone are

well-preserved while metacone is only partially preserved.

The hypoloph is slightly pinched centrally. Roots are
partially preserved and united.

The P3 (PUPC 13/274, Fig. 2C-E) is in late wear and
heavily broken. The protocone is fully preserved,
hypocone is slightly broken, and para- and metacones are
partially preserved. The enamel of proto- and hypoconeis
partially preserved and mediofossette can be identified
easily. Roots are partially conserved.

PUPC 16/239 represents an M1 (Fig. 2F-H) that is
highly worn and due to heavy weathering, enamel of
proto- and paracone is almost completely lost, similarly
that of hypo- and metacone is partially lost. As a result of
heavy wear, protocone and hypocone are in contact
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resulting in partial closure of median valley. The
protocone is slightly constricted posteriorly and
hypocone is constricted anteriorly. The mediofossette is
broad and deep while postfossette is small and oval
shaped. Ectoloph is straight. Crista or cristella is absent.
A prominent crochet, and a small crista is also present.
Roots are partially preserved, lingual are united and labial
are separate.

PUPC 16/240 represents an isolate M2 (Fig. 21-K) that is
highly worn and partially broken, resulting is loss of some
part of proto- and hypocone (Fig. 21-K). Only a small
amount of crown is preserved which indicate that tooth
belongs to a very old individual. The protocone show
slight constriction at its posterior side while hypocone is
slightly more constricted anteriorly. Mediofossette is has
become very narrow due to wear while postfossette is
small, deep and compressed from lingual side. Crochet is
slightly developed. No Crista or cristella is present. Roots
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Table 1. The comparative measurements of the cheek teeth of
Chilotherium cf. intermedium, Alicornops complanatum and
Brachypotherium perimense. *Studied specimens. Referred
data taken from Khan A.M. et al. (2009, 2011, 2012) and Handa
et al. (2020).

Taxa /Number Position Length Width L/W
Chilotherium cf. intermedium
PUPC 16/386* rP2 24.04** 30.92** -
PUPC 17/16* rP3 50.58 - -
PUPC 13/274* IP3 42.74 46.55 0.64
PUPC 16/239* IM1 36.60 53.66 0.55
PUPC 16/240* rM2 4914 5241 0.73
PUPC 13/277* Ip2 37.00 18.69 0.55
PUPC 97/84 P2 31.0 42.0 1.35
PUPC 07/93 P3 41.00 49.00 0.83
PUPC 07/93 M1 60.00 71.0 0.84
PUPC 07/93 M2 64.20 72.0 0.89
PUPC 08/02 p2 35.00 29.50 0.11
Alicornops complanatum
PUPC 16/253* IP3 43.33 43.36 0.99
PUPC 16/241* IP4 36.20 31.60 1.14
PUPC 07/46 P3 42.00 46.0 0.91
PUPC 07/47 P4 37.80 46.20 0.81
Brachypotherium perimense
PUPC 13/276* rP4 5590 66.53 0.84
PUPC 14/216* rp2 30.17 20.71 0.45
PUPC 17/14* p3 44,08 30.71 143
PUPC 07/126 P4 61.5 60.0 0.98
NRRU-RIN 1220 P4 63.84 83.47 1.31
NRRU-RIN 395 P4 59.46 90.24 1.52
NRRU-RIN 1201 P4 57.84 63.81 1.10
NRRU-RIN 1228 P4 58.77 86.41 1.47
p2 33.54 21.31 0.64
NRRU-RIN 355 p3 50.65 26.20 0.52

are also preserved especially the root under the paracone.
Lingual roots are united while labial roots are separate.
Median valley is very narrow and pinched centrally.

Lower Dentition. The recovered material in the lower
dentition includes partial p2 (PUPC 17/13, Fig. 2L) and
well-preserved p2 (PUPC 13/277). PUPC 17/13
represents paraconid, and some part of preserved
paralophid, protoconid and metaconid. All structures are
highly worn. Roots are partially preserved (Fig. 2.L).
PUPC 13/277 is fully preserved(Fig. 2M-0O). It is in early
stage of wear, and brachydont. Paraconid is well-
developed with its very thin paralophid. Protoconid is
highest and pointed while metaconid is higher than the
paraconid, hypoconid and entoconid. Anterior valley is
small and narrow, sharply V-shaped while the posterior
valley is very broad and deep and elongate U-shaped.
Anterior cingulid is incipient lingually and transversely,
and more developed labially. Posterior cingulid is more
developed and is present almost in the center of
hypolophid. The entoconid has well-developed cristid
making it flat lingually. Ectolophid groove is also well-
developed. Anterior roots are less preserved and are
narrower than posterior one.

Hanif et al.: Siwalik Rhinoceros ¥

Comparison

The upper dentition has well-developed flat and broad
ectoloph and slightly constricted protocone. The present
material is comparable to Chilotherium intermedium
described by Colbert (1935) and figured by Matthew
(1929) from the Middle Siwaliks of Pakistan in having a
broad and flat ectoloph, a somewhat oblique protoloph
and metaloph, moderately strong crochet, absence of
crista or cristella and moderate constriction of protocone.
The upper dentition (PUPC 16/386, PUPC 13/274, PUPC
16/239 and PUPC 16/240) show strong affinities to the
typical Chilotherium intermedium in having slightly
constricted protocone, moderate crochet, and bulbous
hypocone in the upper molars. The lower dentition in the
present study has also close resemblance in morphology
to the juvenile dental material of C. intermedium
described by Colbert (1935) from the Middle Siwaliks,
characterizing V-shaped trigonid, absence of lingual and
labial cingulum, the backwardly reclining hypolophid and
flat lingual margin of the entoconid. This Siwalik fossil
material is rigorously identical morphometrically.
Consequently, the studied rhinocerotid material is
ascribed to Chilotherium cf. intermedium due to breakage
of'the specimens (Fig. 2, Table 1). As far as the specimens
referred to C. intermedium by Heissig (1972), most of the
material attributed to this species/subspecies (described
as Chilotherium intermedium complanatum) has been
reassessed and attributed to genus Alicornops as
described above. The specimens described by Khan A.M.
etal. (2011), PUPC 07/93, a right maxillary fragment with
P3-M3 (Fig. 2) can be partially compared with the studied
material, because our material is either fragmentary or
extremely worn. Both have large and flat ectoloph
prominent crochet and medio- and posterior fossette.

In general, Chilotherium intermedium can be
distinguished from C. blanfordi by its moderately
prominent parastyle fold and slight constriction of the
protocone  (Forster-Cooper  1934).  Chilotherium
intermedium shows some affinities with C. wimani
described by Deng (2001) from Fugu, Shanxi and Linxia
basin, China, in the presence of weakly constricted
protocone and unconstricted hypoconid, well-developed
parastyle fold and paracone ribs, weaker development of
crochet, and small antecrochet broad. However, C.
wimani differs greatly from C. intermedium due to low
crown and wavy labial wall in the upper cheek teeth. C.
intermedium differs from C. anderssoni from China in
having flat labial wall and the absence of the
mediofossette (Deng, 2006b). In the upper premolars of
C. anderssoni, the lingual cingulum is weak and
discontinuous, while in C. intermedium, the lingual
cingulum is well developed and continuous in the upper
premolars. In upper molars of C. anderssoni, the lingual
cingulum and the crista are completely absent, and the
antecrochet is large enough to fill the whole median
valley (Deng, 2006b). The presence of a prominent crista,
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Paracone fold

Mediofossette
Crochet
Anterior cingulum:

Protocone

10 mm

Fig. 3. Alicornops complanatum A-C. PUPC 16/253, P3 and D-E.
A, D, F. Occlusal views, B, G, E. Lingual views, C, H. Labial views.

a well-developed crochet, a moderate antecrochet and a
lingual bridge between the protoloph and ectometaloph of
third upper molar in the Siwalik specimens distinguish
them from C. anderssoni (Khan A.M. et al., 2011).
Chilotherium intermedium upper dentition markedly
differs from C. licenti Sun, Li, and Deng, 2018 (Fig. 2) in
terms of much reduced constriction of the protocone as
this structure is very pronounced in the C. licenti antero-
posteriorly. Moreover, the mediofossette, crochet and
median valley are broader and more pronounced in C.
licenti as compared to C. intermedium.

Tribe Rhinocerotini Gray, 1821
Genus Alicornops Ginsburg and Guérin, 1979
Alicornops complanatum (Heissig, 1972)
Fig. 3
Diagnosis: Alicornops differing from the type species
by the presence of a sometimes double crochet in P2-P4,
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Median valley
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PUPC 16/241, partial right P4; F-H. PUPC 17/16, partial right P4.

mesostyle in D2, simple paralophid in d2; I1 absent;
absence of antecrochet in P2-P3, of median fossette in P3-
P4, of crista in P3 and upper molars; labial cingulum of
lower premolars reduced; usual absence of antecrochet in
P4; usual presence of lingual cingulum in upper molars;
and small dimensions of p2 and d1. (Antoine et al., 2003b).
Referred material. PUPC 16/253, left P3 (Northern
Kundal Nala), PUPC 16/241, partial right P4 (Hasnot);
PUPC 17/16, partial right P4 (Dhok Pathan).
Description: The P3 (PUPC 16/253; Fig. 3A-C)
reflects well-preserved cusps. The anterior cingulum is
heavy and thick whereas the posterior cingulum is thick,
covering the postfossette. The mediofossette is broad and
deep. The protocone constriction is weak. A well developed
crochet blocks the median valley. The postfossette is open
posteriorly. The median valley has a small tubercle. The
parastyle and paracone fold are well-developed whereas the
mesostyle and metastyle are less developed. The ectoloph is
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Fig. 4. Bivariate showing size variations of the cheek teeth of Chilotherium cf. intermedium, Alicornops complanatum and
Brachypotherium perimense. *Studied specimens. Referred data taken from Khan et al. (2009, 2011, 2012) and Handa et al. (2020).

large and broad (Fig. 3A-C). The P4 (PUPC 16/241) is a
partial tooth with lingual heavy cingulum, protocone,
mediofossette, strong crochet, moderately deep median, and
moderately developed postfossette (Fig. 3D-E).

PUPC 17/16, P4, is highly worn and lingual cusps are
totally missing. Paracone, parastyle, paracone fold,
metacone, metastyle and crochet are completely
preserved. The crochet is extremely long and thick.
Traces of cement are present on the labial surface. Enamel
is whitish (Fig. 3F-H).

Comparison
The described upper premolars have hardly constricted
protocone, projecting parastyle, well-pronounced

anteroposterior and lingual cingula, different width of the
proto- and metaloph, triangular postfossette, and very
large and thick crochet. The lingual faces of the protocone
and hypocone are alike in the P3 of PUPC 16/253 and
PUPC 17/16. These specimens from the Nagri and Dhok
Pathan formations show similarities in the characters
described above with the dentition of Chilotherium
intermedium complanatum (= Alicornops complanatum
after Antoine ef al., 2003b) described by Heissig (1972),
hence, the material is assigned to A. complanatum. The
metric values have been provided in Table 1 and a
bivariate graph (Fig. 4) covers the size variations of the
rhinocerotids.
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Fig. 5. Brachypotherium perimense. A-C. PUPC 13/276, right P4;

Occlusal views, B, E, H. Lingual views, C, F, |. Labial views.

Tribe Rhinocerotini Gray, 1821
Subtribe Teloceratina Roger, 1902
Genus Brachypotherium Roger, 1904

Brachypotherium perimense (Falconer and Cautrey,
1847) Fig. 5

Diagnosis: A rhinoceros of gigantic size with
hypsodont teeth. Upper incisor present and well
developed. Nasals shorter and hornless. Upper premolars
molariform with strong convex outer wall. Molars with
moderately developed crochet, weaker antecrochet and
rudimentary crista. Upper molars with weak constriction
of the inner cusp. Protocone somewhat constricted.
Lower molars narrow and compressed and almost without
labial groove. Cingula reduced and short (Heissig, 1972).

Referred material. PUPC 13/276 right P4 (Dhok
Pathan); PUPC 14/216, right p2 (Sethi Nagri); PUPC
17/14, right p3 (Sethi Nagri).

Description: The P4 (PUPC 13/276, Fig. 5A-C) is in
early wear. The cusps are oriented posteriorly. The apices
of protocone and hypocone are thin, and protocone show
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H

D-F. PUPC 14/216, right p2; G-l. PUPC 17/14, right p3. A, D, G.

a slight constriction. The paracone with its parastyle is
smaller and more worn than the metacone and metastyle.
The hypocone and metacone are more elevated than the
protocone and paracone. The paracone fold is heavier
than the metacone fold. The mediofossette is deeper and
smaller than the postfossette. Crochet is visible. The
anterior cingulum is heavy and flanked, covering the
tooth antero-transversely. The posterior cingulum is thin.
The median valley is deep and U-shaped and is blocked
by tubercle corresponding to lingual cingulum (Fig. 5B).
The p2 (PUPC 14/216, Fig. 5D-F) is heavily worn. The
paraconid and paralophid are small whereas other cusps
are more developed. The anterior valley is small and
narrow whereas the posterior valley is broad, tending to
U-shaped. The anterior cingulid is incipient lingu-
transversely. The ectolophid groove is well-developed
and deep. Hypolophid is very compressed anteriorly due
to contact with third premolar. Roots are well-preserved,
anterior roots are slightly smaller. The p3 (PUPC 17/14,
Fig. 5G-I) is well preserved and moderately worn. Tooth
possesses all typical features of premolar like all lophids,
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cusps, and both valleys. The anterior valley is small
whereas the posterior valley is broad, moderately deep
and U-shaped. A small metastylid (like spur) is present.
The ectolophid groove is narrow and shallow. The
cingulid is present postero-labially at hypoconid.

Comparison

The present material collected from the Nagri and
Dhok Pathan formations include only premolars. These are
similar to Brachypotherium perimense described by
Colbert (1935) and Heissig (1972) in having constricted
protocone, well developed anterior cingulum and well-
developed paracone fold (characteristic feature of
Brachypotherium according to Colbert, 1935), and
moderately developed crochet. The lower premolar in the
present collection is very much similar to those described
by West et al. (1978) in having well developed anterior
cingulum, presence of tubercles corresponding to lingual
cingulum, V-shaped valley present between entoconid and
metaconid, and well developed metalophid and hypolophid
(Fig. 4). The specimens in the present study are comparable
to B. perimense described by Cerdefio and Hussain (1997)
from the Manchar Formation in Sindh. According to them,
the lower teeth in B. perimense have smooth
external/ectolophid groove in buccal wall. Recently, Rafeh
et al. (2020) describe some Brachypotherium remains from
Chinji Formation (Lower Siwaliks), but none of the
material described by them as B. perimensis is comparable
to described specimens because they have described M3 in
upper dentition and p4-m3 in lower dentition. However, we
can compare P4 (PUPC 13/276) in our specimens with the
PUPCO07/170 described as P4 of B. fatehjangense.
PUPC07/170 is smaller (51.8 mm in length) than our
specimen (55.90 mm), the crochet is less developed and
median valley is smaller. The specimens described by
Khan AM. et al. (2010) as B. fatehjangense are mostly
broken, and picture quality is poor, hence, no comparison
can be made. Similarly, the teeth in the specimen (PUPC
69/680, a fragment of left maxilla having P4-M1-3),
described by Igbal et al. (2013) are too weathered and
deformed. However, from the provided description, the P4
in PUPC 69/680 of Igbal et al. (2013) show similar
characters like PUPC 13/276 in having hypsodonty, rather
flat and long ectolophid, well-developed parastyle and
paracone fold, and somewhat constricted protocone.

DISCUSSION

Since the establishment of the genus Chilotherium by
Ringstrom (1924), 19 other species have been referred and
assigned to this genus (Deng, 2006a). Geologically, C.
intermedium has a long range and persistence with a
medium-sized body bovid community and appeared in the
Chinji Formation through the Middle Siwaliks, while C.
blanfordi appeared in the Bugti beds and disappeared in the
Middle Siwaliks (Colbert, 1935). The palacomagnetic

Hanif et al.: Siwalik Rhinoceros

&2
&

dating indicates that C. intermedium remained in the
Siwaliks from 16.3 Ma to 7.6 Ma (Flynn et al., 1995).

Alicornops is one of the rarest reported genera of
Rhinocerotidae in the Siwaliks. This genus is recognized
by the two species from the Siwaliks of Pakistan. A.
complanatum is identified from the Late Miocene of
Dhok Pathan Formation whereas A. laogouens from late
early Miocene to the Middle Miocene of Kamlial
Formation (Khan A.M., 2009; Khan A.M. et al., 2013).
The occurrence of A. complanatum in the Potwar plateau
of Siwaliks extends its geographic distribution in Pakistan,
previously reported from the Late Miocene of Sartaaf,
Bugti hills, Baluchistan (Antoine et al., 2003b). The
absence of Alicornops in the Chinji and Nagri formations
might be due to its scarce fossil record, as other
rhinocerotids are recognized from Kamlial to Dhok
Pathan formations (Khan A.M. et al., 2013). The early
Late Miocene fauna of the Siwaliks bearing Alicornops
also have Pachyportax, Selenoportax and Gazella with
hipparionines (Khan A.M. et al., 2013). Species richness
decline in the Late Miocene and there were
disappearances of many species including Alicornops,
around 3.7 Ma. in Tatrot Formation (Pilbeam et al., 1996;
Barry et al., 2002). Antoine et al. (2003b), based on
phylogenetic studies, considered 4. complanatum as the
sister group of the type species 4. simorrense, both
included within the subtribe Aceratheriina, while
Chilotherium intermedium belongs to Teleoceratina.

The first hypsodont rhinoceros appeared in the late Early
Miocene (Antoine ef al., 2003a), and the Late Miocene saw
the radiation of forms adapted to increasingly open habitats,
evidently by increasing body size and hypsodonty (Khan
AM.etal., 2011, 2013). This trend was particularly marked
in Asia, and the rhinoceros communities of the Late Miocene,
represent some of the westernmost occurrences of typical
Asian taxa, especially Aceratheriini of the Chilotherium
clade (Geraads and Sarag, 2003).

The diversity of Siwalik rhinoceroses is clearly
dependent on climatic conditions. The change in climatic
conditions has resulted in shrinkage and growing of dry
and wet areas and their special vegetation (Heissig, 2003).
The hypsodonty and brachydonty are also directly related
to species environment. The hypsodont species could eat
coarse grasses, so lived in open habitat where
environmental conditions are intermediate (Lacombat,
2005). The high crowned genera i.e., Chilotherium and
Brachypotherium are abundant in those areas of Chinji,
Nagri and Dhok Pathan formations where the climatic
conditions are intermediate. In the Nagri Formation, B.
perimense is most common in times of transition and rare
during most humid and most arid times (Heissig, 2003).
Colbert (1935) recognized B. perimense in the Chinji,
Nagri and Dhok Pathan formations while Heissig (1972)
indicated that this species is also found in rocks of the
Kamlial Formation. West et al. (1978) described lower
dentition of B. perimense from the Dang valley in Nepal.
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During the Late Miocene-Early Pliocene of the
Siwaliks, based on the faunal studies (Heissig, 1972;
Bernor and Hussain, 1985; Pilbeam et al., 1996; Kaiser et
al., 2000; Barry ef al.,, 2002; Badgley et al., 2005; Khan
AM. et al., 2010, 2011, 2012, 2013; Wolf et al., 2013), it
can be inferred that there was better-vegetated and
considerably more humid environment than it is today in
the Siwalik Group. Drier and open habitats are assessed by
the presence of associated fauna like bovid taxa,
Pachyportax, Selenoportax and Gazella along with
rhinocerotids in the studied localities. In Miocene of the
Siwaliks, Alicornops, Chilotherium and Brachypotherium
lived together with Gaindatherium in open woodland with
associated lakes and swamps (Khan A.M. et al., 2010,
2011, 2012, 2013). Brachypotherium is a conservative and
long-lived genus with a wide geographic range in western
Eurasia (Heissig, 1996). It is one of several rhinoceros’
lineages to develop short legs and relatively high crowned
teeth, but its paleoecology remains enigmatic. A
hippopotamus-like life-style is possible, but this suggestion
lacks direct support. Judging by dental wear, the animal
seems to have been a mixed feeder (Fortelius, 1990;
Fortelius and Solounias, 2000). Brachypotherium, like
other elasmotherines, were the earliest hypsodont
rhinoceroses in the Old World, and show grazer like dental
wear (Fortelius, 1990). They were also relatively cursorial
animals that first evolved in the open habitats that were
beginning to appear in central Asia (Bernor ef al., 1996).

CONCLUSIONS

Chilotherium, Alicornops and Brachypotherium
present simultaneously in the Late Miocene-Early
Pliocene of the Middle Siwalik Subgroup of Pakistan.
The specimens are typical of the early Late Miocene to
Early Pliocene age. Occurrence of these rhinocerotid
genera with allied fauna in the Middle Siwalik Subgroup
suggests a diversity of environment, indicating
woodlands, shrubs and savannah in the Late Miocene-
Early Pliocene of the Siwaliks.

ACKNOWLEDGMENTS

This work was supported by the Department of Zoology,
Wildlife and Fisheries, University of Agriculture, Faisalabad,
Pakistan and Institute of Zoology, University of the Punjab,
Lahore, Pakistan.

LITERATURE CITED

Antoine, P.O. 2003 Middle Miocene Elasmotheriine
Rhinocerotidae from China and Mongolia: taxonomic
revision and phylogenetic relationships. Zool. Scrip. 32(2):
95-118.

Antoine, P.O. 2012 Pleistocene and Holocene rhinocerotids

(Mammalia, Perissodactyla) from the Indochinese Peninsula.

Comptes Rendus Palevol. 11(2-3): 159-168.

214

Taiwania

Vol. 68, No. 2

Antoine, P.O., Downing, K.F., Crochet, J.Y., Duranthon, F.,
Flynn, L.J., Marivaux, L., Metais, G., Rajpar, A.R.,
Roohi, G. 2010 A revision of Aceratherium blanfordi
Lydekker, 1884 (Mammalia: Rhinocerotidae) from the early
Miocene of Pakistan: postcranials as a key. Zool. J. Linnean
Soc. 160(1): 139-194.

Antoine, P.O., Ducrocq, S., Marivaux, L., Chaimanee, Y.,
Crochet, J.Y., Jaeger, J.J., Welcomme, J.L. 2003a Early
rhinocerotids (Mammalia: Perissodactyla) from South Asia
and a review of the Holarctic Paleogene Rhinocerotid record.
Canadian J. Earth Sci. 40(3): 365-374.

Antoine, P.O., Duranthon, F., Welcomme, J.L. 2003b.
Alicornops (Mammalia, Rhinocerotidae) dans le Miocéne
supérieur des collines Bugti (Balouchistan, Pakistan):
Implications phylogénétiques. Geodiversitas. 25: 575-603.

Antoine, P.O., Métais, G., Orliac, M.Y., Crochet, J.Y., Flynn,
L.J., Marivaux, L., Rajpar, A.R., Roohi, G., Welcomme,
J.L. 2013 Mammalian Neogene biostratigraphy of the
Sulaiman Province, Pakistan. In: Wang, X., Flynn, L.J.,
Fortelius, M. (eds.), Fossil Mammals of Asia; Neogene
biostratigraphy and chronology, 400-422. Columbia
University Press, New York.

Antoine, P.O., Welcomme, J.L. 2000 A new rhinoceros from
the Lower Miocene of the Bugti Hills, Baluchistan, Pakistan:
the earliest Elasmotheriine. Palacontology 43(5): 795-816.

Badgley, C., Nelson, S., Barry, J.C., Behrensmeyer, A.K.,
Cerling, T. 2005 Testing models of faunal turnover with
Neogene mammals from Pakistan. In: Lieberman, D.E.,
Smith, R.J., Kelley, J. (eds.) Interpreting the Past: Essays on
human, primate, and mammal evolution. Brill Acad. Pub.
Boston. 29-46.

Barry, J.C., Behrensmeyer, A.K., Badgley, C.E., Flynn, L.J.,
Peltonen, H., Cheema, 1.U., Pilbeam, D., Lindsay, E.H.,
Raza, S.M., Rajpar, A.R., Morgan, MLE. 2013 The
Neogene Siwaliks of the Potwar Plateau, Pakistan. In: Wang,
X., Flynn, L., Fortelius, J.M. (eds.) Fossil Mammals of Asia:
Neogene Dbiostratigraphy and chronology Coloumbia
University Press, New York, USA. 373-399.

Barry, J.C., Flynn, L.J. 1990 Key biostratigraphic events in
the Siwalik sequence. In: Lind-Say, E.H., Fahlbusch, V.,
Mein, P. (eds.) European Neogene Mammal chronology:
NATO ASI Series (Series A: Life Sciences), Springer,
Boston. 180: 557-571.

Barry, J.C., Lindsay, E.H., Jacobs, L.L. 1982 A
biostratigraphic zonation of the Middle and Upper Siwaliks
of the Potwar Plateau of northern Pakistan. Palacogeogr.
Palacoclimatol. Palacoecol. 37(1): 95-130.

Barry, J.C., Morgan, M.E., Flynn, L.J., Pilbeam, D.,
Behrensmeyer, A K., Raza, S.1., Badgley, C., Hicks, J., Klley,
J. 2002 Faunal and environmental change in the Late Miocene
Siwaliks of northern Pakistan. Palacobiology. 28: 1-72.

Becker, D., Biirgin, T., Oberli, U., Scherler, L. 2009
Diaceratherium  lemanense  (Rhinocerotidae)  from
Eschenbach (eastern Switzerland): systematics,
palacoecology, palacobiogeography. Neues. Jahr. Geol.
Palacontol. Abh. 254(1-2): 5-39.

Behrensmeyer, A.K., Willis, B.J., Quade, J. 1995 Floodplains
and paleosols of Pakistan Neogene and Wyoming Paleogene
deposits: A comparative study. Palaeogeogr. Palacoclimatol.
Palaeoecol. 115(1-4): 37-60.

Bernor, R.L., Fahlbusch, V., Andrews, P., de Bruijn, H.,
Fortelius, M., Rogl, F., Steininger, F.F., Werdelin, L.



2023

1996 The evolution of western Eurasian Neogene mammal
faunas: A chronologic, systematic, biogeographic and
paleoenvironmental synthesis. In: Bernor, R.L., Fahlbusch,
V., Mittmann, H.W. (eds.) The Evolution of Western
Eurasian Neogene Mammal Faunas: Columbia University
Press, New York. 449-471.

Bernor, R.L., Hussain, S.T. 1985 An assessment of the systematic,
phylogenetic and biographic relationships of Siwalik
hipparionine horses. J. Vertebr. Palacontol. 5(1): 32-87.

Bibi, F., Métais, G. 2016 Evolutionary history of the large
herbivores of south and Southeast Asia (Indomalayan
Realm). In: Ahrestani, F.S., Sankaran, M. (eds.) The
Ecology of Large Herbivores in South and Southeast Asia.
Springer, Dordrecht. 15-88.

Cerdeiio, E. 1995 Cladistic analysis of the family Rhinocerotidae
(Perissodactyla). Am. Mus. Novit. 3143: 1-25.

Cerdeno, E. 1997 Rhinocerotidae from the turolian site of
Dorn-Diirkheim 1 (Germany). Cour. Forsch. Inst.
Senckenberg. 197: 187-203.

Cerdeiio, E., Alcala, L. 1989 Aceratherium alfambrense sp. n.,
nuevae specie de rinocerdtido del Vallesiense superior de
Teruel (Espa™a). Rev. Esp. Paleontol. 4(1): 39-51.

Cerdeiio, E., Hussain, T.S. 1997 On the Rhinocerotidae from
the Miocene Manchar formation, Sind, Pakistan. Pak. J.
Zool. 29(3): 263-276.

Cerdeiio, E., Sanchez, B. 2000 Intraspecific variation and
evolutionary  trends  of  Alicornops  simorrense
(Rhinocerotidae) in Spain. Zool. Scripta 29(4): 275-305.

Cheema, M.R., Raza, S.M., Ahmad, H. 1977 Cainozoic. In:
Shah, S.M.I. (ed.) Stratigraphy of Pakistan, Quetta, Mem.
12: 56-98.

Codrea, V. 1992 New mammal remains from the Sarmatian
Deposits at Minisu de Sus (Taut, Arad County). Studia
Universitatia Babes-Bolyai, Geologica. 37: 35-41.

Codrea, V. 1996 Miocene rhinoceroses from Romania: an
overview. Acta Zool. Cracov. 39: 83—88.

Colbert, E.H. 1935 Siwalik mammals in the American Museum
of natural History. Trans. Am. phil. Soc., N.S. 26: 1-401.

Cotter, G. de P. 1933 The geology of the part of the Attock
district west of longitude 72°45'E. Geol. Surv. India Mem.
55: 63-161.

Deng, T. 2001 New materials of Chilotheriumwimani
(Perrisodactyla, Rhinocerotidae) from the Late Miocene of
Fugu Shaanxi. Verteb. PalAsiatica 39: 129-138.

Deng, T. 2004 A new species of the rhinoceros Alicornops from
the Middle Miocene of the Linxia Basin, Gansu, China.
Palaeontology 47(6): 1427—-1439.

Deng, T. 2006a A primitive species of Chilotherium
(Perissodactyla, Rhinocerotidae) from the Late Miocene of
the Linxia Basin (Gansu, China). Cainozoic Res. 5: 93-102.

Deng, T. 2006b Neogene rhinoceroses of the Linxia Basin
(Gansu, China). Cour. Forsch. Senck. 256: 43-56.

Falconer, H., Cautley, P.T. 1847 Fauna Antiqua Sivalensis.
Folio Atlas, Lond. 72-75.

Flynn, L.J., Barry, J.C., Morgan, M.E., Pilbeam, D., Jacobs,
L.L., Lindsay, E. 1995 Neogene Siwalik mammalian
lineages: Species longevities, rates of change, and modes of
speciation. Palacogeogr. Palaeoclimatol. Palacoecol. 115(1-
4): 249-264.

Flynn, L.J., Lindsay, E.H., Pilbeam, D., Raza, S.M., Morgan,
M.E., Barry, J.C., Badgley, C.E., Behrensmeyer, A.K.,
Cheema, 1.U., Rajpar, A.R., Opdyke, N.D. 2013 South

Hanif et al.: Siwalik Rhinoceros

P o)
i

@;-%{

and Southeast Asia. In: Wang, X., Flynn, L.J., Fortelius, M.
(eds.) Fossil Mammals of Asia: Neogene biostratigraphy
and chronology, Colombia University Press, New York,
USA. 351-372.

Flynn, L.J., Pilbeam, D., Barry, J.C., Morgan, M.E., Raza,
S.M. 2016 Siwalik synopsis: a long stratigraphic sequence
for the later Cenozoic of South Asia. Comptes. Rendus.
Palevol. 15(7): 877-887.

Forster-Cooper, C. 1934 The extinct Rhinoceroses of
Baluchistan. Philosophical Transactions of the Royal
Society of London (B) 223: 569-616.

Fortelius, M. 1990 Rhinocerotidae from Pasalar, Middle
Miocene of Anatolia (Turkey). J. Human Evol. 19(4-5):
489-508.

Fortelius, M., Solounias, N. 2000 Functional characterization
ofungulate molars using the abrasion-attrition wear gradient.
Am. Mus. Novit. 3301: 1-36.

Fortelius, M., van der Made, J., Bernor, R.L. 1996 A new
listriodont suid, Bunolistriodon meidamon sp. nov., from
the Middle Miocene of Anatolia: J. Verteb. Paleontol. 16(1):
149-164.

Geraads, D. 2010 Rhinocerotidae. In: Werdelin, L., Sanders,
D.J. (eds.), Cenozoic Mammal of Africa. University of
California Press, Berkeley. 669—683.

Geraads, D., Sarac, G. 2003 Rhinocerotidae from the Middle
Miocene Hominoid locality of Candir (Turkey). Cour.
Forsch. Inst. Senckenberg. 240: 217-231.

Ginsburg, L., Guérin, C. 1979 Sur l’origine et I’extension
stratigraphique  du  petit  Rhinocerotidé = Miocéne
Aceratherium (Alicornops) simorrense (Lartet, 1851) nov.
subgen. Comptes Rendus Sommaires de la Société
Géologique de France. 3: 114-116.

Gray, J.E. 1821 On the natural arrangement of Vertebrose
Animals. London Medical Repository. 15: 296-310.

Guérin, C. 1980 Les rhinoce ros (Mammalia, Perissodactyla)
du Mioce'ne terminal au Pleistoce ne supe rieur en Europe
occidentale : comparaison avec les espe'ces actuelles.
Documents du Laboratoire de Ge'ologie de la Faculte” des
Sciences de Lyon, 79: 1-1182.

Handa, N., Nishioka, Y., Duangkrayom, J., Jintasakul, P.
2020  Brachypotherium  perimense  (Perissodactyla,
Rhinocerotidae) from the Miocene of Nakhon Ratchasima,
Northeastern Thailand, with comments on fossil records of
Brachypotherium, Hist. Biol. 33(9): 1642-1660

Heissig, K. 1972 Paldontologische und geologische
Untersuchungenim Tertidr von Pakistan, 5. Rhinocerotidae
(Mamm.) aus den unteren und mittleren Siwalik-Schichten.
Bayer. Akad. Wissensch. Mathematisch-Naturwissenschaf.
Klasse, Abhandl., Neue Folge. 152: 1-112.

Heissig, K. 1975 Rhinocerotidacausdem Jungtertiér Anatoliens.
Geol. J. Reihe B. 15: 145-151.

Heissig, K. 1976 Rhinocerotidae (Mammalia) aus der
Anchitherium Fauna Anatoliens. Geol. Jahrb. 19: 3—121.
Heissig, K. 1989 The Rhinocerotidae, In: Prothero, D.R.,
Schoch, R.M.(eds.), The Evolution of Perissodactyls.

Oxford University Press, New York. 399—417.

Heissig, K. 1996 The stratigraphical range of fossil
rhinoceroses in the Late Neogene of Europe and the Eastern
Mediterranean. In: Bernor, R.L., Fahlbusch, V., Mittmann,
H.W. (eds.), The Evolution of Western Eurasian Neogene
Mammal Faunas. Columbia University Press, New York.
339-347.

215



&2
&

Heissig, K. 1999 Family Rhinocerotidae. In: Rossner G.E.,
Heissig, K. (eds.), The Miocene land mammals of Europe.
Miinchen: Verlag Dr. Friedrich Pfeil 175-188.

Heissig, K. 2003 Change and continuity in rhinoceros faunas of
Western Eurasia from the Middle to the Upper Miocene.
EEDEN, Stara Lesna. 35-37

Igbal, M., Magsood, S., Khan, M.A., Khan, A.Q. 2013 New
remains of Brachypotherium (Mammalia, Rhinocerotidae)
from Dhok Pathan Formation of Middle Siwaliks, northern
Pakistan. Biologia (Pakistan). 59(2):245-249.

Johnson, N.M., Opdyke, N.D., Johnson, G.D., Lindsay, E.H.,
Tahirkheli, R.A.K. 1982 Magnetic polarity stratigraphy
and ages of Siwalik Group rocks of the Potwar Plateau,
Pakistan. Palacogeogr. Palacoclimatol. Palacoecol. 37(1):
17-42.

Kaiser, T.M., Solounias, N., Fortelius, M., Bernorand, R.L.,
Schrenk, F. 2000 Tooth mesowear analysis on Hippotherium
primigenium from the Vallesian Dinotheriensande (Germany)
-A blind test study. Carolinea. 58: 103—114.

Khan, A.M. 2009 Taxonomy and distribution of Rhinoceros
from the Siwalik Hills of Pakistan. Ph.D. Diss. Department
of Zoology, University of the Punjab, Lahore, Pakistan.
182pp.

Khan, A.M., Akhtar, M.M. Khan, A., Shaheen, A. 2012 New
fossil remains of Brachypotherium perimense from the
Chinji and Nagri formations of Pakistan. JAPS. 22(2): 347-
352.

Khan, A.M., Cerdeiio, E., Khan, M.A., Akhtar, M. 2013 New
Alicornops (Rhinocerotidae) remains from Lower and
Middle Siwaliks, Pakistan. Ann de Paléontol. 99(2):131—
155.

Khan, A.M., Cerdeiio, E., Khan, M.A., Akhtar, M., Ali, M.
2011 Chilotherium  intermedium  (Rhinocerotidae:
Mammalia) From the Siwaliks of Pakistan: Systematic
Implications. Pak. J. Zool. 43: 651-663.

Khan, A.M., Habib, A., Khan, M.A., Ali, M., Akhtar, M.
2010 New remains of Brachypotherium fatehjangense from
lower Siwalik Hills, Punjab, Pakistan. J. Ani. Plant Sci.
20(2): 79-82.

Khan, M.A., Akhtar, M., Irum, A. 2014 Bramatherium
(Artiodactyla, Ruminantia, Giraffidae) from the Middle
Siwaliks of Hasnot, Pakistan: Biostratigraphy and
palaeoecology. Turk. J. Earth Sci. 23: 308-320.

Khan, M.A., Akhtar, M., Ikram, T. 2012 True Ungulates from
the Nagri type locality (Late Miocene), northern Pakistan. J.
Anim. Plant Sci. 22: 1-59.

Khan, M.A., Batool, A., Nayyer, A.Q., Akhtar, M. 2013
Gazella lydekkeri (Cetartiodactyla: Ruminantia: Bovidae)
from the Middle Siwaliks of Hasnot (Late Miocene),
Pakistan. Pak. J. Zool. 45: 981-988.

Khan, M.A., Malik, M., Khan, A.M., Igbal, M., Akhtar, M.
2009 Mammalian remains in the Chinji type locality of the
Chinji Formation: A new collection. J. Anim. Plant Sci. 19:
224-229.

Kubiak, H. 1981 Equidae and Rhinocerotidae (Perissodactyla,
Mammalia) from the Miocene of Przeworno in Lower
Silesia. Acta Geologica Polonica 31: 71-79.

Lacombat, F. 2005 The evolution of the rhinoceroses. In:
Fulconis, R. (ed.). Save the Rhinos, London. European
association of zoos Qad aquaria. 46—49.

Lartet, E. 1851 Notice sur la colline de Sansan, suivie d“une
récapitulation des diverses especse d“animaux vertébrés

216

Taiwania

Vol. 68, No. 2

fossiles, trouvés soit a Sansan, soit dans d*autres gisements
du terrain tertiaire miocéne dans le bassin sous-Pyrénéen.
Extrait de 1"annuaire du département du Gers, pp. 1-45.

Lungu, A.N. 1984 Hipparion-Fauna of the Middle Sarmatian in
Moldavia. Stiinca: Kisinev. 1-144.

Lydekker, R. 1881-1884 Siwalik Rhinocerotidae. In: Indian
Tertiary and Pgst-Tertiary Vebtebbata. II: 1-62

Matthew, W.D. 1929 Critical observations upon Siwalik
mammals. Bull. Am. Mus. Nat. Hist. 56: 435-560.

Pilbeam, D., Barry, J., Meyer, G.E., Shah, S.M.IL., Pickford,
M.H.L., Bishop, W.W., Thomas, H., Jacobs, L.L. 1977
Geology and paleontology of Neogene strata of Pakistan.
Nature 270(5639): 684—689.

Pilbeam, D., Morgan, M., Barry, J.C., Flynn, L. 1996
European MN units and the Siwalik faunal sequence of
Pakistan. In: Bernor, R.L., Fahlbusch, V., Mittmann, H.W.
(eds.) The evolution of western Eurasian Neogene mammal
faunas. Columbia University Press, New York. 96-105.

Pilgrim, G.E. 1910 Preliminary note on a revised classification
of'the Tertiary freshwater deposits of India. Rec. Geol. Surv.
India. 40: 185-205.

Pilgrim, G.E. 1912 The vertebrate fauna of the Gaj series in the
Bugti Hills and the Punjab. Paleontol. Ind. New Series. 4:
1-83.

Pilgrim, G.E. 1913 The correlation of the Siwaliks with the
mammalian horizons of Europe. Rec. Geol. Surv. India. 43:
264-326.

Rafeh, A., Khan, A.M., Ahmad, R.M., Akhtar, M. 2019
Dental morphology and palacoecological implications of
Brachypotherium (Rhinocerotidae) of the Middle Miocene
Siwaliks (Pakistan). In: Boughdiri, M., Badenas, B., Selden,
P., Jaillard, E., Bengtson, P., Granier, B.R.C. (eds)
Paleobiodiversity and Tectono-sedimentary Records in the
Mediterranean Tethys and Related Eastern Areas. Springer,
Cham. 57-60.

Rafeh, A., Khan, A.M., Ahmad, R.M., Igbal, M., Akhtar, M.
2020 Systematic and paleoecological study of the new
remains of Brachypotherium (Rhinocerotidae) from the
Middle Miocene Siwaliks (Pakistan). Arab. J. Geosci.
13(14): 634.

Ringstrom, T. 1924 Nashorner der Hipparion-Fauna Nord-
Chinas. Palaeont. Sin. 1: 1-159.

Schlosser, M. 1903 Die fossilen Sdugethiere Chinas nebst einer
Odontographie der recenten Antilopen. Abhandl. Bayer.
Akad. Wissensch. 22:1-221.

Sun, D.H., Li, Y., Deng, T. 2018 A new species of
Chilotherium (Perissodactyla, Rhinocerotidae) from the
Late Miocene of Qingyang, Gansu, China. Verteb.
PalAsiatica. 56(3): 216-228.

West, R.M., Lukacs, R.J., Munthe, J., Hussain, S.T. 1978.
Vertebrate fauna from Neogene Siwalik group, dang valley,
western Nepal. J. Paleontol. 52: 1015-1022.

Wills, B.J., Behrensmereyer, A.K. 1995. Fluvial system in the
Siwalik Neogene and Wyoming Palaecogene. Palacogeog.
Palacoclimatol. Palacoecol. 115(1-4): 13-35.

Wolf, D., Bernor, R.L., Hussain, S.T. 2013. A systematic,
biostratigraphic, and paleobiogeographic reevaluation of the
Siwalik Hipparionine horse assemblage from the Potwar
Plateau, northern Pakistan. Palaeontograp. Abt. A:
Paleozool. Stratigrap. 300(1-6): 1-115.


https://www.researchgate.net/publication/370491140

