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ABSTRACT

New post-cranial remains from the early Late Miocene have been discovered in the lowermost part of the
Irrawaddy Formation, Tebingan area, central Myanmar. Three genera and one indeterminate taxon were
identified: Rhinoceros sp. Rhinoceros cf. R. sondaicus, Dicerorhinus sp., Brachypotherium perimense, and
Rhinocerotidae indet. The evolutionary history of the Rhinocerotidae is still poorly known in Southeast
Asia. Few Rhinoceros species, Rhinoceros sp. ‘B'. fatehjangense, and B. perimense, has already been identified
in the Tebingan area by dental remains. The present discovery of the post-cranial remains of Rhinoceros cf.
R. sondaicus and Dicerorhinus sp. that complements previous studies based on dental remains. The early Late
Miocene Tebingan record is the oldest fossil record of Dicerorhinus in Southeast Asia, indicating a continental
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origin of the genus. Furthermore, the possible presence of R. sondaicus in the Tebingan area suggests that it
may have appeared in Southeast Asia as early as the early Late Miocene.

Introduction

The Rhinocerotidae family was widely distributed between the
Eocene and Pleistocene in Eurasia, North America, and Africa
(Antoine et al. 2003). Today, it is represented only in South/
Southeast Asia and Africa by four genera and five species (Nowak
1991). The family reached its apogee at the beginning of the
Neogene, with a great diversity of genera and species (Prothero
et al. 1989; Heissig 1999; Antoine 2002; Prothero and Schoch 2002).
The Rhinocerotidae became extinct in North America after the
Pliocene. At the same time, the Rhinocerotina, including
Rhinoceros, Dicerorhinus, Ceratotherium, and Diceros, remained
and Africa up to the present day (Prothero 2005). Many Neogene
Rhinocerotidae fossils have been identified in South Asia, demon-
strating their diversity in this geological period (Geraads et al. 2021;
Antoine et al. 2022); however, their evolutionary history is still
poorly known.

Located in central Myanmar, the Tebingan area has yielded sev-
eral cranial fossils (mainly isolated teeth) related to: Rhinoceros sp.,
Brachypotherium perimense, and ’B.” fatehjangense. Brachypotherium,
a hornless rhinoceros that lived in forest or wooded environments
and possibly in semi-aquatic habitats (Handa et al. 2018; Rafeh et al.
2020), is known from the late Early to early Late Miocene in Europe.
At the same time, it survived until the Late Miocene at Lothagam
(Geraads 2010) and at Sahabi (Libya) in Africa with B. lewisi
(Pandolfi and Rook 2019). Furthermore, an undetermined brachy-
pothere has been found in the Pliocene of Congo (Geraads 2010).
Brachypotherium appeared during the late Middle Miocene in
Pakistan (Chinji Formation, Siwalik), Myanmar (Irrawaddy sedi-
ments), and Thailand (Nakhon Ratchasima) (Antoine et al. 2013;
Handa et al. 2021; Longuet et al. 2023).

Rhinoceros is known from the Late Miocene until the Pleistocene
in Pakistan, Myanmar, Indonesia, China, and Thailand (Khan 2009;
Métais et al. 2009; Zin-Maung-Maung-Thein et al. 2010; Antoine

2012). The presence of this genus in Myanmar during the early Late
Miocene shows dispersal from the Indian subcontinent to
Myanmar during the Late Miocene due to environmental changes
that occurred in the Siwalik Group around 10.3 Ma (Cerling et al.
1997; Longuet et al. 2023). In addition, the coastline retreat to
southern Myanmar gave way to humid, closed environments favor-
able to Rhinocerotidae (Zin-Maung-Maung-Thein et al. 2011;
Habinger et al. 2022). This genus is currently known by two modern
species, R. unicornis (Indian rhinoceros) from the Himalayan foot-
hills, excluding the Indochina region, and R. sondaicus (Javan
rhinoceros) from the western end of Java (Laurie et al. 1983;
Groves and Leslie 2011).

To date, numerous rhinocerotid fossils have been discovered in
Neogene sediments, most of which have been identified by cranio-
dental remains (mandible, maxilla, and isolated teeth) (Chavasseau
et al. 2006; Zin-Maung-Maung-Thein et al. 2010; Longuet et al.
2023). Very few post-cranial remains have so far been examined in
detail. In this study, we describe several post-cranial remains of
rhinocerotids discovered in the lowest strata of the Irrawaddy
Formation in the Tebingan area, central Myanmar, providing
further evidence of rhinocerotid distribution in the late Miocene
of Myanmar.

Geological settings

Dating from the early Late Miocene to the Early Pleistocene, the
Irrawaddy Formation consists of non-marine sediments widely
exposed along the Ayeyarwady (=Irrawaddy) and Chindwin rivers.
It is subdivided into lower and upper parts based on palaeontolo-
gical and lithological criteria (Stamp 1922; Bender 1983). The
mammalian fauna from the lower part of the Irrawaddy
Formation is comparable to the Middle Siwalik Nagri (11.5-9 Ma)
and Dhok Pathan (9.8- ca. 3.5Ma) Formations of the Middle
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Siwalik, corresponding to the early Late Miocene to the Early
Pliocene (Zin-Maung-Maung-Thein et al. 2011; Takai et al. 2015),
while the upper Irrawaddy fauna is comparable to the Upper
Siwalik, dating from the Late Pliocene to the Early Pleistocene
(Colbert 1943; Bender 1983) (Figure 1).

In the Tebingan area, the fluvial Irrawaddy Formation conform-
ably overlies the shallow marine Obogon Formation (Middle
Miocene) of the Pegu Group (Takai et al. 2021). Most of the
Tebingan vertebrate fossils have been collected from the lowermost
part of the Irrawaddy Formation or the upper parts of the Obogon-
Irrawaddy transition zone. The geological age of the Irrawaddy
Formation in Tebingan is estimated from the combination of sev-
eral mammal genera, with a well-established chronological distri-
bution in the Siwalik deposits (northern Pakistan), suggesting an
early Late Miocene age (9-8 Ma) (Barry et al. 2002; Takai et al.
2021). This age is supported by the faunal composition of the
Tebingan area with the presence of Hipparion cf. theobaldi
(Equidae, Perissodactyla), Anisodon sp. (Chalicotheriidae,
Perissodactyla), Bramatherium megacephalum (Giraffidae,
Artiodactyla), and Hippopotamodon sivalense and Tetraconodon
spp. (Suidae, Artiodactyla), as well as by the absence of
Sivachoerus  (Suidae,  Artiodactyla) and  Hexaprotodon
(Hippopotamidae, Artiodactyla) (Sein and Thein 2013; Egi et al.
2018; Sein 2020; Takai et al. 2021; Longuet et al. 2023).

Materials and methods

The fossil specimens described were collected by villagers during farm
work between 2017 and 2022 in the Tebingan area including several
villages such as Tebingan, Inbingan, Alebo, and Sanmagyi, about 50
km southeast of Magway City, Myanmar (Figure 2). The specimens
were found in Inbingan village. They are now stored at the Department
of Archaeology in Yangon, Myanmar. The terminology used in the
present study and the post-cranial measurement method follow
Guérin (1980). The Myanmar specimens have been compared to
several genera of Rhinocerotidae: Pliorhinus, Lartetotherium,
Plesiaceratherium, and Alicornops from Eurasia; Gaindatherium, and
Prosantorhinus from Pakistan; Chilotherium from China and Pakistan;
Aceratherium from Thailand; Acerorhinus from China; and
Brachypotherium, Rhinoceros, and Dicerorhinus found in Thailand,

the Indian subcontinent, China, and Myanmar (Ringstrom 1924;
Heissig 1972; Deng 2005; Jin and Liu 2009; Khan 2009; Tong and
Guérin 2009; Antoine 2012; Antoine et al. 2013; Deng et al. 2013;
Handa et al. 2021).

Ratio diagrams used in this study follow Pandolfi and
Tagliacozzo (2015): A =log;, (a/b) =log;o (a) - log;o (b); A =dif-
ference in log value; a = measurement of studied specimen, and b =
measurement of the standard specimen. Here, the standard speci-
men used is Diceros bicornis from Guérin (1980). Each average
measurement of the standard specimen was selected for ratios.
This method is used to compare the proportions between the
studied and the standard specimen.

Institutional and anatomical abbreviations. NMMP-KU-IR,
National Museum of Myanmar Palaeontology, Kyoto University,
Irrawaddy. MNHN, Muséum national d’'Histoire naturelle, Paris.
Mc, metacarpal. Mt, metatarsal.

Systematic palaeontology

Order Perissodactyla Owen, 1848
Family Rhinocerotidae Gray, 1821
Subfamily Rhinocerotinae Gray, 1821
Tribe Rhinocerotini Gray, 1821
Subtribe Rhinocerotina Owen, 1845
Genus Rhinoceros Linnaeus, 1758
Rhinoceros sp.

Materials (Figures 3, 4 and Tables S1, S2)

NMMP-KU-IR-6144, right distal humerus; NMMP-KU-IR-6146,
right proximal radius; NMMP-KU-IR-4418, right McIIl; NMMP-
KU-IR-4419, right McIV; NMMP-KU-IR-6141, left distal femur;
NMMP-KU-IR-6529 and NMMP-KU-IR-5912, two left tibias;
NMMP-KU-IR-4913, a right distal tibia; NMMP-KU-IR-6117,
a left astragalus; and NMMP-KU-IR-6006, a left calcaneus.

Locality and age
Inbingan village, Tebingan area, Magway Region, central Myanmar,
early Late Miocene.
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Figure 1. Stratigraphy of Neogene sediments in central Myanmar and correlations with stratigraphy of the Indian subcontinent, East Asia and Europe.
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Figure 2. Index map of the Tebingan area, central Myanmar (modified after Longuet et al. 2023). Fossils are discovered from a wide range of Tebingan, Inbingan, Albo, and

Sanmagyi villages.

Description

Humerus. In the anterior view, NMMP-KU-IR-6144 have a wide
and deep trochlea, with the medial lip more voluminous than the
lateral lip (Figure 3A). The coronoid fossa is deep, low, and wider
than it is high. In the medial view, the trochlea is rounded. The
diaphysis is thin and round. In the posterior view, the olecranon
fossa is low and deep.

Radius. The coronoid process is elongated and pointed in NMMP-
KU-IR-6146 (Figure 3(B-D)). The proximal articular surface is
concave. In the medial view, the anterior face is flat, while the
posterior face is concave. In the posterior view, the proximal
ulnar facet is wide.

McIIl. The facet for the magnum in NMMP-KU-IR-4418 is visible
in the anterior view (Figure 3(E-G)). The facet for the unciform is
oval. The diaphysis is flattened anteroposteriorly. In lateral view,
the posterior facet of the McIV is missing; the anterior facet appears
to be higher and oblique, and there is a large depression between the
two facets. The insertion area for the extensor metacarpi radialis is
flat. The diaphysis is oval but slightly pinched on the lateral side.

McIV. NMMP-KU-IR-4419 (Figure 3(H-J)) has an arched diaphy-
sis. The proximal facet for the cuboid is slightly concave and oval,
and it occupies the entire proximal surface. There is a notch on the
posterior edge of the articular surface. The lateral surface does not
have an articular surface; the bone is concave, with a more pro-
nounced concavity in the distal part. The medial surface has two
facets corresponding to the McIII. The anterior facet appears
rounded, the posterior facet is slightly lower and smaller than the
anterior facet. In the medial view, there is a small notch on the
diaphysis located on the lower half, followed by a depression.

Femur. (Figure 4(A-B)). In the anterior view, the medial condyle is
slightly larger than the lateral one NMMP-KU-IR-6141. In the
posterior view, the intercondylar fossa is deep.

Tibia. In NMMP-KU-IR-6529 (Figure 4(C-F)), the proximal view
shows that the tibial tuberosity is relatively small but projected
outwards. The lateral side is shallow, and the ligament groove is
moderately deep. The medial tuberosity is rounded. The central
intercondylar eminence is wide and deep. In the anterior view, the
lateral lip is higher and slightly longer than the mesial lip. The
epiphyses are broad, while the diaphysis is thinner. In the lateral
view, the articular surface for the fibula is wide but shallow across
all three specimens. The posterior apophysis is rounded and low in
NMMP-KU-IR-6529 (Figure 4(C-F)). For NMMP-KU-IR-5912
and NMMP-KU-IR-4913 (Figure 4(G-K)), the diaphysis is triangu-
lar with a sharp crest in the medial view and a broader, flatter part
in the posterior view. In the anterior view, the distal part is wide
Additionally, the posterior process is low and rounded in NMMP-
KU-IR-5912 and NMMP-KU-IR-4913. NMMP-KU-IR-5912 is the
largest (Table S2).

Astragalus. In the anterior view, the collum tali (neck between the
trochlea and distal articulation) is high, and the groove of the
trochlea is shallow in NMMP-KU-IR-6117 (Figure 4(L-O)). The
facet for the fibula is flat. In the posterior view, the posterolateral
facet for the calcaneus is round and concave. The medial and distal
facets are not visible. In the distal view, the navicular facet is fairly
wide and concave, and the angle with the facet for the cuboid is
well-marked.

Calcaneus. In the anterior view, the apex of the calcaneus is broad
in NMMP-KU-IR-6006, and the tuber is rather thin (Figure 4(P-Q)).
In the medial view, the anterior border is concave, and the posterior
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Figure 3. Forelimb bones of Rhinoceros sp. from Tebingan area, central Myanmar. (A) NMMP-KU-IR-6144, right distal humerus; (B-D) NMMP-KU-IR-6146, right proximal
radius; (E-G) NMMP-KU-IR-4418, right Mclll; and (H-J) NMMP-KU-IR-4419, right McIV. (A, B, E, and H) in anterior view; (C, F, and |) in posterior view; (G and J) in lateral view;

and (D) in medial view. Scale bar =10 mm.

border is slightly convex. There is also a significant difference
between the height of the apex and the prominent anterior tuberos-
ity. If the distal part of the calcaneus is broken, the angle between the
main corpus of the calcaneus and the astragalus facets cannot be
observed.

Comparisons and discussion

Due to the large number of specimens described, we have opted to
limit comparisons. We focused on the three tibiae mentioned
above, as they are the most abundant. However, the proportions
of other specimens, including the humerus, radius, metacarpals III
and IV, femur, astragalus, and calcaneus, are illustrated in the ratio
diagrams (Fig. S1 and S2). The tibiae (NMMP-KU-IR-6529,
NMMP-KU-IR-5912, and NMMP-KU-IR-4913) (Figure 4(C-K))
are close to the Rhinoceros genus in having a massive anterior
tuberosity and outwardly inclined, on the tibial spine, the internal
lip is lower than the external lip, with a deep central intercondylar
eminence, a feature typical of Asian species (Guérin 1980). In

addition, Rhinoceros has a low and rounded caudal apophysis and
a shallow mediodistal gutter (Antoine 2002). Additionally, the
proportions of NMMP-KU-IR-5912 are closer to those of
R. unicornis, and the proportions of NMMP-KU-IR-6529 and
NMMP-KU-IR-4913 are closer to those of R. sondaicus, suggesting
that a large rhinoceros was present in the Tebingan area. They are
different from Brachypotherium of Thailand, which has a higher
posterior apophysis, a shallow central intercondylar eminence, and
a shallow ligament groove (Handa et al. 2021). Furthermore, the
proportions of the diaphysis of Brachypotherium are larger than
those of NMMP-KU-IR-4913 and NMMP-KU-IR-6529 (Fig. S2).
Cf. Gaindatherium from Israel has a distal articular surface that is
wider than deep and less developed than the distal epiphysis
(Pandolfi et al. 2021). The tibia of Alicornops has a triangular
diaphysis with a strong lateral edge (Cerdefio and Sanchez 2000).
Furthermore, the Myanmar specimen’s ratios are, in general, larger
than those of Alicornops (Fig. S2). In the proximal view,
Chilotherium has a medial condyle larger than the lateral condyle



HISTORICAL BIOLOGY e 5

Figure 4. Hindlimb bones of Rhinoceros sp. from Tebingan area, central Myanmar. (A-B) NMMP-KU-IR-6141, left distal femur; (C-F) NMMP-KU-IR-6529, left tibia; (G-H)
NMMP-KU-IR-5912, a left tibia; (I-K) NMMP-KU-IR-4913, right distal tibia; (L-O) NMMP-KU-IR-6117 left astragalus; and (p-Q) NMMP-KU-IR-6006, left calcaneus. (C, I, L, and P)
in anterior view; (F) in proximal view; (D, G, J, and M) in posterior view; (E-,H, and N) in lateral view; (K and O) in distal view; and (Q) in medial view. Scale bar = 20 mm.

and the medial intercondyloid tubercle is wider than the lateral one,
and both have the same length (Deng 2002). In addition, the three
Myanmar specimens are larger than Chilotherium which the pro-
portions are very low (Fig. S2). The three specimens from the
Tebingan area also do not belong to the Pliorhinus because in this
genus, the tibial tuberosity is rounded and thin, the tibial groove is
shallow and wide, and the central intercondyloid is closed poster-
iorly and has a V-shape. The diaphysis is slightly narrower than its
distal part (Pandolfi et al. 2021). The proportions of NMMP-KU-IR
-6529 and NMMP-KU-IR-4913 are in general lower than those of
Pliorhinus while NMMP-KU-IR-5912 has larger ratios than those of
Pliorhinus (Fig. S2). Specimens from the Tebingan area do not
belong to the Aceratherium which has an intercondylar eminence
that is not prominent, and in the posterior view, the posterior
apophysis is high and rounded (Hiinerman 1989). Furthermore,
the proportions of Aceratherium are lower than those of NMMP-
KU-IR-6529, NMMP-KU-IR-5912, and NMMP-KU-IR-4913.

The specimens have therefore been assigned to the genus
Rhinoceros. Within Rhinoceros species, the main differentiating
feature between R. unicornis and R. sondaicus is the size of the
elements. Indeed, the tibia of R. unicornis is longer than that of
R. sondaicus (Guérin 1980; Antoine 2002); the trochlea of the
humerus is wide and oblique in R. unicornis, and the olecranon
fossa is narrow, low, and oval (Filoux and Suteethorn 2018). The
calcaneus of R. unicornis is slightly more massive than that of
R. sondaicus. The latter has a collum tali that is shaped like a deep
hole, typical of R. sondaicus (Guérin 1980). The proportions of
Tebingan specimens approach those of Rhinoceros. More specifi-
cally, the ratios of the humerus (NMMP-KU-IR-6144), femur
(NMMP-KU-IR-6141), tibia (NMMP-KU-IR-6529), and astragalus
(NMMP-KU-IR-6117) are close to those of R. sondaicus (Fig. S1

and S2). The proportions of the radius (NMMP-KU-IR-6146), tibia
(NMMP-KU-IR-5912), and calcaneus (NMMP-KU-IR-6006) are
closer to those of modern R. unicornis and the proportions of
NMMP-KU-IR-6146 are like those of R. umnicornis from
Kanchanaburi, Thailand (Filoux and Suteethorn 2018) (Fig. S1).
The combination of morphology and ratios makes it possible to
assign specimens of the tibia specimen NMMP-KU-IR-5912 to
a large Rhinoceros sp. The other specimens can be assigned to
a smaller Rhinoceros sp.

Rhinoceros cf. R. sondaicus

Materials (Figure 5A-D and Table S2)
NMMP-KU-IR-5914, left astragalus.

Locality and age
Inbingan, Tebingan area, Magway Region, central Myanmar, early
Late Miocene.

Description

Astragalus. The trochlea is wide and deep in NMMP-KU-IR-5914
(Figure 5(A-D)). In the anterior view, the collum tali is high and
deep. The facet with the fibula is flat and oblique. In the posterior
view, the posterior facet for the calcaneus is concave and diamond-
shaped, and the extension of the facet is wide. The medial facet for
the calcaneus is wide and nearly triangular. Distally, the facet joint
is broken at the posterior edge. The distal articular surface is also
wide and slightly concave.
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Figure 5. Post-cranial remains of Rhinoceros cf. R. sondaicus (A-D) and Dicerorhinus sp. (E-G) from Tebingan area, central Myanmar. (A-D) NMMP-KU-IR-5914, left astragalus
and (E-H) NMMP-KU-IR-4413, left calcaneus. (A and E) in the anterior view; (B) in the posterior view; (C and G) in the lateral view; and (D and F) in the medial view. Scale bar

=10 mm.

Comparisons and discussion

NMMP-KU-IR-5914 is remarkably similar to other Rhinoceros in
having a deep, wide trochlea, a triangular medial facet, a low collum
tali, the facet for the navicular and cuboid are separated by an
obtuse ridge, and the whole articulation is wide with an oblique
anterior edge in Rhinoceros (Guérin 1980; Antoine 2002).
Compared with other Southeast Asian genera, NMMP-KU-IR
-5914 does not belong to Chilotherium, which has a narrow tro-
chlea, concave navicular facet, a long distal extension on the poster-
ior facet and a small and oval medial facet (Heissig 1972).
Furthermore, the proportions of Chilotherium are lower than
those of NMMP-KU-IR-5914 (Figure 2S). NMMP-KU-IR-5914
do not belong to Brachypotherium which has a shallow and wide
trochlea, a high collum tali, and an almost flat posterior facet for the
calcaneus in lateral view (Handa et al. 2021). Furthermore, the
proportions of the trochlea of the Brachypotherium astragalus are
smaller than those of NMMP-KU-IR-5914, but the proportions of
the distal part of the Brachypotherium astragalus are larger than
those of NMMP-KU-IR-5914 (Fig. S2). The astragalus of
Aceratherium has an oblique axis between the trochlea and the
articular surface for the navicular. In addition, the collum tali is
low and shallow (Hiinerman 1989). NMMP-KU-IR-5914 cannot be
assigned to Lartetotherium, because the trochlea is wide and the
medial lip almost reaches the edge of the facet for the navicular, the
posterior facet for the calcaneus is large with a short distal extension
and the medial facet is oval (Cerdefio 1986). The proportions of
Lartetotherium are larger than those of NMMP-KU-IR-5914 (Fig.
S2). NMMP-KU-IR-5914 do not belong to Dihoplus, because the
medial facet for the calcaneus of this genus is large and has an
irregularly subcircular outline and is always in contact with the
distal facet for the calcaneus. Furthermore, the lower border of
the bowed articular stripe of the astragalus is smoothly concave
and bears a small convex expansion in its middle (Giaourtsakis

2009). The trochlea of the Pliorhinus astragalus is wide and asym-
metrical, the lateral lip is wide and globular and the facet of the
fibula is vertical (Pandolfi et al. 2021), unlike NMMP-KU-IR-5914,
which has an oblique facet for the fibula. Unlike NMMP-KU-IR
-5914 (Heissig 1972), the astragalus of Gaindatherium has a medial
facet always attached to the distal facet for the calcaneus, the medial
facet for the calcaneus varies from nearly rectangular to sub-oval,
and the collum tali is high but also not deep. Finally, in
Dicerorhinus, the astragalus has a distinctly narrower trochlea
than other species and the proportions of the astragalus of
Dicerorhinus are smaller than those of NMMP-KU-IR-5914
(Guérin 1980).

NMMP-KU-IR-5914 is close to Rhinoceros. In total, five species
of Rhinoceros can be considered valid: R. platyrhinus Falconer and
Cautley, 1846; R. sinensis Owen, 1870; R. sivalensis Falconer and
Cautley, 1847; R. sondaicus Desmarest, 1822; and R. unicornis
Linnaeus, 1758. Unfortunately, R. platyrhinus and R. sivalensis
have only been studied using cranial remains (Colbert 1938; Khan
2009; Pandolfi and Maiorino 2016). NMMP-KU-IR-5914 was
therefore compared with the species R. sinensis, R. sondaicus, and
R. unicornis, for which the astragalus has been studied (Guérin
1980; Antoine 2002; Jin and Liu 2009; Khan 2009). The astragalus
of R. unicornis has larger proportions than NMMP-KU-IR-5914,
the collum tali is shaped like a gutter, and the distal tubercle is well-
developed. NMMP-KU-IR-5914 has characteristics typical of
R. sondaicus. Indeed, this species is characterised by a very deep
collum tali forming a hole (Guérin 1980). An astragalus belonging
to R. sondaicus from Khok Sung also has a very deep collum tali,
a facet for the navicular extends onto the anterior part of the
astragalus (Suraprasit et al. 2016). The proportions of NMMP-KU-
IR-5914 are closer from R. sondaicus. The astragalus of R. sinensis
(Jin and Liu 2009) is narrower proximo-distally in the anterior view
compared to NMMP-KU-IR-5914. The collum tali is low, and the



trochlea is shallow. In the posterior view, the posterior facet for the
calcaneus is rather square-shaped, with a narrow facet extension
(Jin and Liu 2009). The proportions of R. sinensis are smaller than
those of NMMP-KU-IR-5914.

The characteristics that allow assignment of NMMP-KU-IR
-5914 to Rhinoceros cf. R. sondaicus are the presence of wide and
deep trochlea, a deep collum tali in the shape of a hole, and the
proportions of the astragalus.

R. sondaicus is currently known from the early Pleistocene in the
Indian subcontinent, South and Southeast Asia (Antoine 2012).
Furthermore, R. sondaicus is already known from Myanmar, prob-
ably from the Plio-Pleistocene (Zin-Maung-Maung-Thein et al.
2010). The discovery of one astragalus assigned to cf. R. sondaicus
from the Tebingan area displaying similar characteristics to
R. sondaicus is based on post-cranial remains. To be certain of the
presence of R. sondaicus during the early Late Miocene, other
discoveries of cranial remains in the Tebingan area are needed.

Genus Dicerorhinus Gloger, 1841
Dicerorhinus sp.

Materials (Figure 5E-G and Table S2)
NMMP-KU-IR-4414, left calcaneus.

Locality and age
Inbingan village, Tebingan area, Magway Region, central Myanmar,
early Late Miocene.

Description

Calcaneus. The tuber of NMMP-KU-IR-4414 (Figure 5(E-G)) is
shorter than that NMMP-KU-IR-6006, which was identified as
Rhinoceros sp. The top of the calcaneus is rounded, and the rostrum
calcanei is prominent. In the anterior view, the facet for the fibula is
present on the proximal facet for the astragalus. In the medial view,
the anterior and posterior face of the tuber are concave.
Additionally, the difference between the maximum apex and the
anterior tuber in NMMP-KU-IR-4414 is smaller compared to
NMMP-KU-IR-6006. The sustentaculum tali forms an obtuse
angle with the tuber. Distally, the proximal facet of the astragalus
is convex and rather round and the medial facet of the astragalus is
slightly triangular. A shallow gutter separates the two facets. The
distal facet for the astragalus is nearly rectangular and small. The
facet for the cuboid is rectangular.

Comparisons and discussion

The calcaneus was compared with that of extant Dicerorhinus
(MNHN-ZM-AC-A7967, MorphoSource 2013) and with the descrip-
tion of the calcaneus of D. sumatrensis from Guérin (1980). The
Tebingan specimen can be assigned to Dicerorhinus based on the
following characteristics in having a short tuber, the sustentaculum
tali forms a obtuse angle with the tuber, and the difference between
the apex and the anterior tuberosity is not large compared to
Rhinoceros. The proportions of NMMP-KU-IR-4414 are, in general,
slightly larger than those of Dicerorhinus (Fig. S2). NMMP-KU-IR
-4414 does not belong to Brachypotherium because the calcaneal
process is elongated, the distal articular surface is narrow, and the
proximal facet for the astragalus does not have the facet for the fibula
(Heissig 1972). Furthermore, the proportions (Height and transverse
diameter sustentaculum tali) of the calcaneus of Brachypotherium are
larger than those of NMMP-KU-IR-4414 (Fig. S2). NMMP-KU-IR
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-4414 does not belong to Prosantorhinus because the calcaneus of this
genus has a short tuber with pronounced irregularities, a facet of the
fibula is present, and a sustentaculum tali forms a right angle with the
tuber (Cerdeno 1996). In Aceratherium, the articular surface for the
cuboid is crescent-shaped, and the angle between the tuber and the
sustentaculum tali forms a right angle (Hiinerman 1989).
Additionally, the proportions of the height of the Aceratherium
calcaneus are lower than the height of NMMP-KU-IR-4414 (Fig.
§2). NMMP-KU-IR-4414 cannot be assigned to Alicornops because
the calcaneus of Alicornops is small, with a short and wide tuber, and
the sustentaculum tali forms a right angle with the tuber (Cerdefo
and Sanchez 2000) (Fig. S2). The calcaneus of Lartetotherium is
different from NMMP-KU-IR-4414 in having a large tuber, the
sustentaculum is inclined to the vertical axis, and regarding the
proportions the total length and the width of the tuber of the calca-
neus is greater than NMMP-KU-IR-4414 (Cerdefio 1986) (Fig. S2).
The calcaneus of Pliorhinus has a transversely curved sustentaculum
tali and a very massive tuberosity, with higher proportions compared
to the Tebingan specimen (Pandolfi et al. 2021). Finally, the calcaneus
of Chilotherium is relatively smaller than NMMP-KU-IR-4414 with
a shorter tuber, the calcaneal process is weak, and the sustentaculum
tali is very flat (Heissig 1972). NMMP-KU-IR-4414 is slightly wider
than the known Dicerorhinus, but it can be assigned as
Dicerorhinus sp.

Dicerorhinus has long been considered a wastebasket taxon.
However, several authors recently assigned some Dicerorhinus spe-
cies to Stephanorhinus, Dihoplus, and Lartetotherium (Antoine et al.
2003; Tong 2012; Li and Deng 2023). Therefore, Dicerorhinus
comprises four species: D. cixianensis Chen and Wu 1976 from
China; D. fusuiensis from China; D. gwebinensis Zin-Maung-Maung
-Thein et al. 2008 from Gwebin, Myanmar; and the modern species
D. sumatrensis Fisher 1814 from Sumatra. Initially, D. fusuiensis
was described initially as R. fusuiensis by Yan et al. (2014) but was
subsequently reassigned to Dicerorhinus by Antoine et al. (2022)
through phylogenetic analyses. In addition, D. cixianensis was
recently reassigned to the genus Lartetotherium by Li and Deng
(2023) due to new comparisons between the skulls of Dicerorhinus
and Lartetotherium cf. L. sansaniense. Now, the genus Dicerorhinus
encompasses three species: D. fusuiensis, D. gwebinensis, and
D. sumatrensis.

NMMP-KU-IR-4414 has been compared only to the modern
species, D. sumatrensis. The other two Dicerorhinus species,
D. fusuiensis from China (Yan et al. 2014, 2016), and
D. gwebinensis from Myanmar (Zin-Maung-Maung-Thein et al.
2008) are known only from cranial remains. Yan et al. (2014,
2016) described R. fusuiensis using both cranial and post-cranial
remains. R. fusuiensis has been reassigned to D. fusuiensis through
phylogenetic analysis, showing that R. fusuiensis was close to
Dicerorhinus (Antoine et al. 2022). Two species were found during
the Plio-Pleistocene of central Myanmar: Dicerorhinus gwebinensis,
described from a skull found in Gwebin area, central Myanmar
dated from the Late Pliocene (4-2 Ma) (Zin-Maung-Maung-Thein
et al. 2008) along with a mandible identified as Dicerorhinus cf.
D. sumatrensis at Sulegone locality, Pauk Township (Zin-Maung-
Maung-Thein et al. 2010). Based on cranio-dental proportions,
D. gwebinensis appears to be slightly wider than the modern species
D. sumatrensis. The calcaneus proportions presented in this study
are also slightly wider than those of D. sumatrensis. These propor-
tions, along with the discovery of both specimens in central
Myanmar, might suggest that the calcaneus could possibly be closer
to D. gwebinensis.
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Figure 6. Metacarpals of Brachypotherium perimense from Tebingan area, central
Myanmar. (A, D, and G) NMMP-KU-IR-5228, right Mcll; (B, E, and H) NMMP-KU-IR
-5230, right Mcll, and (C, F, and 1) NMMP-KU-IR-5227, right Mclll. (A-C) in anterior
view; (D-F) in posterior view; and (G-l) in lateral view. Scale bar = 10 mm.

Subtribe Teleoceratina Hay, 1902
Genus Brachypotherium Roger, 1904
Brachypotherium perimense Falconer and Cautley, 1847

Geographic and stratigraphic ranges
Southeast Asia, spanning the Miocene.

Materials (Figure 6 and Table S1)
NMMP-KU-IR-5228 and NMMP-KU-IR-5230, two right MclI;
NMMP-KU-IR-5227, right McIII.

Locality and age
Inbingan village, Tebingan area, Magway Region, central Myanmar,
early Late Miocene.

Description

McIl. NMMP-KU-IR-5228 (Figure 6(A, D, G)) and NMMP-KU-IR
-5230 (Figure 6(B, E, H)) The facet for the trapezoid is very concave
and saddle-shaped in the anterior view in NMMP-KU-IR-5228
(Figure 6(A, D, G) and NMMP-KU-IR-5230 (Figure 6(B, E, H)). In
the posterior view, the trapezoid facet on the medial side is small. In
the lateral view, the facet with the McIII and the magnum is reniform,
and the junction between these two facets is slightly visible on the left,
but the facet for the MclIII is not visible in NMMP-KU-IR-5230. The
facets are more laterally oriented in NMMP-KU-IR-5230 than in
NMMP-KU-IR-5228, where they appear more posteriorly oriented.
The diaphysis in both specimens is elliptical.

MclIII. The bone is flat anteroposteriorly. In the anterior view, the
facet for the magnum is not visible in NMMP-KU-IR-5227
(Figure 6(C, F, I)). The unciform is flat, and small compared to
the facet for the magnum. There are two spaced facets, one
responding to the unciform and located close to the facet for
magnum, and one posterior facet. The posterior facet is wide and
trapezoidal, and the second facet for McIV is more rounded. There
is a depression between these two facets. The insertion zone of the
extensor metacarpi radialis is flat (anterior zone, proximal part of
the bone). The section of the bone is oval/flattened. The distal
epiphysis is wider than the proximal one.

Comparisons and discussion

NMMP-KU-IR-5228, NMMP-KU-IR-5230, and NMMP-KU-IR
-5227 can be assigned to Brachypotherium in having the posterior
facet for the McIII always absent on the McII, the facet for the
magnum is kidney-shaped and always visible in the anterior view
(Antoine 2002) (Figure 7(K-L)). The specimens cannot be assigned
to Dicerorhinus because the McII has a very prominent upper
tuberosity and the diaphysis is triangular (Guérin 1980), and the
proportions of the McII are lower compared to the Tebingan speci-
mens (Fig. S1). The proportions of the Tebingan specimens are
close to those of Rhinoceros, but morphologically different. Indeed,
in Rhinoceros, the posterior facet for McIII is always present on the
McII (character 226, Antoine 2002), and the facet for magnum is
always visible on the McIII in the anterior view (character 229,
Antoine 2002) (Figure 7(A-D)), these features are not observable in
NMMP-KU-IR-5228, NMMP-KU-IR-5230, and NMMP-KU-IR
-5227. In Aceratherium, the metapodials are robust, with a large
diaphysis; on the McIII, the facet for the magnum is visible on the
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Figure 7. Mcll (A-B, E-F, I-J, and M) and Mclll (C-D, G-H, K-L, and N-P) of selected compared specimens (A-B) Mcll and (C-D) Mclll of Rhinoceros unicornis from the late
Pleistocene of western Thailand (Filoux and Suteethorn 2018); (E-F) Mcll and (G-H) Mclll of Aceratherium incisivum from the Pliocene of Howenegg (Germany) (Hiinerman
1989); (I-J) Mcll and (K-L) Mclll of Pliorhinus miguelcrusafonti from Plio-Pleistocene of Georgia (Pandolfi et al. 2021); (M) Mcll of chilotherium wimani from the Late Miocene of
China (Deng 2002); (N-P) Mcll and Mclll of Brachypotherium perimense from the Middle Siwalik of Pakistan (Heissig 1972).In anterior view (A, C, E, G, |, K, and M-O) and lateral

view (B, D, F, H, J, L, and P).

anterior view; and, on the Mcll, the facet for the trapezoid is
shallow (Hiinerman 1989) (Figure 7(E-H)). The proportions of
Myanmar specimens are larger than those of Aceratherium (Fig.
S1). The diaphysis of the McII and McIII of Alicornops is almost as
wide as the distal epiphysis, the facet for the magnum is almost flat
on the McIII (Cerdefio and Sanchez 2000), and the proportions of
Alicornops are lower than those of the Tebingan specimens (Fig.
S1). NMMP-KU-IR-5228, NMMP-KU-IR-5230, and NMMP-KU-
IR-5227 cannot be assigned to Pliorhinus because the McII is long
and graceful, the articular surface for the McIII is small, short, and
appears straighter than the Tebingan specimens (Pandolfi et al.
2021). Furthermore, the proportions of the Myanmar specimens
(height and transverse diameter diaphysis) are larger than those of
Pliorhinus (Fig. S1). Nor can they be assigned to Plesiaceratherium
from China, which has narrow metacarpals, and a facet of the
magnum is visible in the anterior view of the McIII (Defa and
Heissig 1986; Antoine 2002). Furthermore, the metacarpals propor-
tions of Plesiaceratherium are lower than those of Myanmar speci-
mens (Fig. S1). In Gaindatherium, the facet for the trapezoid is
narrow and concave transversely, and the facet for the McIII is
triangular (Heissig 1972). These comparisons show that NMMP-

KU-IR-5228, NMMP-KU-IR-5230, and NMMP-KU-IR-5227 are
closer to the Brachypotherium.

Brachypotherium embraces the Asian species B. perimense, ‘B’.
fatehjangense, and B. gajense (Pilgrim 1912; Antoine et al. 2013).
B. gajense was originally described with dental remains by Pilgrim
(1912) as Aceratherium gajense. Recent studies have shown its
reassignment to Brachypotherium (Métais et al. 2009; Antoine
et al. 2010). This species has mainly been found in the Chitarwata
Formation from the early Miocene from the Bugti Hills (Métais
et al. 2009; Antoine et al. 2010). The Tebingan specimens were
therefore compared with the two Asian species most studied in
the deposits: B. perimense and ‘B’. fatehjangense (Khan et al. 2010;
Igbal et al. 2013; Rafeh et al. 2020; Handa et al. 2021). The classi-
fication of ’B“. fatehjangense remains uncertain. Some researchers
have placed it in different genera, such as Aprotodon fatehjangense,
Chilotherium (as C. fatehjangense and C. blanfordi), or
Diaceratherium (Heissig 1972, 1975; Deng 2006; Safia 2008). Saiia
(2008) suggested that "B“. fatehjangense might be more closely
related to Diaceratherium than to Brachypotherium and renamed
it D. fatehjangense. However, this reclassification is based solely on
phylogenetic analysis, with no detailed morphological descriptions
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yet provided. Despite this, some recent publications still assign it to
Brachypotherium (Rafeh et al. 2020; Handa et al. 2021; Samiullah
et al. 2021), so we continue to refer it as ”B’. fatehjangense, using
quotation marks to indicate the ongoing debate.

Brachypotherium also includes two European species,
B. brachypus and B. goldfussi and four African species,
B. heinzelini, B. snowi, B. lewisi, and B. minor (Hooijer 1963;
Hooijer and Patterson 1972; Geraads and Miller 2013; Koufos
and Kostopoulos 2013). The Tebingan specimens are different
from the African and European species. Indeed, the McII of
B. heinzelini is relatively short (Hooijer 1966). Regarding
B. brachypus, the facet for the trapeze on the McII is poorly
developed and the lateral articulation of the McIII and the mag-
num is to be divided into two (Cerdefio 1993). Compared with
Asian species, the MclI of ‘B’. fatehjangense has a narrow facet for
the trapezoid but deep like a saddle, a low and small facet of the
trapeze, a reniform facet for the magnum, and there is no posterior
facet for the McIII (Hooijer and Patterson 1972). The Tebingan
specimens are close to B. perimense. On McII, the facet for the
trapezium is present in the dorsal view; on the McIII, the facet for
the magnum is concave and not visible on the anterior part; the
facet for the unciform is curved around that of the magnum and is
inclined laterally, and the McII facet is small (Heissig 1972)

(Figure 7(K-L)). NMMP-KU-IR-5228, NMMP-KU-IR-5230, and
NMMP-KU-IR-5227 can be assigned to B. perimense due to their
similar morphology and proportions. The post-cranial bones of
B. perimense studied here could thus be associated with the dental
remains found in the Tebingan area (Longuet et al. 2023).

Rhinocerotidae indet.

Materials (Figure 8 and tables S1, S2)

NMMP-KU-IR-5091, 5910, and 6143, three left distal humeri;
NMMP-KU-IR-5361, left proximal radius; NMMP-KU-IR-6008,
right distal femur; NMMP-KU-IR-4413, right astragalus; and
NMMP-KU-IR-4415, left calcaneus.

Locality and age
Inbingan village, Tebingan area, Magway Region, central Myanmar,
early Late Miocene.

Description

Humerus. In the anterior view, the coronoid fossa is oval and deep
in NMMP-KU-IR-5091, NMMP-KU-IR-5910, and NMMP-KU-IR
-6143 (Figure 8(A-F)). The trochlea is wide and deep, with the

Figure 8. Limb bones of Rhinocerotidae gen. et sp. indet. From the Tebingan area, central Myanmar. (A-B) NMMP-KU-IR-5091; (C-D) NMMP-KU-IR-5910; (E-F) NMMP-KU-IR
-6143; (G-1) NMMP-KU-IR-5361; (J-K) NMMP-KU-IR-4415; (L) NMMP-KU-IR-6008; and (M-P) NMMP-KU-IR-4414. (A, C, E, G, J, L, and M) anterior view; (B, D, F, I, and N) in the
posterior view; (H) in the proximal view; (K) in the medial view; (O) in the lateral view; and (P) in the distal view. Scale bar =20 mm.



medial (= trochlear) lip more developed than the lateral (= con-
dylar) lip, and they are parallel. In the posterior view, the olecranon
fossa is low and deep in all three specimens but rather round in
NMMP-KU-IR-5091 and slightly oval in NMMP-KU-IR-6143.
Additionally, the lateral edge of the epiphysis of NMMP-KU-IR
-5910 is oblique.

Radius. In the proximal view, the two articular facets are still
visible in NMMP-KU-IR-5361 (Figure 8(G-I)). The medial facet
appears larger than the lateral facet. In the cranial view, the anterior
edge of the proximal part is straight.

Femur. NMMP-KU-IR-6008 is a very poorly preserved right distal
part of the femur, with only the trochlea of the femur preserved
(Figure 8L). The bone is broken below the third trochanter, and the
medial and lateral condyles are missing.

Astragalus. In the anterior view, the trochlea is deep, the collum
tali is low and shallow, and the facet with the fibula is oblique and
flat in NMMP-KU-IR-4413 (Figure 8(M-P)). In the posterior view,
the posterior facet of the calcaneus is concave and rather rounded,
and the extension of this facet is small and almost perpendicular.
The distal facet of the calcaneus is elongated and connects to the
medial facet of the calcaneus. The medial facet is slightly oval with
a widening towards the medial side. Distally, the ulna-navicular
facet is wide along the anteroposterior axis. The navicular facet
extends onto the anterior part of the astragalus.

Calcaneus. In the medial view, the anterior part of NMMP-KU-IR
-4415 is slightly concave, with a well-marked rostrum calcanei
(Figure 8(J-K)). There is also a significant difference between the top
of the calcaneus and the anterior tuber. The posterior part is straight.
The impression of the sustentaculum tali shows that the angle between
it and the tuber of the calcaneus appears rather acute. The proximal
facet for the astragalus is convex, and the distal facet for the astragalus
is small and elongated, leading to the facet for the cuboid.

Comparisons and discussion

Given the large number of specimens, only some have been com-
pared. Since the number of humerus specimens is larger, three of
them will be compared first. The humeri NMMP-KU-IR-5091,
NMMP-KU-IR-5910, and NMMP-KU-IR-6143 differ from
Dicerorhinus having a triangular-shaped and narrow olecranon
fossa (Guérin 1980), and the proportions are lower compared to
those of Tebingan specimens. The olecranon fossa is triangular in
Chilotherium with lower proportions compared to the Tebingan
specimens (Deng 2002). NMMP-KU-IR-5091, NMMP-KU-IR
-5910, and NMMP-KU-IR-6143 are different from Rhinoceros
which have a deep, low, and proximodistally elongated oval coro-
noid fossa (Guérin 1980; Antoine 2002). NMMP-KU-IR-5091,
NMMP-KU-IR-5910, and NMMP-KU-IR-6143 are different from
cf. Gaindatherium from Israel (Pandolfi et al. 2021). The coronoid
fossa is deep, the olecranon fossa is wider than it is higher, and the
lateral lips are straight (Pandolfi et al. 2021). Furthermore, the
proportions of the distal part of Tebingan specimens are lower
than those of cf. Gaindatherium (Fig. S1). As for Alicornops, this
genus features a relatively small humerus with a large and deep
olecranian fossa (Cerdefio and Sdnchez 2000). In Aceratherium, the
coronoid fossa is relatively narrow, the olecranon fossa is narrow
and round, and the proportions are lower than those of the
Tebingan specimens (Hiinerman 1989) (Fig. S1). The Tebingan
specimens differ from Acerorhinus which has a small, round cor-
onoid fossa and a large, round olecranon fossa (Lu et al. 2021).
Pliorhinus has a deep, triangular-shaped olecranon fossa that is
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wider than it is higher, a more developed medial lip than the lateral
lip, and the trochlea is wider (Pandolfi et al. 2021). These features
are similar to those of specimen NMMP-KU-IR-5910 (Figure 8(C-
D)), but the proportions of the Myanmar specimen are smaller than
those of Pliorhinus (Fig. S1). In Teleoceratina, such as
Prosantorhinus and Brachypotherium, the long bones are wide and
rather short, with epiphyses wider than the diaphysis (Cerdefo
1996). Most of the specimens present in this section are too frag-
mentary to be properly identified, and it is therefore preferable to
assign them to Rhinocerotidae indeterminate.

Discussion
Previous work on dental remains of the Tebingan rhinoceroses

Rhinoceros sp. and B. perimense have already been identified by
dental remains, indicating that Rhinoceros was distributed in central
Myanmar since the early Late Miocene, probably arriving from the
Indian subcontinent before the Late Miocene (Longuet et al. 2023).
This migration was possible due to environmental changes in
Myanmar, such as the retreat of the coastline to the south of
Myanmar, giving way to a humid environment favorable to
Rhinocerotidae (Zin-Maung-Maung-Thein et al. 2011; Habinger
etal. 2022). Brachypotherium is a Miocene genus that lived in forest
or wooded habitats, and possibly in semi-aquatic environments
(Handa et al. 2018). Although no post-cranial remains belonging
to Brachypotherium species have yet been found in Myanmar,
newly discovered metacarpals of B. perimense confirm the presence
of the species in central Myanmar during the early Late Miocene.
This archaic genus began to decline and gave way to modern
genera such as Rhinoceros and Dicerorhinus during the late Miocene
and disappeared at the Miocene-Pliocene boundary, possibly due to
climatic causes (more arid climate) (Barry et al. 2002; Deng 2002).

New fossil records in Southeast Asia

Rhinoceros cf. R. sondaicus has been identified by an astragalus with
similar characteristics to R. sondaicus: wide and deep trochlea and
a very deep and low collum tali (Guérin 1980). In addition, the
ratios of NMMP-KU-IR-5914 are closer to those of R. sondaicus.
R. sondaicus has been known since the early Pleistocene in the
Indian subcontinent, Thailand, Cambodia, Vietnam, and Sundaic
region (Java, Malaysia, and Borneo), but fossil remains of this
species are rare (Antoine 2012; Suraprasit et al. 2016). The oldest
fossil records of R. sondaicus are dated to the Plio-Pleistocene of the
Irrawaddy Formation, central Myanmar, through dental remains
(Zin-Maung-Maung-Thein et al. 2010), thus suggesting
a continental Asian origin of the species. It then migrated to the
Southeast Asian islands during the Late Pleistocene (Zin-Maung-
Maung-Thein et al. 2006). Nevertheless, fossil remains of
R. sondaicus are rare during the Pleistocene in Southeast Asia
(Antoine 2012). The recent discovery of an astragalus assigned to
cf. R. sondaicus from the Tebingan area suggests a possible presence
of R. sondaicus during the early Late Miocene of Myanmar and thus
pushes back the occurrence of this species much earlier than pre-
viously thought. This supports a continental origin for the species.
To confirm the presence of R. sondaicus in the Tebingan area,
additional remains are necessary.

The genera Rhinoceros and Dicerorhinus are often found
together in deposits. In the Early Pleistocene, D. gwebinensis Zin-
Maung-Maung et al. 2008 and Rhinoceros sp. are found in the
Gwebin area, Myanmar; R. unicornis and D. sumatrensis during
the middle Pleistocene of Thailand, and the three modern species,
R. unicornis, R. sondaicus, and D. sumatrensis, are found together



12 (&) M.LONGUETET AL.

during the Late Pleistocene in different deposits in Vietnam and
Sibrambang (Zin-Maung-Maung-Thein et al. 2008; Antoine 2012).
Once again, Rhinoceros and Dicerorhinus were found together in
the same early Late Miocene deposit in the Tebingan area, central
Myanmar, as indicated by the identification of Rhinoceros cf.
R. sondaicus and Dicerorhinus sp.

The genus Dicerorhinus is a rhinoceros with a frontal horn
and a slender body compared to other Rhinocerotina. It lives
preferentially in forests and near water (Groves and Kurt 1972).
This genus has been known since the Pliocene in Myanmar with
D. gwebinensis Zin-Maung-Maung-Thein et al. 2008, and since
the Early Pleistocene in southern China, Thailand, Vietnam,
Cambodia, Malaysia, Indonesia, Sumatra, and Borneo (Tong
and Guérin 2009; Antoine 2012; Tong 2012; Yan et al. 2014,
2016) (Figures 9 and 10). The oldest representative of the genus
Dicerorhinus is dated to the mid-Miocene and was described by
Heissig (1972) in Pakistan under a species called Didermocerus
aff. sumatrensis. The specimen is a second upper premolar (P2),
from the Siwalik Chinji Formation in Siwalik described by
Heissig (1972) (M 1956 II 268 - Tf. 5, Figs 1,2) is the only
specimen assigned to D. sumatrensis from Pakistan. This speci-
men has a short crista and crochet and constricted protocone,
whereas D. sumatrensis typically lacks crista and crochet on P2,
and the presence of a constricted protocone is rather rare on P2

(Guérin 1980). Unfortunately, the material described is too poor
to fully support this discovery. For some time, Dicerorhinus
comprised four species: D. gwebinensis, D. fusuiensis,
D. sumatrensis, and D. cixianensis (Zin-Maung-Maung-Thein
et al. 2008, 2010; Tong and Guérin 2009; Tong 2012; Yan
et al. 2014, 2016). D. cixianensis is known from the Mid-
middle Miocene of China (Hebei province), which led to the
hypothesis that Dicerorhinus descended into southeast Asia
from the east. However, this hypothesis was refuted by the
reassignment of D. cixianensis to the genus Latertotherium by
Li and Deng (2023). Dicerorhinus is now known only from
southeast Asia.

At the moment, the current discovery of post-cranial fossils
of Dicerorhinus sp. from the early Late Miocene Tebingan fauna
in central Myanmar represents the oldest fossil record of
Dicerorhinus in Southeast Asia (Figure 10). Dicerorhinus may
have originated in Southeast of Asia during the early Late
Miocene and then migrated to the islands of Southeast Asia
during the Pleistocene (Figure 9). This hypothesis is based on
the identification of a calcaneus. It needs further support
through the identification of cranial remains of Dicerorhinus in
the Tebingan Area, central Myanmar. Furthermore, due to the
dubious nature of the material referring to Dicerorhinus in
Pakistan, the hypothesis of the genus’s presence in Pakistan is
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Figure 9. Geographical distribution of Dicerorhinus sp. in South and Southeast Asia during the Neogene and Pleistocene. Based on Tong and Guérin (2009) and Antoine

(2012).
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Figure 10. Chronology of Dicerorhinus sp. in South and Southeast Asia. Fossil record and locality according to Tong and Guérin (2009) and Antoine (2012).

not considered here. It would be interesting to know whether
other material from Pakistan can be assigned to
Dicerorhinus and thus confirm or not the hypothesis put forward
in this paper.

Conclusion

The rhinoceros fossils from the lowermost part of the Irrawaddy
Formation at the Tebingan include five taxa: Rhinoceros sp.,
Rhinoceros cf. R. sondaicus, Dicerorhinus sp., B. perimense, and
Rhinocerotidae gen. et sp. indet. The presence of Dicerorhinus in
the Tebingan area represents the oldest fossil record of the genus
in Southeast Asia, indicating a continental Asian origin of this
genus. Genera such as Brachypotherium likely began to decline at
the end of the Miocene due to the fragmentation of forests,
replaced by modern species of rhinoceros, such as Rhinoceros
and Dicerorhinus.

The discovery of Dicerorhinus from the early Late Miocene
(9-8 Ma) Tebingan fauna suggests the origin of the genus in
Southeast Asia and then, it migrated to the islands of Southeast
Asia during the Pleistocene. The retreat of the coastline south-
ward in central Myanmar gave way to new terrestrial environ-
ments, such as forests and woodlands, thus favouring the arrival
of Dicerorhinus and Rhinoceros during that period. Further
detailed analysis of the complete dental remains of Dicerorhinus
and R. sondaicus may confirm the presence of these species in the
Tebingan area.
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