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ARTICLE

A NEW SPECIES OF ACERATHERIUM (RHINOCEROTIDAE, PERISSODACTYLA) FROM THE
LATE MIOCENE OF NAKHON RATCHASIMA, NORTHEASTERN THAILAND

TAO DENG,"? RATTANAPHORN HANTA,? and PRATUENG JINTASAKUL?
Key Laboratory of Vertebrate Evolution and Human Origin, Institute of Vertebrate Paleontology and Paleoanthropology,
Chinese Academy of Sciences, Beijing 100044, China, dengtao@ivpp.ac.cn;
"Department of Geology, Northwest University, Xi’an, Shaanxi 710069, China;
SNortheastern Research Institute of Petrified Wood and Mineral Resources, Nakhon Ratchasima Rajabhat University,
Nakhon Ratchasima 30000, Thailand, rttnpn@yahoo.com

ABSTRACT—A new species of the genus Aceratherium, A. porpani sp. nov., from the Tha Chang sand pits in Nakhon
Ratchasima Province, northwestern Thailand, is described. It is a mid-sized rhinocerotid in the subfamily Aceratheriinae, and
represents the first discovery of Aceratherium in Thailand. The material includes a well-preserved skull and mandible. A. por-
pani has broadly separated parietal crests, slightly expanded zygomatic arches, a straight nuchal crest, moderate supraorbital
tuberosities, a flat skull roof, a deep nasal notch above the P4/M1 boundary, a moderately wide mandibular symphysis with a
posterior border at the p3/p4 boundary, a short diastema between i2 and p2, absence of DP1 and dpl, strong crochets, con-
stricted molar protocones, and long metalophs. This new species has a mixture of primitive and derived characters that differ
from the known species of Aceratherium, A. incisivum, and A. depereti. The evolutionary stage of A. porpani is consistent with
the latest Miocene age of the associated fauna and flora in the Tha Chang sand pits.

INTRODUCTION

In the Tha Chang area, Nakhon Ratchasima Province, Thai-
land, several sand pits previously have yielded fossils (Chaima-
nee et al., 2004; Hanta et al., 2008). The area is 220 km northeast
of Bangkok, and the sand pits are located next to the Mun River
(15°05'N and 102°20'E) (Fig. 1A, B). The sedimentary sequence
of these sand pits consists of unconsolidated mudstone, sand-
stone, and conglomerate (Fig. 1C), deposited by the ancient Mun
River. Unfortunately, almost all the fossils have been found and
collected by local villagers working in these sand pits, and only
later were brought to public institutions such as the district of-
fice, library, or Nakhon Ratchasima Rajabhat University (Hanta
et al., 2008). Consequently, precise field information is unavail-
able for most of the fossils from the Tha Chang area, including
the type mandible of the recently described new hominoid Kho-
ratpithecus piriyai (Chaimanee et al., 2004). The skull of a new
anthracothere species Merycopotamus thachangensis was a rare
exception in that it was discovered and collected directly by sci-
entists (Hanta et al., 2008).

It is difficult to estimate precisely the geological age of the
fossils discovered in the Tha Chang sand pits. Until now, only
the skull of M. thachangensis and some stegolophodonts have
ever been collected with reliable locality information. The ste-
golophodonts are more primitive than Stegodon in northern
China, suggesting that the sand pits are older than 6 Ma. Based
on other mammalian fossils from the Tha Chang area, the age of
the fossiliferous deposits in Tha Chang Sand Pit 8 has been esti-
mated to be 9-7 Ma (Chaimanee et al., 2004), and later, 7.4-5.9
Ma (Chaimanee et al., 2006). Apart from the locality problem,
however, the mammalian fossils stored in the public institutions
in Nakhon Ratchasima and in some private collections can be
largely sorted into three assemblages of different geological ages,

*Corresponding author.

that is, the middle Miocene, late Miocene, and early Pleistocene
faunas (Nakaya et al., 2003; Saegusa et al., 2005).

The fossils described in this paper were collected and do-
nated by Mr. Porpan Watchajitpan. Now they are preserved in
the Northeastern Research Institute of Petrified Wood and Min-
eral Resources. Terminology and taxonomy follow Heissig (1972,
1999), Guérin (1980), and Qiu and Wang (2007). The measure-
ments are according to Guérin (1980) and given in mm.

Institutional Abbreviation—PRY, Northeastern Research In-
stitute of Petrified Wood and Mineral Resources

Other Abbreviations—H, height; L, length; MN, Neogene
Mammal Zone; W, width.

SYSTEMATIC PALEONTOLOGY

Order PERISSODACTYLA Owen, 1848
Family RHINOCEROTIDAE Owen, 1845
Subfamily ACERATHERIINAE Dollo, 1885
Tribe ACERATHERIINI Dollo, 1885
ACERATHERIUM Kaup, 1832

Type Species—Aceratherium incisivum Kaup, 1832, from Ep-
pelsheim, Germany.

ACERATHERIUM PORPANI, sp. nov.
(Figs. 2-5; Tables 1-3)

Holotype—An adult skull (PRY 142) without premaxillae and
the anterior portion of nasals, keeping cheek teeth from P4 to M3
(Figs. 2, 3, 5A; Tables 1, 3).

Paratype—An almost complete mandible (PRY 141), missing
tusks of i2 (Figs. 4, 5B; Tables 2, 3).

Etymology—In honor of Porpan Vachajitpan, who donated
the studied holotype and paratype specimens of this new species.

Type Horizon and Locality—Latest Miocene (correspond-
ing to MN 12 in Europe) at Tha Chang, Nakhon Ratchasima
Province, Thailand. The locality and horizon (Fig. 1C) was de-
termined on the basis of the collector’s description for the
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FIGURE 1. Location and section of Tha Chang in Chalerm Prakieat District, Nakhon Ratchasima Province, Thailand. A, Southeast Asia with
location of Nakhon Ratchasima; B, Thailand with location of Tha Chang; C, sequence of Miocene fluvial deposits at a Tha Chang sand pit. (Color

figure available online.)

discovery and our personal examination of the site, and the age
of the fossiliferous horizon in this sand pit was judged by the cor-
relation to Tha Chang Sand Pit 8 (Hanta et al., 2008:fig. 4).

Diagnosis—Mid-sized species of Aceratherium with broadly
separated parietal crests, slightly expanded zygomatic arches, a
straight nuchal crest, moderate supraorbital tuberosities, a flat
skull roof, a deep nasal notch above the P4/M1 boundary, a mod-
erately wide mandibular symphysis with a posterior border at the
p3/p4 boundary, a short diastema between i2 and p2, absence of
DP1 and dpl, strong crochets, constricted molar protocones, and
long metalophs.

DESCRIPTION
Skull

The skull is dolichocephalic, with a distance of 451 mm be-
tween the incisive foramen and the intercondylar notch. The su-
ture between the nasal and frontal bones is clear with a wide
and shallow ‘V’-shaped valley; and its base oriented anteriorly
(Fig. 2A). The premaxillary bones are narrow and thin, with a
thickness of 9.5 mm and a height of 23.5 mm in front of the max-
illary bones. The supraorbital tuberosities are moderate, so the
lower orbital rims are completely seen in dorsal view. The zy-
gomatic arches, nearly vertical laterally, are not expanded. The
skull roof is flat, with a high occiput (Fig. 2B), and its maxi-
mum width is between the supraorbital tuberosities. The brain-
case is rounded. The frontal surface is very smooth. The pari-
etal crests are strong and broadly separated with a minimum
width of 59.4 mm, between which there is a depression posteriorly
(Fig. 2A).

There are two infraorbital foramina, the anterior one of which
is triangular in shape, with a vertical diameter of 16 mm, and a
wide, deep, and short front groove, and the posterior one is oval
in shape and slightly smaller than the anterior one. Both are lo-
cated above P4 and near the lower margin of the nasal notch. The
nasal notch is ‘U’-shaped, with a height of 47 mm, and it extends
to a point above the P4/M1 boundary. The orbits are not project-
ing and near the skull roof, and their anterior rims are situated
above the M1/M2 boundary. The zygomatic process of the max-
illary bone begins above the P4/M1 boundary and has a distance
of 23 mm from the alveolus border. The facial crest is strong and
oblique upward. The maxillary surface in front of the orbit is flat.
There are two lachrimal tubercles, the lower one of which is big
and the upper one is tiny. The postorbital process is strong on

the frontal bone, but very weak on the terminal of the zygomatic
process of the squamosal. The broad zygomatic arch is 49.5 mm
wide in front of the temporal condyle. The zygomatic processes
of the zygomatic and squamosal bones join in a smooth suture.
Its posterior surface bears a transverse groove. The very large
external auditory pseudomeatus is closed ventrally and inversely
triangular in shape, above which the temporal crest is straight
(Fig. 2B).

The nuchal crest is straight in both dorsal and occipital views
with a very weak median groove. Its lateral margins are inclined
anteriorly and divergent inferiorly. The occipital surface is trape-
zoid in shape and slightly inclined posteriorly. In occipital view,
the median and exterior crests are weak, and the lateral crests are
strong. The tip of the exterior crest extends to the posttympanic
process. The foramen magnum is ellipsoidal, and its upper border
is much higher than the upper margin of the occipital condyle.
The nuchal ligament fossa is shallow, rough, and inversely trian-
gular in shape (Fig. 3).

In ventral view, the intercondylar notch is wide, with a mini-
mum width of 17.4 mm. The posterior margin of the pterygoid
bone is vertical. The sulcus between the pterygoid bones is wide
and deep. The anterior border of the temporal fossa is at the
level of the M2/M3 boundary. The articular surface behind the
temporal condyle is smooth and has a marginal ridge. The post-
glenoid processes are slightly compressed, robust, straight, and
convergent anteriorly. The hypoglossal foramen is anteroexter-
nally displaced. The basal tuberosity is less rough, with a nar-
row and sharp sagittal crest. The posterior part of the basioc-
cipital bone is wide, short, and smooth. The posttympanic pro-
cess is thin, inclined anteriorly, and weakly expanded laterally,
the lower end of which is 10.5 mm thick and fused to the lower
1/3 of the postglenoid process. The paroccipital process is moder-
ately developed and nearly vertical, and it is pyramidal in shape.
The posttympanic and paroccipital processes are fused to each
other at their bases. The palate is concave and moderately wide,
with a distance of 74 mm between M3s, and its posterior border
is ‘U’-shaped and moderately wide, ending opposite the M2/M3
boundary, and with a distinct sagittal crest, and a small central
tubercle. The anterior palatine foramen is at the level of the M2
hypocone, and the alar canal can be seen in ventral view (Fig. 2C).
The maxillary tuberosity is strong. The zygomatic arch is thin,
with a somewhat rough lower margin, and its anterior tip is pro-
gressive (see Antoine, 2002:fig. 46), with a wide and deep groove
from the maxillary bone.
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FIGURE 2. Holotype skull of Aceratherium porpani, sp. nov., from Tha Chang in Nakhon Ratchasima, Thailand, PRY 142. Photographs to the left
and interpreted drawings to the right. A, dorsal view; B, lateral view; C, ventral view. (Color figure available online.)

Mandible

The symphysis is moderately wide (68.7 mm at the anterior
margin) and deeply concave, with nearly parallel lateral margins
and a maximum width between the lateral borders of i2. The alve-
olar margins at the diastema are ridge-like and extend laterally to
reach the posteroexterior corner of i2. The labial surface of the
symphysis is slightly concave, with a few tiny nutrient foramina.
The symphysis is shifted posteriorly, with a posterior border at
the level of the p3/p4 boundary and a short diastema (49.4 mm)
between i2 and p2 (Fig. 4A). In lateral view, the symphysis is
moderately elevated from the horizontal ramus (Fig. 4B).

The mental foramen, located under p2 and at the lower part
of the horizontal ramus, is narrow, horizontal, and long (22.2 x
7.5 mm). On the right side, there is a small foramen under the
mental foramen and below the p2/p3 boundary. The horizontal
ramus is moderately high and thick, with a height of 77 mm and
a thickness of 41.5 mm at the p4/ml boundary. Here its lower
margin is slightly curved. There is a wide and moderately deep
groove on the lingual surface of the horizontal ramus, corre-

sponding to the sulcus mylohyoideus. The mandibular angle is
rounded and thick, with a strong ridge at the lower part and a
minimal thickness of 22.3 mm. The vascular impression is con-
spicuous (Fig. 4B).

The ascending ramus is oblique anteriorly and dorsally. Its an-
terior margin is 38 mm from m3. The condyle is long, with a
strong constriction at its inner half, a wide and deep groove, and
a wide and rounded ridge behind it. The lateral and median sur-
faces of the ascending ramus are broadly and deeply depressed,
and the anterior surface is wide (34 mm at the base), deeply con-
cave and sharp superiorly. The mandibular foramen is large and
circular. The coronoid process is broken, but its base occupies
more than one-half of the ascending ramus in lateral view.

Teeth

The upper cheek tooth rows are straight and slightly conver-
gent anteriorly (Fig. 2C). The lower tooth rows are almost paral-
lel (Fig. 4A). Both DP1 and dpl are absent (Fig. 5). The dental
formula is 7I/3P/3M and 2i/3p/3m. The premolars are long, with a
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FIGURE 3. Occipital surface of Aceratherium porpani, sp. nov., from
Tha Chang in Nakhon Ratchasima, Thailand, PRY 142. (Color figure
available online.)

p2—p4/m1-m3 ratio of 0.76. The tooth crowns are subhypsodont
(Table 3), without cement cover and labial cingulum. The two
lower second incisors (i2) are lost, but their huge alveoli (trans-
verse diameter: 26.5 mm) imply that they are large tusks. There
are two alveoli of dil with an anteroposterior diameter of 14 mm.

P4—The crochet is robust and long, with a sharp and labially
pointed end. The protoloph is ‘S’-shaped, slightly oblique pos-
terolingually, and the metaloph is posterolingually inclined and
centrally constricted. There is a pillar on the open entrance of
the median valley. The posterior valley is large and closed after
heavy wear. The protocone is not constricted, with a rounded lin-
gual border. The labial wall is shallowly undulated, with a weak
parastyle fold and a wide, low paracone rib. The parastyle is
weak. The crista and antecrochet are absent. The hypocone is
larger and more rounded than the protocone (Fig. 5A).

Upper Molars—The antecrochet is short and posteriorly
pointed on M1 and M2, but absent on M3. The crochet is robust,
simple, and moderately long, and the crista is absent. The lingual
cingulum is absent on M1 and M2, and pillars are present on the
entrance of the median valley of M3. The lingual border of the
protocone is rounded on M1 and flat on M2 and M3, without a
lingual groove. The parastyle projects strongly, and it is moder-
ately wide on M1 and M2, but narrow on M3. The anterior groove
is weak on M1 and M2, and absent on M3. The posterior valley
is nearly closed on M1, but open on M2. The metastyle is long
and wide, with a flat posterior margin. The protoloph is slightly
oblique, and the metaloph is long and nearly transverse, so the
hypocone is more lingually positioned than the protocone on M2.
The protocone is strongly constricted on M1 and M2, but weakly
on M3. There is a small plication in the posterior groove of the
protocone of M1. The hypocone is constricted, with an anterior
fold on M1, but not constricted on M2. The labial wall undulates
weakly. The paracone rib is weak on M1, and moderate on M2
and M3. The metacone fold is shallow. The posterior cingulum is
reduced on M1 and M2, and ridge-like on M3. The median valley
is open. The posterior valley is large and closed near the crown
base. The ectoloph and metaloph merge completely on M3 so
that the occlusal outline of this tooth is triangular (Fig. 5A).

Lower Cheek Teeth—The absence of a contact facet in front
of p2 indicates the absence of dpl. The labial valley is deeply

i2 alveolus
dil alveolus

mental foramen

vascular impression angle

FIGURE 4. Mandible of Aceratherium porpani, sp. nov., from Tha
Chang in Nakhon Ratchasima, Thailand, PRY 141. Photograph to the
top; interpreted drawing and photograph to the middle and bottom. A,
occlusal view; B, lateral view. (Color figure available online.)

‘V’-shaped until the crown base. The anterior lobe is angular in
shape, with an acute angle between the protolophid and the met-
alophid. The paralophid is present on the premolars, but absent
on the molars (totally worn out on m1 and m2 and pointing for-
ward on m3). The posterior valley is widely U-shaped in occlusal
view but ‘V’-shaped in lingual view. The entolophid is slightly
oblique. The lingual cingulum is absent, but there is a pillar on
the entrance of the posterior valley of m1. On p2, the paralophid
is narrow and sharp, the paraconid is reduced, and the posterior
valley is open lingually (Fig. 5B). The m3 is much narrower than
ml and m2.

Because only one skull and one mandible have been assigned
to Aceratherium porpani, individual variation in these cranial,
mandibular, and dental characters cannot yet be assessed for this
new species. However, the broadly separated parietal crests, the
narrow symphysis, and the short diastema are probably charac-
ters indicative of a female individual.

COMPARISON AND DISCUSSION

Cuvier (1822) named the species Rhinoceros incisivus based
on an isolated first upper incisor of large size from the mid-
dle Miocene locality of Weisenau in Germany, but the tooth
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FIGURES. Cheek teeth of Aceratherium por-
pani, sp. nov., from Tha Chang in Nakhon
Ratchasima, Thailand. A, upper right cheek
teeth, PRY 142; B, lower left cheek teeth, PRY
141. (Color figure available online.)

unambiguously belongs to a representative of the tribe Teleocer-
atini. Kaup (1832) described two skulls of a hornless rhinoceros
from the late Miocene locality of Eppelsheim in Germany, and
he erected a new genus Aceratherium for them, but used Cuvier’s
species name. The prevailing usage of Aceratherium incisivum
Kaup, 1832, is conserved in fact (Giaourtsakis and Heissig,
2004). Since Kaup (1832), many rhinoceroses, at least 83 species,
have been described as species of Aceratherium, relegating this
genus to a wastebasket taxon. As Prothero (2005) indicated, the
paleontologists of the late 19th and early 20th centuries were
typological ‘splitters,” who recognized new taxa based on every
slight variation in teeth. Later, however, most of the species were
referred to other genera within the subfamily Aceratheriinae or
to other rhinocerotoid suprageneric taxa, such as Acerorhinus,
Alicornops, Amphicaenopus, Aphelops, Aprotodon, Brachy-
potherium,  Chilotherium, Diaceratherium, Diceratherium,
Didermocerus, Eggysodon, Hoploaceratherium, Hyracodon,
Menoceras, Mesaceratherium, Paraceratherium, Peraceras,
Plesiaceratherium, Pleuroceros, Protaceratherium, Rhinoceros,
Ronzotherium, Subhyracodon, and Teleoceras. For example, in
South Asia, Aceratherium perimense Falconer and Cautley, 1847,
A. planidens (Lydekker, 1876), A. iravadicus (Lydekker, 1876),
and A. lydekkeri Pilgrim, 1910, were reviewed and combined into
the teleoceratine species Brachypotherium perimense (Colbert,
1935); in North America, Aceratherium occidentalis (Leidy,
1850), A. quadriplicatum (Cope, 1873), A. trigonodum Osborn
and Wortman, 1894, and A. exiguum Lambe, 1908, were referred
to Subhyracodon occidentalis (Leidy, 1850) (Prothero, 2005); and
in Europe, Aceratherium tetradactylum (Lartet, 1837) typified
Hoploaceratherium as H. tetradactylum (Ginsburg and Heissig,
1989). Now the genus Aceratherium includes A. incisivum
and A. depereti Borissiak, 1927, which are distributed across
Eurasia, although Heissig (1999) proposed that Aceratherium is
a monospecific genus with the sole species A. incisivum. On the
other hand, Geraads and Sarag (2003) have suggested that most
acerathere ‘genera’ correspond to poorly defined evolutionary
grades rather than to clades. Antoine et al. (2010) made a
preliminary cladistic analysis including the acerathere clades.
Aceratherium huadeensis has not been discussed or revised
since it was established from the late Miocene of Inner Mongolia,
China (Qiu, 1979). The original author correctly indicated that
this species was not similar to Aceratherium incisivum, but was
very similar to Aceratherium zernowi from Sevastopol, Ukraine
(Borissiak, 1914). Kretzoi (1942) had referred Aceratherium zer-
nowi to as the type species of the new genus Acerorhinus still
in use today. Accordingly, ‘Aceratherium huadeensis Qiu, 1979,

should be referred to as Acerorhius huadeensis (Qiu, 1979)
based on its expanded protocones and hypocones, weak ante-
crochets, flat labial walls, and slightly oblique protolophs and
metalophs.

Aceratheres sensu lato (i.e., including Mesaceratherium) are a
widespread group of hornless or small-horned rhinoceroses. They
are considered to be a paraphyletic group, mostly defined by
symplesiomorphies (e.g., Antoine et al., 2003, 2010). The earliest
known acerathere is Mesaceratherium gaimersheimense Heissig,
1969, from the late Oligocene in Gaimersheim, Germany (Heis-
sig, 1999). In the Miocene, aceratheres became very common in
Eurasia, and they also dispersed into North America and Africa
(Prothero et al., 1989). The narrow skull, the moderately broad
mandibular symphysis with tusk-like lower incisors, and the high
crowned cheek teeth with constricted protocones indicate that
the Tha Chang specimens belong to the subfamily Aceratheri-
inae. The highly molariform premolars and the moderately de-
veloped molar antecrochets indicate that the Tha Chang rhino
belongs to the genus Aceratherium (Heissig, 1989, 1999).

In Eurasia, there are many genera included within the sub-
family Aceratheriinae (e.g., Prothero and Schoch, 1989). DP1
is absent in the Tha Chang skull, which is contrary to what
is observed in Aceratherium incisivum, A. depereti, Hoploac-
eratherium tetradactylum, and most ‘aceratheres.” The concave
ventral side of the symphysis, the strong subvertical facial crest,
and the very short distance of the nasal notch to the orbit
are characters hitherto unknown in the genus Aceratherium but
present in Acerorhinus (Heissig, 1999). On the other hand, the
Tha Chang skull narrows from the frontals to the nasals, not
abruptly as in Acerorhinus (Kretzoi, 1942), but gradually. More-
over, the molar protocones of Acerorhinus zernowi are not
constricted (Borissiak, 1914), the posttympanic processes of A.
hezhengensis and A. fuguensis are strongly expanded laterally
(Qiu et al., 1988; Deng, 2000), and the maxillary surface of A.
tsaidamensis is deeply depressed (Bohlin, 1937). As a result, the
species of the genus Acerorhinus are easily distinguished from the
Tha Chang form.

The weakly posteriorly narrowing frontal bones and slightly
laterally expanded zygomatic arches of the Tha Chang skull are
different from those of Alicornops, which are strongly narrow-
ing and expanded respectively (Deng, 2004). The nuchal crest is
straight in dorsal view, and the antecrochet is absent on P4 in the
Tha Chang skull, but the nuchal crest is concave, and the antecro-
chet is strong in Pleuroceros (Antoine et al., 2010). The crochets
are strong, the metalophs are long, the bridge is absent on P4, and
the paracone rib is weak on M1 in the Tha Chang rhino, whereas
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the crochets are weak, the metalophs are short, the bridge is
present on P4, and the paracone rib is strong on M1 in Mesac-
eratherium (Heissig, 1969). Compared with Hoploaceratherium
(Ginsburg and Heissig, 1989), the absence of DP1, the stronger
crochet on P4, and the more reduced paralophid on p2 are the
distinguishing characters of the Tha Chang rhino. Compared with
Plesiaceratherium from the early and middle Miocene of Eurasia
(Yan and Heissig, 1986), the broad braincase, the broadly sepa-
rated parietal crests, the long metalophs, and the strongly con-
stricted protocones are the most important features of the Tha
Chang skull.

Chilotherium is easily distinguished from the Tha Chang rhino,
because the former has a strongly expanded mandibular symph-
ysis, a long diastema between i2 and p2, strong antecrochets, pos-
teriorly oblique metalophs, and weak paracone ribs (Ringstrom,
1924). Geraads and Koufos (1990) described the new species Ac-
eratherium kiliasi from the upper Miocene at Pentalophos-1 in
Macedonia, Greece, but Heissig (1999) referred it to the genus
Chilotherium based on its strongly expanded mandibular symph-
ysis. Ch. kiliasi is different from the Tha Chang form in having
highly curved zygomatic arches and separated posttympanic pro-
cesses from the postglenoid process. Shansirhinus is character-
ized by elaborate enamel plications, moderately separated pari-
etal crests, and a posterior border of the mandibular symphysis at
the p2/p3 boundary (Deng, 2005), which are different from those
of the Tha Chang rhino.

Heissig (1972) established a new subspecies, Chilotherium
intermedium complanatum, from Siwalik deposits in Pakistan,
with reduced and flattened antecrochet and weaker or ab-
sent posterior groove of the protocone. Heissig (1975) referred
Ch. intermedium to a new subgenus, Subchilotherium, i.e., Ch.
(Subchilotherium) intermedium. Heissig (1989) promoted Sub-
chilotherium as a genus, and Deng and Gao (2006) described a
skull and three mandibles of Subchilotherium intermedium from
Yuanmou, Yunnan, in China. Subchilotherium is different from
the Tha Chang rhino in the absence of antecrochets, and hav-
ing a narrow sagittal crest, short metalophs, strong paracone ribs,
an anteriorly shifting mandibular symphysis, and a long diastema
between i2 and p2 (Heissig, 1972; Deng and Gao, 2006). Antoine
et al. (2003) revised Chilotherium intermedium complanatum as
Alicornops complanatum, but their new material was only a lower
tooth row from Bugti Hills in Pakistan, without new characters to
add the original diagnosis of Heissig (1972).

The genera of the subfamily Aceratheriinae are few in North
America. On the upper cheek teeth of the Tha Chang rhino,
the crochets are strong, the metalophs are long, and the ante-
crochets are marked on M1 and M2, but Floridaceras lacks an-
tecrochets, and has short metalophs and weak crochets (Wood,
1964). The Tha Chang rhino is distinguished from Aphelops by its
broadly separated parietal crests, deeper nasal notch at the level
of the P4/M1 boundary (Aphelops at anterior P4), flat skull roof,
constricted molar protocones, and weakly expanded zygomatic
arches. The Tha Chang rhino is distinguished from Peraceras by
its dolichocephalic skull, constricted molar protocones, long met-
alophs, and absence of lingual cingulum (Prothero, 2005).

Africa has only two endemic acerathere genera, i.e.,
Chilotheridium Hooijer, 1971, and Turkanatherium Deraniya-
gala, 1951 (Geraads, 2010). Chilotheridium is different from the
Tha Chang rhino in having moderately separated parietal crests,
a narrow mandibular symphysis, short metalophs, and a lower
position of the orbit far from the skull roof (Hooijer, 1971).
Turkanatherium is different from the Tha Chang rhino in having
a vertical occipital surface, a concave skull roof, a sagittal crest
met by parietal crests, and a shallow nasal notch anterodorsal to
P3 (Deraniyagala, 1951).

In South Asia, the non-acerathere Brachypotherium is very
common (Heissig, 1972), and includes the late Miocene ‘Ac-
eratherium’ lydekkeri and the middle Miocene ‘Aceratherium’

TABLE 1. Measurements (in mm) and comparison between skulls of
Aceratherium porpani and other species of Aceratherium.

Measures A. porpani A. incisivum A. depereti
5. Minimal width of braincase 75 — —
6. Distance between nuchal crest 224.5 282 247
and postorbital process

7. Distance between nuchal crest 251.5 313 296
and supraorbital tuberosities

8. Distance between nuchal crest 282 336 313
and lachrymal tubercle

9. Distance between nasal notch 49 58 60
and orbit

13. Distance between occipital 201 251 240

condyle and M3

15. Width of nuchal crest 110 180 101

16. Width between mastoid 161 270

processes
17. Minimal width between 59.4 21 11

parietal crests

18. Width between postorbital 114.2 — —
processes

19. Width between supraorbital 126.5 237 200
tuberosities

20. Width between lachrymal 131.5 — —
tubercles

21. Maximal width between ~ 250 395 —
zygomatic arches

22. Width of nasal base 70.6 116 117

23. Height of occipital surface 107 110 —

26. Cranial height in front of M1 158.5 187 187

27. Cranial height in front of M3 154 165 198

29. Palatal width in front of M1 55 99 —

30. Palatal width in front of M3 74 100 —

31. Width of foramen magnum 41.3 56 —

32. Width between occipital 95.2 143 —
condyles

Numbers (5-32) follow the protocol of Guérin (1980). A. incisivum and A.
depereti are measured on the figures (Hiinermann, 1989; Borissiak, 1927).

perimense, both known in central Myanmar (Zin-Maung-Maung-
Thein et al., 2010) near Thailand, and they should be Brachy-
potherium perimense as Colbert (1935) indicated. B. perimense
is different from the Tha Chang acerathere in having narrowly
separated parietal crests, laterally expanded zygomatic arches,
strong supraorbital tuberosities, a deep nasal notch above the
P4/M1 boundary, and short metalophs on molars (Heissig, 1972).

The skull and especially the teeth of Aceratherium por-
pani resemble those of A. incisivum from Eppelsheim (Kaup,
1932) and Howenegg (Hiinermann, 1989). Their common char-
acters include an elongated skull, non-projecting orbits, moder-
ate supraorbital tuberosities, nearly vertical zygomatic arches,
a rounded braincase, a narrow nuchal crest, a wide intercondy-
lar notch, compressed and straight postglenoid processes, thin
and weakly expanded posttympanic processes, a wide U-shaped
choana reaching the M2/M3 boundary, subhypsodont teeth, tusk-
like 12, strong crochets, shallowly undulated labial walls, weak
paracone ribs, narrow parastyles, constricted molar protocones,
short and posteriorly pointed molar antecrochets, absent lingual
cingulum on molars, a well-developed labial cingulum on the
lower premolars, a weak or absent crista on the upper molars,
a molar protocone with a rounded lingual margin, a strong molar
parastyle fold, and a slightly constricted protocone on the mo-
lars. On the other hand, there are some differences between the
Tha Chang specimens and A. incisivum from Eppelsheim and
Howenegg. A. incisivum is much larger than A. porpani (Tables 1,
2). The skull of A. incisivum has converging parietal crests, but
the Tha Chang skull has very broadly separated ones. The poste-
rior parts of the zygomatic arches are more expanded in A. inci-
sivum than in the Tha Chang skull. The nuchal crest is concave in
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TABLE 2. Measurements (in mm) and comparison of mandibles be-
tween Aceratherium porpani and other species of Aceratherium.

Measures A. porpani A. incisivum A. depereti
1. Length 431 486.5 > 460
2. Distance between symphysis 338.5 377.5 —
and angular process

3. Height of horizontal ramus 64.5 70.5 —
in front of p3

4. Height of horizontal ramus 68 72 —
in front of p4

5. Height of horizontal ramus 77 75.8 65
in front of m1

6. Height of horizontal ramus 81.4 80.7 —
in front of m2

7. Height of horizontal ramus 84.5 84.9 85
in front of m3

8. Height of horizontal ramus 87.4 91.1 —
posterior to m3

9. Distance between horizontal 54.8 38.5 —
rami in front of m1

10. Distance between horizontal 71.8 40.4 —

rami in front of m3

11. Length of symphysis 107.5 125.5 —

12. Maximum width of 68.7 — —

symphysis

13. Anteroposterior diameter of 123 143.2 125

ascending ramus

14. Transverse diameter of 81 84.4 —

condyle

15. Height at condyle 21 2343 210

Numbers (1-15) follow the protocol of Guérin (1980). The measurements
of A. incisivum and A. depereti are from Guerin (1980) and Borissiak
(1927), respectively.

A. incisivum, but straight in the Tha Chang rhino. The anterior tip
of the maxillary zygomatic process is abrupt in A. incisivum, but
progressive in the Tha Chang rhino. The crista and medifossette
on P4 are developed in A. incisivum, but absent in the Tha Chang
form. The metalophs on M1 and M2 are short and transverse or
slightly oblique posteriorly in A. incisivum, but long and slightly
oblique anteriorly in the Tha Chang form. The hypocone on M1 is
rounded in A. incisivum, but constricted in the Tha Chang form.

The skull of A. porpani is similar to that of A. incisivum
from Yulafli in Turkey (Kaya and Heissig, 2001). They share
the weakly expanded posterior parts and almost vertical lateral
surfaces of zygomatic arches. Although the parietal crests are

TABLE 3. Measurements (in mm) and comparison of cheek teeth be-
tween Aceratherium porpani and other species of Aceratherium.

Teeth

A. porpani

A. incisivum

A. depereti

P4

M1
M2
M3

m3
M1-M3
p2-p4
p2-m3
ml-m3

43.0 x 53.0 x 28.0
453 x 573 x 253
51.1 x 55.3 x 33.5
37.7 x 48.3 x 38.2
25.7 x 16.6 x 24.5
35.4 x 23.7 x 21.6
35.7 x 26.0 x 24.0
40.3 x 28.6 x 18.0
43.0 x 28.0 x 20.8
423 x 243 x 17.2

131.3

104.5

247.2

143.2

43.9 x 53.2 x 44.5
50.1 x 53.7 x 44.0
53.9 x 52.7 x —
51.3 x 48.7 x 46.0
30.0 x 19.3 x 27.3
41.1 x 26.2 x 38.5
41.9 x 27.9 x 40.5
455 x 29.3 x —
50.7 x 27.2 x 39.2
48.3 x 26.7 x 32.0

137.6

101.9

233.1

131.3

44.8 x 58.8 x 28.1
47.4 x57.5 x 25.4
514 x 59.1 x 27.1
56.3 x 55.1 x 31.4
34.0 x 24.5 x 30.0
37.0 x 33.0 x 28.0
38.5 x 34.0 x 29.0
40.0 x 31.0 x 24.0
47.0 x 32.5 x 25.0
50.0 x 32.0 x 26.0

131.2

108.0

250.0

142.0

Length x width x height. Length of M3 is the length of the ectomet-
aloph. The measurements of A. incisivum and A. depereti are from Guérin
(1980) and Borissiak (1927), respectively.

more widely separated in A. incisivum from Yulafli than from
Howenegg, they are still narrower than those of the Tha Chang
form.

The upper cheek teeth of A. incisivum from Montredon
(Guérin, 1980:pl. 8, fig. A) have many common characters with
those of A. porpani, such as weakly undulated labial walls, strong
crochets, moderate antecrochets, long metalophs, and enlarged
protocones. On the other hand, differences between the two
species are the longer metalophs of A. porpani, which are flush
with or longer than the protolophs.

Aceratherium porpani and A. depreti from Jilancik in Turgai,
Kazakhstan (Borissiak, 1927), are similar with respect to their
nearly vertical and weakly expanded zygomatic arches. However,
in A. depereti, the parietal crests unite posteriorly to form a nar-
row and high sagittal crest, the metaloph is slightly oblique pos-
teriorly on M1 and M2, the crista is well developed and connects
with the crochet to form a medifossette on premolars, and the
crochet is distinctly shifted labially.

Aceratherium porpani is different from Aceratherium sp. from
Candir, Turkey (Geraads and Sarac, 2003). In the latter, P4 has
a continuous cingulum, a closed median valley, and a weak cro-
chet, which are primitive features; the mandible has a rather
long diastema between i2 and p2, which is longer than that of
A. porpani, and a posterior border of the symphysis at the level
of the anterior lobe of p3, which is more anterior than that of
A. porpani.

Chaimanee et al. (2004) listed Chilotherium palaeosinense in
the fauna associated with the hominoid Khoratpithecus piriyai
from Tha Chang. Ringstrom (1924) established Diceratherium
palaeosinense, and Heissig (1975) revised it as Chilotherium
(Acerorhinus) palaeosinense. Qiu et al. (1988) revived Acerorhi-
nus as a genus according to the original definition of Kret-
zoi (1942) and assigned Ch. (A.) palaeosinense to Acerorhinus
palaeosinensis. Later, Heissig (1989) accepted A. palaeosinense
and recognized it as belonging in the genus Acerorhinus. Com-
pared with the Tha Chang rhino, A. palaeosinensis of north-
ern China differs in its narrowly separated parietal crests, small
premolars, well-developed cristae, shorter metalophs, strong lin-
gual cingula, and shallow nasal notch above the P3/P4 boundary
(Ringstrom, 1924).

In the region adjacent to Thailand, late Miocene rhinocerotid
fossils were found from Yunnan Province, China. Deng and
Qi (2009) reported the late Miocene rhinocerotid fossils from
Lufeng in Yunnan, China, including two acerathere species,
Acerorhinus lufengensis and Shansirhinus cf. S. ringstroemi. The
Lufeng materials have only isolated teeth of these rhinocero-
ces. S. ringstroemi was also recognized at Banguo in Yuanmou,
Yunnan (Tang et al., 1974; Deng, 2005). Zong (1998) established
Acerorhinus yuanmouensis in Yuanmou, Yunnan. A. lufengen-
sis differs from A. porpani in having unconstricted protocones,
absence of antecrochet, weak crochets, and shorter and more
oblique metalophs. S. ringstroemi differs from A. porpani in hav-
ing rich enamel plications, well-developed medifossettes, very
short and oblique metalophs, and expanded hypocones. A. yuan-
mouensis differs from A. porpani in having narrowly separated
parietal crests and strongly constricted protocones.

Aceratherium porpani has several characters that are more de-
rived than in A. incisivum and A. depereti, such as very broadly
separated parietal crests, a straight nuchal crest, and longer met-
alophs on M1 and M2. But A. porpani also has some more prim-
itive characters than A. incisivum, such as narrow zygomatic
arches, a progressive anterior tip of the maxillary zygomatic pro-
cess, and absence of the medifossette on P4.

The very broadly separated parietal crests, an important de-
rived character in the morphological evolution of aceratheres, in-
dicate that the age of A. porpani may be later than the ages of Ac-
eratherium depereti and A. incisivum. A. depereti came from the
lower Miocene deposits of the Turgai region (Borissiak, 1927),
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and A. incisivum was distributed in MN 9-10 of the early late
Miocene of western Europe (Heissig, 1999). As a result, the age
of A. porpani should be the late late Miocene, corresponding
to the European Turolian, which is consistent with the age es-
timation of the fossiliferous deposits in Tha Chang Sand Pit 8
(Chaimanee et al., 2004, 2006).

The occipital surface of A. depereti is vertical or apparently
weakly deflected backward (Borissiak, 1927), which is a primi-
tive character compared with the posteriorly inclined occiput of
A. incisivum (Hinermann, 1989). The occipital surface of the Tha
Chang rhino is slightly inclined posteriorly or nearly vertical, and
the cheek teeth are subhypsodont, both indicating a woodland
habitat (Zeuner, 1934). This result is consistent with the paleob-
otanical evidence for the Tha Chang sand pits, which indicates
the occurrence of wet and tropical forest environments (Chaima-
nee et al., 2004, 2006).
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