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ABSTRACT—Shanshenmiaozui in the Nihewan Basin of China is the locality that has produced the richest sample of
Coelodonta nihowanensis material, including a nearly complete juvenile skull and mandible as well as various other cranial,
mandibular, and postcranial bones. All of the cranial and mandibular specimens belong to individuals around 1.5 years old.
On the basis of both qualitative morphological characters and osteometric measurements, the new specimens can be provi-
sionally referred to the species Coelodonta nihowanensis. They also fall within the range of variation seen in late Pleistocene
Coelodonta antiquitatis, but are distinct from this species in having developed cingula, relatively low-crowned teeth either with
or without very thin cement on the surface, vestigial lower incisors, less backward-curved protolophs, and more slender limb
bones. The newly discovered juvenile skull of Coelodonta nihowanensis from Shanshenmiaozui represents the only known
complete juvenile skull of an early member of Coelodonta, and therefore has great significance for understanding the devel-
opment and evolution of the genus. Extensive comparisons with all other Coelodonta species, and with extant rhinoceroses,
indicate that the new specimens are much more similar to the true woolly rhino Coelodonta antiquitatis than to any other
taxon.

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

INTRODUCTION

The woolly rhinoceros is a characteristic Pleistocene animal
that was once very widespread throughout the northern part of
continental Eurasia and flourished mainly during the late Pleis-
tocene. The rapid evolution and broad distribution of the taxon
represent a paleontological mystery, and knowledge about its ori-
gins is still very limited.

Until the late 1960s, the true woolly rhino Coelodonta antiq-
uitatis (Blumenbach, 1799) was the only species in the genus
Coelodonta Bronn, 1831. Additional new species and subspecies
were subsequently established, which made the taxonomic sit-
uation of the woolly rhino clade more complicated. It is now
clear that woolly rhinos cannot be used as index fossils for the
late Pleistocene, but many uncertainties about these taxa remain.
The fact that the genus Coelodonta is now known to be non-
monospecific raises the question of how Coelodonta evolved, and
that of when and where C. antiquitatis originated.

The fossil record of Coelodonta is very rich in China, spanning
the entire Pleistocene and even extending back into the Pliocene
(Deng et al., 2011). To date, all of the earliest known occurrences
of Coelodonta are in Chinese strata (Fig. 1). Some of these early
specimens have been named as new species (Kahlke, 1969; Chow,
1978; Qiu et al., 2004; Deng et al., 2011) or subspecies (Chia and
Wang, 1978; Chow, 1979), but others have been directly referred
to the species C. antiquitatis (Teilhard de Chardin and Piveteau,
1930; Tang et al., 1983; Li, 1984; Zheng et al., 1985). Because of
the poor quality of the early Pleistocene specimens referred to C.
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antiquitatis, they generally received little attention. Fortunately,
some very well preserved fossils of early woolly rhinos have been
discovered at the Shanshenmiaozui site in the Nihewan (= Ni-
howan) Basin in recent years (Tong et al., 2011), which dates
to ca. 1.3 Ma. Based on morphological characters and osteomet-
ric data, the new specimens can be provisionally placed within
the species C. nihowanensis Kahlke, 1969. This locality has pro-
duced the best early Coelodonta fossils ever recovered, and this
material has great significance for understanding the evolution of
Coelodonta and the origin of the true woolly rhino. In this pa-
per, we describe the newly collected Coelodonta material from
Shanshenmiaozui, and reexamine rhino specimens collected by
Teilhard de Chardin from the Nihewan Basin in the 1920s. We
also compare the Nihewan material with fossils of C. antiquitatis
from Sjara-osso-gol.

TERMINOLOGY AND METHODS

Terminology—The terminology applied to tooth crown cusps
and lophs is well established in the case of the upper teeth, but no
similar consensus exists for the lower teeth and particularly for
the lophids. The conflicting nomenclatural schemes for the fea-
tures of the lower teeth were aptly summarized by Qiu and Wang
(2007). The terminology used in this paper (Fig. 2) was mainly
derived from the following references: Guérin (1980), Garutt
(1994), Markovic (1998), Holbrook (2001), Antoine (2002), Qiu
and Wang (2007), Tong and Guérin (2009), and van der Made
(2010). Measurements of the teeth and bones were taken ac-
cording to the methods of the following authors: Guérin (1980),
Kahlke and Lacombat (2008), and van der Made (2010). All mea-
surements are given in millimeters.

Abbreviations—BMNH, Beijing Museum of Natural History,
Beijing, China; BPI, Bernard Price Institute for Paleontological
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FIGURE 1. Map showing distribution of early Pleistocene Coelodonta in northeast Asia. 1, Longdan; 2, Danangou; 3, Xihoudu (= Hsihoutu); 4,
Tunliu; 5, Wenxi; 6, Linyi; 7, Xiashagou; 8, Nihewan Village; 9, Xiaochangliang; 10, Shanshenmiaozui; 11, Gonghe; 12, Hutouliang; 13, Western
Transbaikalia. I, Qinghai; II, South Shanxi; III, Nihewan Basin.

Research, University of the Witwatersrand, Johannesburg, South
Africa; CKT, Chou-kou-tien (=Zhoukoudian); H, height; IVPP,
Institute of Vertebrate Paleontology and Paleoanthropology,
Beijing, China; Mc, metacarpal; Mt, metatarsal; MNHN, Muséum
National d’Histoire Naturelle, Paris, France; MNQ, Neogene
and Quaternary Mammalian Biozones (Mammifères Néogènes
et Quaternaires); NHW, Nihewan (= Nihowan); SJA, Sjara-
osso-gol, Inner Mongolia; SSMZ, Shanshenmiaozui; TNP, Tian-
jin Natural History Museum (= Musée Hoang ho Pai ho), Tian-
jin, China; ZRC, Zoological Reference Collection (National Uni-
versity of Singapore), Singapore.

SYSTEMATIC PALEONTOLOGY

Class MAMMALIA Linnaeus, 1758
Order PERISSODACTYLA Owen, 1848
Family RHINOCEROTIDAE Gray, 1821

Subfamily RHINOCEROTINAE Gray, 1821
Tribe DICERORHININI Loose, 1975
Genus COELODONTA Bronn, 1831

Generic Diagnosis—See Qiu et al. (2004).
Included Species and Subspecies—Coelodonta antiquitatis

(Blumenbach, 1799); Coelodonta tologoijensis Beliajeva, 1966;

FIGURE 2. Dental nomenclature. A, upper
cheek tooth; B, lower cheek tooth.
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Coelodonta nihowanensis Kahlke, 1969; Coelodonta antiquitatis
shansius Chia et Wang, 1978; Coelodonta antiquitatis yenshanen-
sis Chow, 1979; Coelodonta antiquitatis praecursor Guérin, 1980;
Coelodonta thibetana Deng et al., 2011.

COELODONTA NIHOWANENSIS Kahlke, 1969
(Figs. 2, 3, 4A, B, 5A–D, F, H, 7, 8, and 9B)

Rhinoceros cf. tichorhinus (Cuvier): Teilhard de Chardin and
Piveteau, 1930:17–19, text-fig. 7, pl. II, figs. 3, 5, 7 and 9.

Coelodonta antiquitatis (Blumenbach, 1799): Li, 1984:64–65,
pl. I, figs. 11–12.

Coelodonta antiquitatis (Blumenbach, 1799): Wei et al.,
1985:227, pl. I, fig. 4.

Coelodonta antiquitatis (Blumenbach, 1799): Tang et al.,
1995:79, pl. I, fig. 4.

Specific Diagnosis—See Qiu et al. (2004).
Referred Specimens—Juvenile cranium and mandible (IVPP

V 17616.1, V 17616.2) with complete deciduous dentition
(DP1–4/dp1–4); maxilla with DP1–3 (V 17616.3); partial cra-
nium with DP1–4 (V 17616.4); broken mandible with dp3–4 (V
17616.5); partial right scapula (V 17616.6); cervical vertebrae
C1–C6 (V 17616.7–12); deformed right humerus (V 17616.13);
left radius (V 17616.14) and a distal radial epiphysis (V 17616.15);
two broken ulnae (V 17616.16–17) and two left distal ulnar epi-
physes (V 17616.18–19); two left pyramidals (V 17616.20–21); left
scaphoid (V 17616.22); two magnums (V 17616.23–24); left unci-
nate (V 17616.25); right semilunar (V 17616.26); left metacarpal
II (V 17616.27), left Mc III (V 17616.28) and left Mc IV (V
17616.29); two tibiae (V 17616.30–31); right fibula (V 17616.32);
right calcaneum (V 17616.33); four astragali (V 17616. 34–37);
right cuboid (V 17616.38); right Mt II (V 17616.39), right Mt III
(V 17616.40), and right Mt IV (V 17616.41); phalanges 1–3 of foot
digit III (V 17616.42–44).

Locality and Horizon—40◦13′08′′N, 114◦39′54′′E, Shanshen-
miaozui, Yangyuan County, Hebei Province, China; early Pleis-
tocene.

DESCRIPTION

Juvenile Cranium—The juvenile cranium is almost completely
preserved, with slight damage to the zygomatic arch, the tip of
the nasal, and the premaxilla. The nasal and frontal are slightly
displaced from their natural positions. The deciduous dentition
is quite well preserved (see Table S1 in Supplemental Data for
measurements).

In dorsal view (Fig. 3A), the nasal bones widen in the caudal
direction and the internasal and nasofrontal sutures remain un-
fused. The nasofrontal contact lies at the level of the anterior
border of the lacrimal. There is no visible rugosity to mark the
position of the nasal horn boss. The broadest part of the frontal
corresponds with the level of the anterior border of the orbit. The
sutures, including the interfrontal, nasofrontal, and frontopari-
etal, remain unfused. The frontoparietal suture is at the level of
the narrowest part of the cranium and the anterior edge of the zy-
gomatic process of the temporal. The dorsal surface of the frontal
is flat. The frontal horn boss cannot be detected yet. The parietal
has two halves and exhibits a butterfly-like outline in dorsal view.
The sutures surrounding the parietal, including the sagittal, pari-
etosquamosal, frontoparietal, and the parieto-interparietal ones,
are not yet fused. The anterior boundary of the parietal is in-
terrupted by a small indentation that accommodates the frontal
process, whereas the posterior part of the bone forms a notch to
receive the anterior part of the interparietal. The parietal ridges
approach one another most closely at the level of the posterior
concavity of the parietal. The interparietal is well developed and
triangular in shape, forming a long interparietal process that fits
into the posteromedian parietal notch.

In lateral view (Fig. 3B), the profile of the parietal is quite flat,
whereas the anterior part of the frontal forms a slight convexity.
The wing of the nasal contacts both the lacrimal and the max-
illa. Because of breakage in the lacrimal area, however, the de-
tails of the nasal and maxillary contacts with the lacrimal are not
very clear. The anterior part of the maxilla is broken. The sutures
around the maxilla, including the nasomaxillary, lacrimomaxil-
lary, and jugomaxillary ones, remain unfused. The maxilla and
nasal form the floor and roof of the nasal notch, respectively. The
nasal notch is high at the entrance, but declines toward the base.
The zygomatic process of the maxilla arises from the level of DP4
and the anterior border of the orbit, whereas the posterior end of
the nasal notch lies above DP3. The infraorbital foramen is rela-
tively large. The lacrimal is horizontally elongated. The lacrimal
or preorbital tubercle, below which is the lacrimal foramen, is
well developed. The area of contact between the frontal and pari-
etal is slightly concave. The postglenoid process is moderately de-
veloped. The external acoustic meatus is funnel-like, overhung
by the temporal crest, and bordered inferiorly and posteriorly by
the posttympanic process and anteriorly by the postglenoid pro-
cess. The temporal crest meets the nuchal crest, whereas the post-
tympanic process contacts both the postglenoid process and the
paroccipital one. The occipital crest extends upward and mod-
erately backward. The temporal crest lies at a slightly higher
level than the superior margin of the zygomatic arch, rather than
much lower as in other genera. The posterior margin of the ptery-
goid plate is gently sloped backward. The posttympanic process
is moderately developed, but the details of its contact with the
paroccipital process are unclear because of breakage. It is cer-
tain, however, that the posttympanic process contacts the poste-
rior margin of the postglenoid process and closes off the subaural
channel.

In posterior or nuchal view (Fig. 4A1), the posterior part of
the temporal and the posttympanic process as well as the occiput
are visible. The outline of the occiput is trapezoidal. The nuchal
crest at the superior margin of the occiput is convex rather than
straight. The occiput is moderate in height. The occiput is com-
posed of four parts: the supraoccipital, the two exoccipitals, and
the basioccipital. Most of the sutures remain partly open. How-
ever, the suture between the interparietal and the supraoccipi-
tal is fused completely. The foramen magnum is large and pear-
shaped. The occipital condyles and the paroccipital process are
damaged.

In palatal view (Figs. 3C, 4B, 5A), the palatal surface is trench-
like, with the middle part, including maxilla and horizontal part
of the palatine, very flat and the alveolar process of the maxilla
rising very sharply. The transverse palatine suture is straight, and
the palatine foramen is small (Fig. 4B). The margin of palatine
notch and the root of the zygomatic arch lie at the same level
as DP4. The basioccipital is short, with a narrow keel on its ante-
rior portion, and the basioccipital-basisphenoid contact lies at the
same level as the postglenoid process. The choana is broad. The
middle portion of the basisphenoid bears a keel, which is flanked
by a narrow platform on either side. The vomer is damaged, and
its form is not clear. A groove extends posteriorly from the open-
ing of the large caudal alar foramen (alisphenoid canal). Because
of damage, the position of the contact between the alisphenoid
and the pterygoid is uncertain. The maximum width across the
zygomatic arches occurs at the same level as the minimum width
of the braincase.

In anterior view (Fig. 4A2), the nasal opening is broad, high,
and nearly rounded, and the infraorbital foramen is large.

The Juvenile Mandible—A juvenile mandible discovered near
the cranium exhibits approximately the same stage of tooth erup-
tion, and definitely belongs to the same individual, although it
was not preserved in articulation. Apart from slight damage to
the tip of the mandibular symphysis and the coronoid process,
the mandible is quite well preserved, and the left dp1–4, right
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FIGURE 3. Juvenile cranium of Coelodonta ni-
howanensis from SSMZ, V 17616.1. A, dorsal view;
B, lateral view; C, palatal view.

dp1, and right dp3–4 are all in situ. The mandibular symphysis
is slightly constricted, and a vestigial di1 is visible in its alveo-
lus (Fig. 5F3). The ventral surface bears some nutrient foram-
ina. The inferior border of the slightly swollen mandibular body
is nearly straight, but the anterior part is slightly elevated. The
mental foramen is tiny and located just below dp1. On the lin-
gual aspect, the mandibular foramen is located below the level
of alveoli. The ascending ramus is inclined posteriorly. The dp1
is located posterior to the rear margin of the mandibular symph-
ysis. The length and width of the mandibular symphysis are re-
spectively 74 and 65, whereas the depth of the mandibular body
at the level of dp4 is 64.7.

The dentition of the SSMZ skull shows features characteristic
of tooth wear class IV as defined in Ceratotherium simum, which
corresponds to an age of around 1.5 years according to Hillman-
Smith et al. (1986). In accordance with the study of the dental

ontogeny of the woolly rhinoceros conducted by Garutt (1994),
the SSMZ calves were 1.5–2.0 years old (stage C:I) when they
died.

Upper Teeth—(See Figs. 2–5 and Table S2 in Supplemen-
tal Data for measurements.) Because the premaxilla was not
preserved, the presence or absence of the upper deciduous in-
cisors is not clear. Garutt (1994) reported that the upper milk in-
cisors occurred in no more than 4% of the studied samples of C.
antiquitatis.

The crown of DP1 has a triangular outline in occlusal view.
The metacone and hypocone are very well developed; the para-
cone is less well developed, and located in a very posterior posi-
tion; the protocone is tongue-like and in contact with both the
parastyle and the hypocone, respectively, but also maybe iso-
lated; the hypocone is in the form of a crest that is aligned per-
pendicular to the metaloph and extends forward to meet the
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FIGURE 4. Juvenile crania of Coelodonta
nihowanensis (A, B) and Coelodonta antiqui-
tatis (C1–4). A, V 17616.1, from SSMZ; B, V
17616.4, from SSMZ; C, SJA 30, from Sjara-
osso-gol. A1, occipital view; A2 and C4, ante-
rior views; B and C1, palatal views; C2, lateral
view; C3, dorsal view.

protocone, closing off the medisinus. The parastyle is less well
developed and in a much lower position than other main cusps
before abrasion, a condition that represents one of the most im-
portant characters of Coelodonta. The ectoloph is developed. The
protoloph (or paraloph) arises from the protocone, and contacts
both the parastyle and the hypocone. The metaloph is poorly de-
veloped, resulting in the formation of an ‘inner wall’ through con-
tact between the protoloph and the hypocone, and the angle be-
tween the ‘inner wall’ and the ectoloph is small. The crochet is
quite close to the hypocone. In some cases, the crista and crochet
are not in contact with each other, and the prefossette connects
with the medifossette. In other cases, however, the crista con-
tacts the protoloph, separating the trigon basin into a narrower
prefossette and a broader medifossette. The lingual side of the
protoloph bears a faint cingulum.

The crown of DP2 has a trapezoidal outline in occlusal view,
with the buccal side longer than the lingual side and the maxi-
mum width occurring at the level of protoloph. The anterior mar-
gin is not straight. The main cusps are well developed, with the
paracone located at the middle of the ectoloph. The profile of
the ectoloph is wave-like, each cusp or style corresponding with
a fold or rib on the ectoloph, and the paracone rib is the most

pronounced of these structures. The protoloph and metaloph are
developed. The crochet and crista are also developed, and come
together to form the medifossette. The medisinus is open. The an-
terior and posterior cingula are both developed, but the former is
shorter. A weakly developed cingulum is present at the entrance
of the medisinus.

The crown of DP3 also has a trapezoidal outline, with the buc-
cal side longer than the lingual one. The main cusps are devel-
oped, with the paracone located in a relatively anterior position,
but the styles are reduced. The situation of the profile of the ec-
toloph and the ribs are the same as in DP2. The protoloph is
curved backward and is better developed than the metaloph. The
crochet and crista are also developed, and come together to form
the medifossette. The medisinus is open. Anterior and posterior
cingula are developed, and the anterior cingulum bears a small
tubercle.

DP4 is similar in morphology to DP3, but is a larger tooth. The
main cusps are developed, with the paracone located more anteri-
orly than in DP3, but the styles are reduced. The ribs on the outer
wall are not so pronounced as in DP3, and the protoloph is better
developed than the metaloph. Anterior and posterior cingula are
developed, and the latter bears an enamel tubercle.
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FIGURE 5. Juvenile maxilla, mandible, and deciduous teeth of Coelodonta nihowanensis (A–D, F, and H), compared with those of Coelodonta
antiquitatis (E and G). A, maxilla with DP1–3 (V 17616.3); B, details of right DP1–4 (V 17616.4); C, left DP1–3 (V 7257-1); D, details of right DP1–4
(TNP 00196); E, details of left DP1–4 (SJA 30); F, mandible with dp1–4 and di1 (V 17616.2); G, mandible with dp1–4 (Inner Mongolia Museum, no
catalog number); H, left mandible with dp1–4 (V 7257–3). A, B, F, from SSMZ; C, H, from Danangou; D, from Xiashagou; E, G, from Sjara-osso-gol
in Ordos. A–E, F2–4, G2, H2, crown views; F1, G1, H1, buccal views. Images F4, H2, G2 are twice enlarged relative to the scale bar.
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FIGURE 6. Bivariate scatter plot of mea-
surements of DP1 in different species of
Coelodonta. Measurements of the Tologoi
DP1 were taken from the figures of Belayeva
(1966).

The characters of the upper deciduous teeth can be summa-
rized as follows: the enamel surface is rough with little cement,
the outer wall of the ectoloph is rugose, and the length/width ra-
tio of the crown is large. The total length of DP1–4 is 136.

Lower Teeth—(See Figs. 2 and 5 and Table S3 in Supplemental
Data for measurements.) The di1 is peg-like, with a sharp tip and
a diameter of 5.

The dp1 is simply constructed, and tongue-like in form. The an-
terior valley is not ‘U’-shaped. The cuspids other than the para-
conid are developed. Although the paralophid is only incipient
and the protolophid is poorly developed, the other lophids are
well developed. The surface of the ectolophid (protolophid +
hypolophid) is flat, and the external syncline is not pronounced.
The posterior valley is narrow, with its entrance located quite far
posteriorly, and intersects the longitudinal axis of the crown at a
small angle.

The dp2 is twice as large as dp1, and has two complete lobes.
The major cuspids are quite well developed, and a cristid erupting
from the paraconid is termed the parastylid in this paper. The
lophids are also developed, with the exception of the paralophid,
which may be absent (MNHN NIH 086) or weak (MNHN NIH
084; V 17616.2). The surface of the ectolophid is not flat. The
anterior valley is open, with enamel tubercles at the entrance, and
the posterior valley is narrow but quite deep.

The dp3 is obviously larger than dp2 and is also more
molarized, with a better-developed paralophid. However, the
parastylid of dp3 has disappeared, and the paraconid rib is more
prominent than that of dp2. Both valleys of dp3 are broad, and
the enamel tubercles at the entrance are much bigger than in dp2.

The dp4 is the same size as dp3, or slightly larger, and is com-
pletely molarized, but less hypsodont than the permanent molars;
the cuspids and lophids are quite well developed. Both valleys of
dp4 are broad, but lack enamel tubercles at their entrances.

Collectively, the lower teeth are characterized by the follow-
ing features: rough and uneven tooth surfaces, a high degree of
molarization, not flared tooth crown, and strong development of
the paraconid. Among the lower deciduous teeth, a parastylid is
present only in dp2 and dp3, but in the former tooth this structure
is very well developed. All of the lower deciduous teeth (dp1–4)
are double-rooted. The combined length of dp1–4 is 130.

Postcrania—(Figs. 7, 8; see Table S4 in Supplemental Data for
measurements.) The atlas (Fig. 7A, B) is distinct in appearance
from the other cervical vertebrae in having neither centrum nor
transverse foramen. In the specimen V 17616.7, the transverse
process is damaged, but the articular surface and dorsal and ven-
tral arches are well preserved. In dorsal view, an alar notch be-
tween the cranial surface and the transverse process is visible; the
cranial notch is shallow, but the caudal notch is deep and irreg-
ular in form. The dorsal tubercle is robust, with a rough surface.
A suboccipital foramen (Prothero, 2005), also known as the alar
foramen (Guérin, 1983), is present on each side of the dorsal tu-
bercle at the same level as the alar notch, opening to the side
and connecting to the vertebral canal. In ventral view, a devel-
oped, posteriorly protruding ventral tubercle is visible. In ante-
rior view, two kidney-shaped facets for articulation with the oc-
cipital condyles can be observed on the cranial surface, lateral to
the vertebral foramina and separated from each other by superior
and inferior notches. The caudal surface of the atlas articulates
with the axis and is irregular in form, but much flatter; the two
lateral facets are connected by the facet for the dens; the lower
portion of the vertebral canal becomes narrower, where the dens
is housed. The measurements are as follows: height 125, length
>110, width >196, and widths of anterior and posterior articular
surfaces 150 and 134, respectively. All of these measurements fall
within the known ranges of the corresponding ones for C. antiq-
uitatis from Western Europe (Guérin, 1983).

The structures of the axis (Fig. 7A, C) include the dorsal arch,
centrum, vertebral canal, transverse foramen, neural spine, odon-
toid process, and posterior articular process. No anterior articu-
lar process is present, and both the transverse process and the
transverse foramen are small. The vertebral body tapers anteri-
orly to form the protruding odontoid peg. The centrum is opistho-
coelous, and has a keel-like ventral surface. The measurements of
the axis are as follows: total length 131, width of the anterior ar-
ticular facet 59, and width of the posterior articular facet 129.

Other cervical vertebrae, including C3 to C6 (Fig. 7A), are
also preserved. In dorsal view, the anterior and posterior artic-
ular processes have a butterfly-like shape in outline. The neural
spines are very damaged. The articular facet of the anterior ar-
ticular process faces upward and has the shape of an irregular
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FIGURE 7. Vertebrae and forelimb bones of Coelodonta nihowanensis from SSMZ. A, cervical vertebrae I–VI (V 17616.7–12), dorsal views; B, atlas
(V 17616.7), cranial view; C, axis (V 17616.8), ventral view; D1–2, right scapula (V 17616.6), lateral and distal views; E1–2, left radius (V 17616.14),
anterior and posterior views; F, left pyramidal (V 17616.20), dorsal view; G, left semilunar (V 17616.26), posterior view; H, left scaphoid (V 17616.22),
dorsal and lateral views; I, left uncinate (V 17616.25), dorsal view; J1–3, right magnum (V 17616.23), medial, dorsal, and lateral views; K, left Mc II (V
17616.27); L, left Mc III (V 17616.28); M, left Mc IV (V 17616.29). K–M, dorsal views. Scale bars equal 50 mm.

polygon, but that of the posterior articular process faces down-
ward and is nearly round. The transverse foramen increases in
size from C3 to C5, but becomes smaller again in C6. The cen-
trum of each postaxial cervical is anteriorly convex and posteri-
orly concave, with a keeled ventral surface. However, the keel is
less pronounced in the more posterior vertebrae.

The blade of the only available scapula (Fig. 7D) has been
damaged over most of its surface, but parts of the spine and the
glenoid area are still intact. The preserved part of the caudal bor-
der of the blade is nearly straight. Both the coracoid process and
the supraglenoid tubercle are invisible. The articular surface has a
transverse diameter of 69 and an anteroposterior diameter of 94.
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The single humerus specimen is strongly compressed except at
its distal end. Both the coronoid and olecranon fossae are very
deep. No supratrochlear foramen is present. In anterior view, the
trochlea is very similar to that of the astragalus, and is divided by
a saddled groove into a stronger medial condyle and a smaller,
ridge-like lateral one. The medial condyle has a height of 101, and
the lateral condyle height is 73. Both the medial epicondyle and
the lateral one are damaged. The humerus (MNHN NIH 154)
from Xiashagou has strongly inclined trochlear ridges. The to-
tal length of the SSMZ humerus exceeds 433 (the length of the
Xiashagou humerus, for comparison, is 440), and the transverse
diameter of the distal articular surface is 99.

The radius (Fig. 7E) is represented only by the distal epiphysis
and part of the shaft. These portions of the radius are detached
from each other, implying that the bone is from a juvenile or a
subadult. In form, the radius resembles those of the later woolly
rhinos. The distal transverse diameter is 104, slightly larger than
in the SJA specimen, but within the range seen in specimens from
Xiashagou (82–115) (Teilhard de Chardin and Piveteau, 1930).
The distal articular surface has a length of 95 and a width of 56,
dimensions that slightly exceed those of the specimens from SJA.
However, they fall within the ranges seen in the woolly rhinos
from Western Europe, in which the length and width of the dis-
tal articular surface respectively measure 76.5–116 and 44–63.5
(Guérin, 1980).

A partial ulna lacking the distal end and olecranon is present
in the sample. This bone resembles its counterpart in the late
Coelodonta from Sjara-osso-gol in both morphology and size,
apart from having a less well developed lateral coronoid process.

The pyramidal or cuneiform (Fig. 7F) is very similar in mor-
phology to its counterpart in other rhinos, apart from having
larger articular facets on the medial surface. The proximal artic-
ular facet (ulnar facet) becomes narrow but uplifted at the rear
part. The distal articular surface has the approximate outline of a
rounded triangle.

The semilunar or lunar bone (Fig. 7G) has a crescentic (half-
moon) shape in lateral or medial view. The proximal surface
bears a broad and irregular convex facet for the radius. The
medial surface contacts the scaphoid, and the lateral surface
contacts the pyramidal. The superior edge of the dorsal sur-
face is much larger than the inferior one. The distal surface
is composed of two concave facets: the mediodistal facet artic-
ulates with the magnum, and the laterodistal facet articulates
with the unciform. In lateral view, a long volar process can be
observed.

One juvenile or subadult scaphoid (Fig. 7H) is available. The
proximal face of the scaphoid is entirely occupied by the facet
for the radius. This facet is essentially concave, with a median
anteroposteriorly trending valley, but the lateral half of the facet
for the radius is convex. On the lateral face are two narrow facets
for contact with the lunar bone. There are two distal facets, one
for the magnum and one for the trapezoid.

The unciform or uncinate (Fig. 7I) is very similar in morphol-
ogy to specimens of the same bone in C. antiquitatis, having broad
proximal and medial articular surfaces. The dorsal surface has
many foramina. The volar process is robust.

The adult magnum (Fig. 7J) has a fairly long posterior tuber-
cle (or volar process). This bone bears a proximal facet for the
scaphoid, a lateral facet for the unciform, and a distal facet for
Mc III. A juvenile magnum is remarkably smaller, and has a much
shorter volar process.

Mc II (Fig. 7K) was recognized during preparation in the labo-
ratory. This bone is slightly smaller than Mc III and quite straight,
with a proximal articular surface (for articulation with the trape-
zoid) that is small and ear-shaped. The facets for contact with the
magnum and Mc III are connected, forming a continuous surface.
Bulges occur on the medial and posterior sides of the proximal
end.

Mc III (Fig. 7L) is broad, flat, and straight, and the proximal
end of this bone bears five facets. The medial facet contacts Mc
II, the proximal facet is the largest and contacts the magnum, the
two lateral facets contact Mc IV, and the proximolateral facet
contacts the uncinate.

Mc IV (Fig. 7M) is markedly smaller than Mc III, with a bent
shaft and a pronounced notch on the lateral side. The proximal
end bears three facets; the proximal facet is the largest and con-
tacts the uncinate. The two proximomedial facets contact Mc III.

The tibia (Fig. 8A) is preserved intact. In anterior view, it
is evident that the cnemial crest or tibial tuberosity is moder-
ately developed at the proximal end, and that the groove for
middle patellar ligament does not extend far downward. At the
distal end of the tibia, the medial malleolus is not developed.
In posterior view, the popliteal fossa is moderately pronounced,
but the popliteal line is not prominent. A tongue-shaped pro-
cess arises from the medioposterior edge of the distal end and
extends downward, fitting into the median groove of the astra-
galus. In lateral view, the proximal articular facet for the fibula is
not well defined, but the distal facet is pronounced. The prox-
imal articular surface of the tibia is broad, and is divided into
medial and lateral condyles by an intercondylar eminence. The
tibial tuberosity is continuous with the lateral condyle, forming
a nearly straight proximolateral margin. The popliteal notch is
not deep, whereas the intercondylar eminences are moderately
high and pronounced. The intercondylar sulcus is pronounced,
but not deep, and extends to the popliteal notch. The distal ar-
ticular surface has the outline of an irregular quadrilateral, with
the lateral edge being the shortest. The articular fossa is not very
deep. A crista intermedia lies near the medial side of the articu-
lar surface and divides it into two portions, of which the medial
one is narrower transversely, longer anteroposteriorly, and much
deeper. The tibia is longer and more slender than those of Euro-
pean Coelodonta specimens.

The proximal end of the fibula (Fig. 8B) is absent, and the
length of the preserved shaft and distal end is 250. The distal end
measures 50 anteroposteriorly and 21 transversely. The distal ar-
ticular surface for the tibia measures 37 × 22, values close to those
of C. antiquitatis given by Borsuk-Bialynicka (1973).

Only one calcaneum (Fig. 8E) was recovered. The calcaneal
tuberosity, a moderately long process, has a slightly expanded
end and is obviously less mediolaterally compressed than in C.
antiquitatis specimens from Sjara-osso-gol. The calcaneum bears
three surfaces that articulate with the astragalus: the lateral astra-
galar, sustentacular, and distal astragalar facets. The lateral astra-
galar facet consists of two parts that meet at an obtuse angle and
correspond to the lateral calcaneal facet of the astragalus. The
sustentacular facet is almost flat. The distal astragalar facet is a
narrow strip and confluent with the cuboid facet. The distal ar-
ticular surface, a kidney-shaped facet for the cuboid, is concave
anteroposteriorly and the entire facet rises posteriorly.

The astragalus (Fig. 8D) is preserved intact. As in other rhi-
nos, the astragalus is of the single-pulley type; the trochlea is not
symmetrical, with the lateral ridge being broader than the me-
dial one. The medial and lateral ridges are parallel to each other,
but slightly oblique to the long axis of the bone. In the specimens
from Xiashagou (e.g., MNHN NIH 070), the lateral ridge is ob-
viously higher than the medial one, but in the specimens from
SSMZ the lateral ridge is slightly higher than the medial one.
The neck of the astragalus is higher medially than laterally, and
the medial side bears a tuberosity. In plantar view, three articular
surfaces can be observed: the proximal calcaneal, sustentacular,
and distal calcaneal facets. The proximal calcaneal facet is large
and concave. The sustentacular facet is a flat oval, whereas the
distal calcaneal facet looks like a drop and is confluent with the
distal part of the sustentacular facet. In distal view, two facets can
be distinguished: a medial one for the navicular and a lateral one
(combined with the distal end of calcaneum) for the cuboid; the
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FIGURE 8. Hind limb bones of Coelodonta nihowanensis from SSMZ. A1–3, right tibia (V 17616.30); B1–2, right fibula (V 17616.32); C, right cuboid
(V 17616.38); D1–4, left astragalus (V 17616.34); E1–6, right calcaneum (V 17616.33); F, right Mt II (V 17616.39); G1, 2, right Mt III (V 17616.40);
H–J, 1st (V 17616.42), 2nd (V 17616.43), and 3rd (V 17616.44) phalanges of digit III. A1, anterior view; A2, D3, E5, proximal views; A3, D4, E6, distal
views; B1, C, E1, lateral views; B2, E2, medial views; D1, E3, F, G2, H–J, dorsal views; D2, E4, G1, plantar views. Scale bars equal 50 mm.



720 JOURNAL OF VERTEBRATE PALEONTOLOGY, VOL. 34, NO. 3, 2014

two facets consist of a large, irregular four-sided polygonal con-
tinuous surface, the anterior edge of which is the longest, and is
nearly straight.

The proximal facet of the cuboid is concave, for articulation
with both the calcaneum and the astragalus. Two medial facets
for articulation with the ectocuneiform and navicular are present,
as is a distal facet for articulation with the fourth metatarsal. The
plantar or volar process is robust (Fig. 8C).

The proximal facet of Mt II is kidney-shaped and articulates
with the mesocuneiform. It bears two small lateral facets that
articulate with the ectocuneiform. The distal end bears a large
rounded trochlea (Fig. 8F) for articulation with the first phalanx;
the keel on the plantar surface lies to the medial side.

Mt III has a very anteroposteriorly compressed shaft. The
proximal facet is very broad and flat, and articulates with the ec-
tocuneiform. Two small, subcircular lateral facets articulate with
Mt IV. The anterior surface of the distal trochlea is flat, but the
plantar surface bears a medial keel (Fig. 8G).

Proximal, medial, and distal phalanges (Fig. 8H–J) of the same
individual are represented among the material from SSMZ, but
show no specialized features.

COMPARISONS AND DISCUSSION

Identification of the Rhino Fossils from Shanshenmiaozui

The rhino fossils from SSMZ can be referred to C. nihowanen-
sis based on the following features: lacrimal large and longitudi-
nally elongated, upper deciduous teeth have large length/width
ratio, developed parastyle, DP1 triangular in outline with re-
duced protocone, DP2 with pronounced paracone rib, dp1 and
dp2 complex in structure, lower incisors rudimentary, paralophid
developed, with rugose enamel and rough outer wall of crown,
mandibular body slightly thickened, and ascending ramus of
mandible slopes backward. Although some of the characters
mentioned above also correspond with equivalent ones of C. an-
tiquitatis, some other qualitative characters, e.g., a lower degree
of hypsodonty, developed cingula, less backward curved pro-
tolophs on the upper teeth, and slender limb bones, support a
tentative assignment of the SSMZ specimens to C. nihowanensis
Kahlke, 1969.

The following comparisons are in chronological order of the
taxa and the morphological relationships; the less related and
more primitive taxa will appear first.

Comparisons with Stephanorhinus

Among all rhinocerotid taxa, Elasmotherium and Coelodonta
have the most specialized teeth. But Stephanorhinus is com-
monly regarded as the genus most closely related to Coelodonta
(Groves, 1983; Cerdeño, 1995; Deng et al., 2011); and some au-
thors have proposed that “Stephanorhinus shares important char-
acteristics with Coelodonta” (van der Made, 2010:446). There-
fore, it is worth making some comparisons between the two gen-
era.

With regard to cranial features, Stephanorhinus has a propor-
tionally higher and shorter skull than Coelodonta. The occipital
crest is less posteriorly inclined, the postglenoid process is more
robust, the temporal crest is shorter and positioned lower than
the superior margin of zygomatic process of temporal bone (Fig.
9C), the infraorbital foramen is located in a more anterior posi-
tion and is almost invisible in lateral view, and the lacrimal bone
is triangular (Fig. 10C). By contrast, in Coelodonta, the tempo-
ral crest is nearly at the same level or higher than the superior
edge of the zygomatic process of squamosal (Fig. 9A, B), with
the longitudinal axis of the lacrimal bone more horizontally di-
rected (Fig. 10A, B). In Stephanorhinus, only the anterior por-
tion of the nasal septum is ossified, whereas ossification of the
septum is normally complete in adult specimens of Coelodonta,

FIGURE 9. Comparisons of the morphology of the supra-aural region
and the location of the external auditory meatus among some juvenile
rhinoceroses (not to scale); it seems that only in Coelodonta the tempo-
ral crest is positioned higher than zygomatic process of temporal bone.
A, Coelodonta antiquitatis from late Pleistocene Dingcun site, V 1453;
B, Coelodonta nihowanensis from SSMZ, V 17616.1; C, Stephanorhinus
kirchbergensis from Shennongjia, SNHM H36; D, Rhinoceros sondaicus,
extant, MNHN A7966.

and the foramen magnum is approximately round (Tong and Wu,
2010), rather than pear-shaped as in Coelodonta (Fig. 4A1). The
mandible of Stephanorhinus lacks incisors entirely and has a more
constricted symphysis than is present in Coelodonta, whereas the
latter genus retains rudimentary incisors in some cases and has a
more posteriorly inclined ascending ramus.

Among the deciduous teeth, DP1 of Stephanorhinus has
stronger transverse crests, which are parallel with each other; a
relatively posteriorly positioned metaloph and hypocone; a less
developed crochet and crista; and a posteriorly opened post-
fossette. By contrast, Coelodonta has less developed transverse
crests, and the protoloph meets the metaloph at the lingual
side of the crown. In DP2, the paracone rib is located in the
middle of the ectoloph, rather than in the anterior one-third
as in Stephanorhinus. Furthermore, a parastylid is only present
on dp2 in Coelodonta, rather than on both dp2 and dp3 as in
Stephanorhinus, and in Coelodonta the only lower teeth without
paraconid ribs are dp1 and p2.

Comparisons with Coelodonta Fossils of Early to Middle
Pleistocene Age

Occurrences of early Coelodonta in China mainly occur in
three regions: the Nihewan Basin (sensu lato), southern Shanxi
(Tunliu, Wenxi, Linyi, and Xihoudu), and the Qingzang Plateau
(Longdan, Gonghe and others) (Fig. 1). Coelodonta may also oc-
cur in the Yushe Basin (Teilhard de Chardin, 1936), but this dis-
covery has never been reported in detail. The only area outside
China to have yielded early Coelodonta is the Transbaikal Re-
gion, where the stratigraphically lowest occurrence of Coelodonta
can be correlated with the Coelodonta-producing beds at
Nihewan. Comparisons between the SSMZ specimens and those
from other early Coelodonta localities are drawn below. Unfortu-
nately, existing descriptions of the deciduous teeth of Coelodonta
are very insufficient (Garutt, 1994), which limits the amount of
detail in the following comparisons.
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FIGURE 10. Comparisons of lacrimal-jugal
contact patterns among juvenile rhinos (not to
scale). A, Coelodonta nihowanensis, based on
specimen V 17616.1 from SSMZ; B, Coelodonta
antiquitatis, based on specimen SJA 30 from the
Upper Pleistocene; C, Stephanorhinus kirchber-
gensis, with P4 fully erupted, based on speci-
men SNHM H36 from Shennongjia, Upper Pleis-
tocene; D, Dicerorhinus sumatrensis, DP4 not
fully erupted, based on specimen ZRC.4.1977
from Singapore, extant; E, Rhinoceros sondaicus,
juvenile, extant; F, Rhinoceros unicornis, based
on specimen IVPP OV 1046, extant; G, Cera-
totherium simum, based on specimen from BPI,
no catalog number, extant; H, Diceros bicor-
nis, juvenile, extant. E and H are modified from
Blainville (1841). In A, B, D, E, F, G, and H,
the only functional teeth are deciduous. Fine
lines represent the sutures, and the hatched ar-
eas indicate damaged regions. Abbreviations: L,
lacrimal; J, jugal.

Comparisons with Coelodonta thibetana from Tibet—
Coelodonta thibetana Deng et al., 2011, the most primitive
Coelodonta species, comes from the Pliocene of Tibet and was
described only recently (Deng et al., 2011). This species is rep-
resented only by an adult specimen, making comparisons with
the SSMZ specimens difficult, but some comments are necessary.
Based on its general morphology, C. thibetana can be securely re-
tained in the genus Coelodonta. However, this species lacks some
characteristic features of other species in this genus, in that the
nasal septum is not completely ossified, the outline of M3 in oc-
clusal view is triangular, and the cheek teeth have poorly devel-
oped buccal ribs.

Comparisons with ‘Coelodonta nihowanensis’ from
Longdan—The ‘C. nihowanensis’ material from Longdan
differs from the SSMZ specimens in that the ascending ramus is
less posteriorly inclined, the mandibular symphysis is less con-
stricted, the deciduous tooth row is longer, and the length/width
ratio of each tooth crown is smaller. In addition, the enamel is
less wrinkled, the cement is thinner; and the ribs on the buccal
surface of the cheek teeth are less well developed. The DP1 lacks
crochets, is buccolingually wide, and has better-developed lingual
cusps, a crown whose outline is not a typical triangle, developed
cingula, and a less well developed crista. The protoloph of DP2
is not strongly kinked as in C. antiquitatis.

Comparisons with Coelodonta antiquitatis shansius Chia and
Wang, 1978—Because of the lack of known deciduous teeth
and postcranial fossils of C. antiquitatis shansius from Xihoudu,
southern Shanxi, it is not easy to compare this species with the
SSMZ specimens. Specifically, C. antiquitatis shansius is a large
taxon with the following distinctive characteristics: nasal bone

long and obviously extending anteriorly beyond the premaxilla
but not bending at the tip, resulting in the formation of large nasal
apertures; the occipital crest with strong posterior inclination, re-
sulting in an angle of less than 40◦ between the parietal plane and
the occipital surface; and metaloph remains on M3, probably be-
cause of the developed “metacone rib” (Cerdeño, 1995:10) or the
“newly formed metastyle” (Heissig, 1989:413). The presence of
these specialized features led Chia and Wang (1978) to erect the
new subspecies C. antiquitatis shansius. The geologic age of the
Xihoudu (Hsihoutu) Fauna is still disputed. It can be biostrati-
graphically correlated with CKT Locality 12, whose age is 2.0–1.8
Ma (Chia and Wang, 1978; Qiu, 2006). Additional Coelodonta
localities such as Linyi and Wenxi have been discovered in the
vicinity of the Xihoudu site, but the fossils from these sites are
limited to isolated teeth and jaw fragments.

Comparisons with Fossils from Other Nihewan Basin
Localities—In China, the known early Coelodonta localities are
quite concentrated in the Nihewan Basin, including Danangou
(Li, 1984), Xiashagou (Teilhard de Chardin and Piveteau, 1930),
Xiaochangliang (Tang et al., 1981, 1995), Donggutuo (Wei et al.,
1985), and Hutouliang (Pei, 2001). The early Coelodonta fos-
sils from Nihewan once were grouped together with those from
Gonghe in the distinct species C. nihowanensis (Kahlke, 1969;
Chow, 1979), which has also been considered to include recently
recovered primitive Coelodonta specimens from Longdan (Deng,
2002; Qiu et al., 2004). However, this species name is still open
to question according to the rules of nomenclature, because nei-
ther type locality nor type specimen was ever designated, nor
was any description or diagnosis provided, although a lectotype
from Longdan was designated later and the emended diagnostic
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characters were mainly based on the specimens from Longdan
(Qiu et al., 2004). Accordingly, it has been proposed that C. ni-
howanensis should be treated as a nomen nudum (Kahlke, 2004).
Additionally, some of the specimens that have been assigned to
C. nihowanensis are very similar to C. antiquitatis, and have even
been included in the latter species without discussion by some
authors (Li, 1984). This may be the result of the ongoing disputes
surrounding the taxonomy of the early woolly rhinos from the
Nihewan Basin.

Among the Coelodonta localities in Nihewan, only Xiashagou
and Danangou have yielded juvenile fossils. These specimens
are very similar to those from SSMZ, apart from their slightly
larger deciduous dentition, but all of them fall within the range
seen in C. antiquitatis and have developed buccal ribs on their
teeth. The fossils from Hutouliang, a locality of relatively young
age (end of the early Pleistocene), are nearly identical to the
late Pleistocene Coelodonta specimen. Additionally, the postcra-
nial elements (humeri, radii, ulnae, metacarpals, femora, tibiae,
metatarsals, etc.), known from Xiashagou are very similar to
those from SSMZ, and all of them also fall within the range of
variation characteristics of C. antiquitatis (Guérin, 1980) with re-
spect to both qualitative characters and proportions. On average,
postcranial bones from Xiashagou are larger than those of late
Pleistocene European woolly rhinos, rather than smaller as pre-
viously believed.

In conclusion, all the early Pleistocene Coelodonta specimens
from Nihewan Basin can be included in the species C. nihowa-
nensis, but the type material should be selected from the type
locality.

Comparisons with Coelodonta tologoijensis from
Transbaikalia—Coelodonta tologoijensis was established by
Belayeva (1966) based on specimens from the early middle
Pleistocene fossil layer Tologoi 2.5, located on the bank of the
Selenga River in western Transbaikalia. Subsequent discoveries
show that the temporal range of Coelodonta in this region
may extend back to 1.8 Ma BP, which corresponds to MN18
(Alexeeva and Erbajeva, 2000). The diagnostic characters of
this species only include “not so massive as C. antiquitatis, and
with slender limb bones” (Belayeva, 1966:98) as the species
was established. The Tologoi DP1 specimens have relatively
smaller size than the specimens from other regions (Fig. 6).
In addition, C. tologoijensis has a better-developed protocone
and a more posteriorly located contact point with the ectoloph,
resulting in the formation of an anterior gulf, and no structure
extends anteriorly from the hypocone. Another pronounced
difference between C. tologoijensis and C. nihowanensis is the
less well developed paracone rib in the former. Unfortunately,
the cranial material from the type locality of C. tologoijensis
is insufficient for detailed comparisons, rendering the mor-
phology and phylogenetic position of this species somewhat
unclear.

Comparisons with Coelodonta antiquitatis from Gonghe—
The Gonghe Basin in Qinghai Province yields the best preserved
and richest early to middle Pleistocene Coelodonta fossils, which
include four crania and a broken mandible, but there are few de-
ciduous teeth available for comparison with those of SSMZ spec-
imens. According to the descriptions and images published by
Zheng et al. (1985), the two complete adult crania from Gonghe
can be placed uncontroversially within the species C. antiquitatis.
These specimens are not as large as those from Sjara-osso-gol, but
still fall within the size range of the late C. antiquitatis from Eu-
rope. However, it once was proposed that the Coelodonta fossils
from Gonghe should be included in the species C. nihowanensis,
mainly because of their lower stratigraphical position and smaller
size (Chow, 1978).

Comparisons with Coelodonta antiquitatis yenshanensis
Chow, 1978—Chow (1979) established the subspecies C. antiq-
uitatis yenshanensis based on specimens from CKT Localities 1,

9, and 13 of middle Pleistocene, and summarized the diagnosis
of the subspecies as follows: skull, teeth, and limb bones smaller
than that of C. antiquitatis; M3 triangular, with relatively brachyo-
dont teeth, a thinner enamel layer, and an outer wall with enamel
pillars or tubercles. It is noteworthy that the only cranium (Chow,
1979:pl. 1, figs, 1, 2; VM.555; housed in the Geological Museum
of China) recovered at CKT Locality 1 was referred to Dicerorhi-
nus choukoutienensis. However, we believe that it is probably
referable to C. antiquitatis because the angle between the parietal
plane and occipital surface is small, the occipital crest has a strong
posterior inclination, the junction between the temporal crest and
the zygomatic process of squamosal is very smooth, the infraor-
bital foramen is located more posteriorly than in Stephanorhinus,
and the occipital crest is wide and straight.

Comparison with Coelodonta antiquitatis praecursor Guérin,
1973—In 1973, Guérin reported the rhino fauna from La Fage,
the late middle Pleistocene (ca 0.25 Ma) site that has yielded
the richest assemblage of C. antiquitatis material known from
Europe up to that time. He subsequently named the subspecies
Coelodonta antiquitatis praecursor based on specimens from this
site (Guérin, 1980). This subspecies can be distinguished from the
typical woolly rhino by its more slender limb bones, and comes
from the biozone MNQ24. Because insufficient deciduous teeth
are known for Coelodonta antiquitatis praecursor, the only com-
mon character shared by the new subspecies and C. nihowanensis
is the slenderness of the limb bones.

Comparison with Late Pleistocene Coelodonta antiquitatis
(Blumenbach, 1799)—Although Late Pleistocene C. antiquitatis
specimens have been divided into various types or subspecies
(Borsuk-Bialynicka, 1973; Jiang, 1977), they are united by some
unique characters. The SSMZ specimens share many characters
with C. antiquitatis: flat skull roof profile in lateral view, tempo-
ral crest nearly at same level as superior edge of zygomatic arch,
occipital crest and nuchal surface slope backward, foramen mag-
num pear-shaped, ascending ramus slopes backward, incisors ves-
tigial or lost, with wrinkled dental enamel, buccal walls of cheek
teeth bear strong folds or ribs, crochets and cristae developed,
and protolophids straight (Figs. 2, 5).

The early Pleistocene forms display some subtle differences
from later examples of C. antiquitatis: cement on tooth sur-
faces thin or absent, crista of DP1 usually meets crochet, rather
than protoloph as in late woolly rhinos, anterior cingulum bet-
ter developed, posterior valley on dp1 not closed, less hypsodont;
slightly more slender limb bones.

Discussion

Groves (1983) and Prothero et al. (1986) considered
Coelodonta to be the sister taxon of Stephanorhinus. Cerdeño
(1995) also identified Stephanorhinus as the closest relative of
Coelodonta, but she combined these taxa with the sister-group
pair of Ningxiatherium and Elasmotherium to form the sub-
tribe Elasmotheriina. Prothero et al. (1986) also considered
Elasmotherium to be very close to the sister taxa Coelodonta
and Stephanorhinus. Coelodonta shares such characteristics with
some species of the genus Stephanorhinus as with both nasal and
frontal horns, horn bosses are rugose, without front teeth; oc-
cipital plane inclined moderately to strongly backward. On the
other hand, Coelodonta resembles Elasmotherium in having a
completely ossified nasal septum and hypsodont cheek teeth with
cement and corrugated enamel surfaces. Finally, Coelodonta re-
sembles the extant rhino Ceratotherium in having a subquadrate
M3, dolichocephalic skull, hypsodont teeth, and posteriorly in-
clined occipital surface.

The phylogenetic position of the genus Coelodonta is less
controversial than the interrelationships of the various species
within this genus. C. thibetana should be the chronologically ear-
liest species, and the crucial characters seen in this taxon are
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entirely primitive apart from the strong backward inclination of
the nuchal crest. The C. nihowanensis specimens from Longdan
represent another primitive form within the genus Coelodonta,
but also resemble Stephanorhinus in having a less backwardly in-
clined nuchal crest and in many other features. Strictly speaking,
these specimens can be regarded as an intermediate type posi-
tioned between Stephanorhinus and typical Coelodonta in mor-
phology. It is difficult to group the fossils from Longdan with
those from Nihewan and Gonghe that have been assigned to C.
nihowanensis and C. antiquitatis, respectively. A reasonable solu-
tion to this problem might be to establish a new species for the
fossils from Longdan, but such a revision lies beyond the scope
of the present paper.

Some authors have proposed that the earliest westward disper-
sal into Europe of C. tologoijensis, the early Coelodonta species
known from the Transbaikal region, took place in the early mid-
dle Pleistocene (about 0.46 Ma BP) and led to the subsequent
origin of the true woolly rhino in Europe. The earliest record of
Coelodonta in Europe is from the Bad Frankenhausen locality in
Germany (Kahlke and Lacombat, 2008). Results of the present
study agree that C. antiquitatis originated much earlier in China,
as previously proposed (Teilhard de Chardin and Piveteau, 1930;
Prothero et al., 1989). However, currently available data are still
insufficient to comprehensively reconstruct the evolutionary his-
tory of Coelodonta, particularly given that the species C. nihowa-
nensis and C. tologoijensis are not well represented in the fossil
record. Actually, except the species C. antiquitatis, other species
referred to the genus Coelodonta are not well defined because of
insufficient fossil material.

CONCLUSIONS

The qualitative characters and proportions of the Coelodonta
fossils from the lower Pleistocene deposits in Nihewan Basin sup-
port tentative referral of these materials to the species C. ni-
howanensis. These specimens also fall within the range of vari-
ation seen in C. antiquitatis with regard to most of their features,
but differ from the latter species in the following respects: less
hypsodont cheek teeth, better-developed cingula, protoloph less
strongly curved back, and more slender limb bones.

Among the SSMZ rhino fossils, the most significant individual
specimens are the juvenile crania and mandibles, as well as the
deciduous teeth. The juvenile skull described in this paper rep-
resents the most complete and youngest (around 1.5 years old)
cranial specimen of an early woolly rhino ever discovered.

The present authors believe that the presence of an extremely
backward inclined occipital plane can be employed as a crucial
diagnostic character of the genus Coelodonta. The general char-
acteristics of this genus also include the completely ossified nasal
septum in adult, dolichocephalic skull, temporal crest positioned
higher than zygomatic process of temporal bone, subquadrate M3
(i.e., with developed metastyle), hypsodont cheek teeth with ce-
ment and corrugated enamel surfaces, lower cheek teeth with
prominent paraconid ribs, and longitudinal axis of the lacrimal
bone extending more horizontally. The primitive species C. thi-
betana from Tibet and C. nihowanensis from Longdan still lack
some of the crucial characters of the true woolly rhino, such
as their nasal septa are not completely ossified, M3 teeth are
still triangular in occlusal outline, and cheek teeth with poorly
developed buccal ribs. Some authors have proposed that the
woolly rhino originated in northern China, and then dispersed
into northern Eurasia. In this scenario, C. nihowanensis gave rise
to C. tologoijensis, which in turn gave rise to C. antiquitatis (Deng,
2008; Kahlke and Lacombat, 2008). However, the phylogenetic
position of C. tologoijensis is still open to question because
of the insufficient representation in the fossil record. Among
the known early Pleistocene Coelodonta fossils in China, those

from the Nihewan Basin most closely resemble the true woolly
rhinos.
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Prothero, D. R., C. Guérin, and E. Manning. 1989. The history of the
Rhinocerotoidea; pp. 322–340 in D. R. Prothero and R. M. Schoch
(eds.), The Evolution of Perissodactyls, Clarendon Press, New
York.

Prothero, D. R., E. Manning, and C. B. Hanson. 1986. The phylogeny of
the Rhinocerotoidea (Mammalia, Perissodactyla). Zoological Jour-
nal of the Linnean Society 87:341–366.

Qiu, Z.-X. 2006. Quaternary environmental changes and evolution of
large mammals in North China. Vertebrata PalAsiatica 44:109–
132.

Qiu, Z.-X., and B.-Y. Wang. 2007. Paracerathere fossils of China.
Palaeontologia Sinica New Series C No. 29:1–396. [Chinese 1–248;
English 249–396]

Qiu, Z.-X., T. Deng, and B.-Y. Wang. 2004. Early Pleistocene mam-
malian fauna from Longdan, Dongxiang, Gansu, China. Palaeon-
tologia Sinica New Series C No. 27:1–198. [Chinese 1–156; English
157–198]

Tang, Y.-J., Y. Li, and W.-Y. Chen. 1995. Mammalian fossils and the age
of Xiaochangliang Paleolithic Site of Yangyuan, Hebei. Vertebrata
PalAsiatica 33:74–83. [Chinese 74–82; English 83]

Tang, Y.-J., Y.-Z. You, and Y. Li. 1981. Some new fossil localities of Early
Pleistocene from Yangyuan and Yuxian Basin, Northern Hopei.
Vertebrata PalAsiatica 19:256–268. [Chinese 256–267; English
268]

Tang, Y.-J., G.-F. Zong, and Q.-Q. Xu. 1983. Mammalian fossils and
stratigraphy of Linyi, Shanxi. Vertebrata PalAsiatica 21:77–86. [Chi-
nese 77–85; English 85–86]

Teilhard de Chardin, P. 1936. Fossil mammals from locality 9 of Chouk-
outien. Palaeontologia Sinica Series C 7(4):1–61.

Teilhard de Chardin, P., and J. Piveteau. 1930. Les mammiferes fossiles
de Nihowan (Chine). Annales de Paléontologie 19:1–134.
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