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PREFACE

The paraceratheres (formerly often called indricotheres) are a group of rhinoceroses autochtonous and :
endemic almost exclusively to Asia, with only sparse findings in Europe. Their giant size and some features so -
distinctive from the living rhinoceroses have attracted much attention not only of specialists, but also of
faymen. They constitute one of the most heatedly debated fossil groups in mammalian taxonomy. Opinions
differ not only at generic and specific levels, but also at family level. Ultimately such a discrepancy has its root
in the inadequacy of their fossils. In laymen's eyes, paracerathere fossils seem rather abundant. Here we may
feel the effect of the “size.” People might be more impressed by a few huge bones of paraceratheres rather
than by a small box full of micromammal fossils. In fact, there are only five incomplete skulls in association
with their mandibles in afl known paracerathere materials. The only two paracerathere skeletons often referred |
to in scientific papers are in fact composite. Given the above limitations, China has indisputable superiority in
this respect. In China, in addition to large quantity of isolated jaws, teeth and postcranial bones, three
complete skulls with mandibles have been found (Juzia sharamurenensis, Paraceratherium lepidum , and
Dzungariotherium orgosense ), of which the first is an almost complete skeleton, and the scoond possesses an
almost complete vertebral column. Most of these materials have only been briefly reported. A detailed,
systematic study of them is thus paramount in enhancing our knowledge of the evolution and taxonomy of this
group of magnificent rhinoceroscs.

Strictly speaking, the present volume is born out of an interrupted program initiated more than 40 years
ago. In 1959, the Sino-Soviet Paleontologic Expedition (SSPE) discovered a rhinoceros skeleton from the
Shara Murun beds near the Ula Usu rivulet. The skeleton was preliminarily identified as of the jong-sought-
after anccstor of paraceratheres, and was listed as the most valuable find of the year (Chow and
Rozhdestvensky, 1960). After the unexpected ending of the SSPE in 1960, the skeleton was entrusted to
Zhou Mingzhen { = Chow Mingchen) and Qiu Zhanxiang (= Chiu Chanziang) for a detailed study in 1963.
A preliminary report was soon published, where Juzia sharamurenense gen. et sp. nov. was established
(Chow and Chiu, 1964). In the same vear, a field team of the Institute of Vertebrate Paleontology and
Palecanthropology, Chinese Academy of Sciences (IVPP), discovered rich paracerathere matcrials from
Xinjiang Uygur Autonomous Region. Having these additional materials in hand, Zhou and Qiu decided to
enlarge the scope of their study to include all the then known paracerathere materials. The title of the volume
was then changed to the present one. By May 1966, the first draft of the volume was completed.
Unfortunately, the “Great Cultural Revolution” broke out in June 1966, interrupted the whole plan, and the
draft was lost during the turmoil. Thanks to Mr. Zhang Zhenhong, one of the authors’ most intimate friends,
some parts of the draft, tables, figures and pictures were rescued from the discarded material in wastebaskets.
Resumption of the study had not been possible until recent years when the senior author of the present volume
was finally freed from various administrative responsibilities, but meanwhile Prof. Zhou regrettably passed
away in 1996.

When the senior author of the present volume sat down to resurne the writing, the situation was radically
changed! Firstly, the number of paraceratherc fossils discovered in China since then has greatly augmented.
Of particular importance are two partly preserved skeletons unearthed from Xinjiang in 1993 —1994 and from
Nei Mongol int 1995. Sccondly, not only new taxa of paraceratheres were established, but also new ideas as t©
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t:he classification of the whole group were put forward during this time span. Ideas have evolved for the senior
author himself as well in his understanding of the evolution and classification of the group. Thirdly, with the
»imelioration of the Sino-US relationships, it became then possible to observe, at least partly, the
:aracerathere fossils collected by the Third Central Asiatic Expedition (3CAE) from Mongoha and Nei
Mongol during the 1920s, now housed in‘/the American Museum of Natural History (AMNH). The over-
slmphhed description of the skeletal parts presented by Granger- and Gregory (1936) rendered it utterly
necessary to make a thorough revision of the group as a whole. Fourthly, great advancement had been made

with regard to the geology of the deposits yielding rich paracerathere fossils in many places, espec1ally 1n Dera
Bugti area, Pakistan (Welcomme e al. , 1997, 2001). Finally, the fundamentals of vertebrate paleontology
d geology had made great strides forward in the last 40 years. ;

As a result of these changes, there is no other choice but to rewrite the volume anew, espec:ally for the

parts other than the description of the Juzia skeleton. Two particular measures have been taken .go remedy
the above shortcomings. The first is to add an Oligocerie specialist as co-author of the volume. The second is
personally examine the newly found paracerathere fossils and to visit their localities whenever possible. The
junior author of the present volume ( Wang) was thus chosen for the first purpose. The paracerathere
materials housed in Erenhot Dinosaur Museum (for Aralotherium sp.), the Nei Mongol Museum (for the
skeleton of Dzungariotherium turfanense) , the Beijing Museumn of Natural History and the Turpan Museim
(:-for the skeleton of Paraceratherium lepidum ) were examined. Geological swrveys of some of the
ceratheres vielding localities, i. e., the Eren region and Wulanmannai Valley (Saint-Jacques), Nei
Mongol, the localities near the Feiyue Railway Station, Xinjiang, were conducted. During a visit to the
AMNH in 2001, we succeeded in studying some of the 3CAE specimens personally and checkeéd their
provenances through Granger’s unpublished field notes of the 3CAE activities (1922 —1930).
In retrospect, we owe a great debt of gratitude to the late Prof. Zhou Mingzhen. Prof. Zhou deliberately
gave the senior author (Qiu), then a freshly graduated young man, a frec hand on studying the skeleton of
Juzia. Under Prof. Zhou's supervision the junior author (Wang) accomphshed her doctorate thesis on the
skeleton of Rhinotitan , which was found together with the Juxia skeleton in the same beds of -the same
locality. It was Prof. Zhou's earnest exhortation, mentoring, and tolerance that permitted us. to.proceed
cz)ntmuously in the field of vertebrate paleontology. The present volume is thus dedicated to our common
1;eacher, late Prof. Zhou (Nov. 1918 — Jan. 1996), at the 10™ anniversary of his passing. It is the authors’
hope- that the publication of the present volume would not fall far short of our mentor’s exf)ectation.
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I. INTRODUCTION

1. Concept, Discovery and Investigation of Paraceratheres
(1) Concept of Paraceratheres

Up to the mid-1960s, the concept of paraceratheres had been restricted to the Oligocene forms of gigantic
size, with their shoulder height allegedly up to 5 m and weight up to about 30 t (but 4.5 m and 15 -20 ¢
respectively, according to Fortelius and Kappelman, 1993}, the largest land mammals ever appeared in
history. They are hornless, with long neck and limbs. Their metapodials are exteremely long, with the
middle metapodials { McIHII and MtIII) the longest and heaviest, the lateral ones strongly reduced and
posteromesially positioned (tendency of monodactylism). They were often regarded as a special group of
rthinoceroses mixed with some horse-like features.

In the mid-1960s, the concept of paraceratheres changed markedly. First of all, a skeleton of Juzia
sharamurenensis , a medium-sized (1.9 m high at shoulder) , ancestral form of paraceratheres from Late (now
Middle) Eocene of Nei Mongal was reported {Chow and Chiu, 1964). Scon alter, two other Middle Eocene
forms of similar size, Forstercooperia and Pappaceras, were proposed to be early forms of paraceratheres as
well {Radinsky, 1967). If the latter proposal is accepted, the paraceratheres would encompass not only the
large-sized Oligocene forms and their direct ancestral form of small size (Juxia ), but also the early side
branches ( Forstercooperia and Pappaceras).

{2} Five Classical Areas Yielding Rich Paracerathere Fossils

There are five major areas particularly rich of paracerathere fossils, all from Asia: Dera Bugti in
Baluchistan, Pakistan (from 1907); Aral-Turgai area, Kazakhstan {from 1912); Shand Gol area in Tsagan
Nor, Mongglia (from 1922); Eren (formerly as Erlian) region in Nei Mongol, China (from 1922) and
Turpan Basin in Xinjiang, China (from 1958). The history of finding and investigation of the paraceratheres
in the first three areas has been well known through papers of Forster-Cooper, Borissiak, Osbom, Granger
and Gregory, Gromova, Radinsky, MacKenna and others. The following brief account is intentionally
restricied to recent advancement in finding and study of paracerathere fossils in Eren region and Turpan Basin
in China.

After the founding of the People’s Republic of China in 1949, a number of new and important
paracerathere fossils were found from the Eren region. They are the Juzia skeleton from Shara Murun (Chow
and Chiu, 1964 ), and three specimens discovered by the SSPE in 1959 — 1960 from the Ulan Gochu
Formation at Urtyn Obo: a mandible of Urtinotherium incisium (Chow and Chiu, 1963) and a maxilla of
Dzungariotherium ardenensis (Qi, 1989}, both of which arc now referred to U. intermedinm in the
present volume; and a fragmentary anterior part of skull of Juxia shoui described by Qi and Zhou in 1989.

From 1975 to the mid-1990s, a field team of IVPP headed by Qi Tao intermittently surveyed the Eren
region and discovered additional material of paraceratheres (Qi, 1987). However, this material has never
been studicd and published. In May 1985, the Erenhot Dinosaur Museum obtained a large number of broken
huge fossil bones from some pits in the suburb of Erenhot, where construction sands were excavated. As the
construction continued, the sample has been augmented considerably. All these fossils are tentatively referred
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a single form, Aralotherium sp. in the present volurne.

. The first paracerathere fossils of Xinjiang Uygur Autonomous Region were found near the Feiyue Railway
txon in east part of the Turpan Basin in 1958 during the construction of the railway from Lanzhou to
qi, the capital of Xinjiang. The finding included several teeth of enormous size, " first 1dent1f1ed as
oﬁgmg to Indricotherium grangeri (Chow and Xu, 1959). Based on their size and morphology Qiu
ansferred these teeth to Paraceratherium and erected a new species: P. tienshanense { Chiu, 1962) In
64 and 1966, an IVPP field team made extensive excavations near the Feiyue Railway Station and in the
uthern border area of Junggar Basin. The fossils found from the Junggar Basin include a huge skull w1th its
ndible and some limb bones. They were later described as a new form, Dzungariotherium orgosense
Chiu, 1973). The fossils fornd from Feiyue in 1966, including fragmentary skulls, mandibles and limb
nes, were studied by Xu and Wang in 1978. Two new species were created by them: Paracerdthéﬁum
pidus (corrécted as P. lepidum in the present volume) and Dzungariotherium turfanense . .

In January 1993, a message came to the Institute of Cultural Relics and Archaeology of Xm]mng that
uge fossil bones were encountered during the construction of railway about 1 km west of the Feiyue Railway
tion {about the same area as the IVPP fidld no. 64081, excavated by [VPP in 1964 and 19_66). The site
as.excavated twice: in the second half of October 1993, and from June to August in 1994. An almost
cbmplete skull in association with mandible, vertebral column from atlas to the 17" thoracxc vertebra, all the
s of right side, and a right tibia, were collected. Later this skeleton was handed -over to the Turpan
Museum. The skeleton was complemented and mounted under the guidance and assistance of the Beijing .
nseum of Natural History (BMNH). A replica of the mounted skeleton is now on exhibit at the BMINH.
specimen was preliminarily identified as Paraceratherium tienshanense (Zhang et al., 1997), but
ansferred to P. lepidum in the present volume. .

- Tinally, in 2000, Ye et al. found a lower jaw with strongly down-turned symphysis in rorthern part of
the Junggar Basin, identified as a new species, Paraceratherium sui (changed to Aralotherium sui in the
esent volume). '

(3 Localities Yielding Sparse Paracerathere Fossils in China

1) Walanmannai and Qlanllshan District, Nei Mongol (Fig. 2 3) -
The first paracerathere fossils were discovered by Teilhard de Chardin and Licent in 1923. The locahty
was reported on the east bank of the Huanghe River opposite to the church called Saint-Jacques in D_engkou
| e '(_:.forljrlerly Bayan Gol). An upper molar and some limb bones of paraceratheres were obtained in 1923 - 1924.
1. ':.'i'f'The material was identified by Teilhard de Chardin (1926) as belonging to two forms: large and small
' varieties of Baluchitherium grangeri. .
. After 1949, some other paracerathere fossils were collected from this area. In 1963, the Brigade 109 of
{ _ “the Yinchuan Oil Prospecting Department found some isolated teeth, which have not been studied yet. In
121977, an IVPP field team found some paracerathere fossils as well. The most important finding is. that of
- 1995 made by the Nei Mongol Museum. A partially preserved skeleton was unearthed, consisting of skull,
" mandible, some six posterior thoracic and five lumbar, some sacral and caudal veriebrae, and a pelvis.
R Unfortunately, the skull and mandible were heavily damaged during the excavation. The fossiliferous deposits
are exposed widely in the Wulanmannai Valley, about 2 km east of the small township Balagon, Hangjin
 “Banner, Ordos City. :
fi Another paracerathere fossil-bearing area lies at the western foothills of the Qianlishan Mountain in Otog
“Banner, 30 —40 km south of Dengkou and east of the railway station of Jiangui. In 1978 — 1979 a joint team
" of IVPP and the Fourth Geologic Mapping Brigade explored this area and found some paracerathere fossils,
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which were preliminarily identified as an unnamed new species: Paraceratherium sp. nov. (Wang et al.

1981).
2) Lingwu-Taole, Ningxia (Fig. 2 4)

It was also Teilhard de Chardin who found the first paracerathere remains from Lingwu, i. e., from
Shoei-tong-koeu, in 1923 — 1924, Later, in 1955 a geologic team of the Northwest Geologic Bureau found
some skull parts and limb bones of paraceratheres from Lingwu, but from another site, namely Qingshuiying.
The material was assigned to Baluchitherium grangeri by Young and Chow (1956). The Brigade 110 of the
Yinchuan Oil Prospecting Department also obtained some paracerathere fossils from the nearby Taole County
in 1965.

3) Danghe area in western part of Gansu (Fig. 2 7)
Bohlin (1946) reported very fragmentary fossils of paraceratheres from that area.

4) East part of Yunnan (Fig. 2 14-15)

In 1958 Hu Chengzhi of the Geological Museum of the Ministry of Geology and Mineral Resources (now
Ministry of Land and Resoutces) collected some isolated teeth from Lunan County (Fig. 2 i5), which were
studied by Chow (1958), and a new species was established, Indricotherium parvum (changed to
Urtinotheriwm parvam in this volume). Later, in 1970, the Yunnan Group of the South China Red-beds
Expedition of the IVPP made additional collection there. The material was identified as belonging to two
forms: a new species of Forstercooperia, F. shiwopuensis sp. nov. , and Forstercooperia sp. (Chow et al.,

1974).
’ Probably in the late 1950s, a paracerathere astragalus was found from Shizong (Fig. 2 14) by a local
geologist. Further exploration of the site resulted in finding more specimens. All the material was referred to
a new species [ndricotherium intermediuwm by Chiu in 1962 (changed to Urtinotherium intermedium in this
volume) .

Passing by the Caijiachong locality (Fig. 2 14) in 1972, the Lijiang Team of the IVPP found some
paracerathere teeth, which were identified by Tang (1978) as belonging to a new species, Indricotherium
qujingensis (changed to Urtinotherium parvum in this volume). Zhang (1980) reported a tooth of

Indricotherium parvum (changed to Urtinotherium parvum in this volume) from Xuanwei.

5) Lanzhou Basin, Gansu (Fig. 2 5)

The first paracerathere fossils were collected near the Huangyangtou village (Gaolan County) , some 5 km
north of the Huanghe River by the Fourth Brigade of the Bureau of Geology and Mineral Resources of Gansu
in 1964. The best specimen was a mandible, which has not been studied yet. Later, during the field works of
the IVPP teams in the 1980s and the early 1990s, additional material was collected from this area near the
Zhanjiaping Village {Gaolan County). These specirnens have not yet been studied.

6) Bose Basin, Guangxi (Fig. 2 13)

Isolated teeth possibly belonging to Forstercooperia were gathered from the Nadu and Gongkang
formmations in the Bose Basin by a field team jointly organized by the IVPP, Guangxi Oil Prospecting Team
and the Provincial Natural History Museum in 1973 (Tang et al ., 1974, Ding et al. , 1977).

7) Wucheng Basin, Henan (TFig. 2 11)

Also in 1973, the IVPP Henan Team succeeded in obtaining 2 good sample including partly occluded
upper and lower jaws and partly articulated limb bones from the Eocene deposits in the Wucheng Basin
(Tonghai County). They were studied and published by Wang in 1976, and four forms, including a new
genus and two new species, were described: Imeguincisoria mazhuangensis sp. nov. (changed t©
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Forstercooperia mazhuangensis in the present volume) , I. micracis sp. nov. (changed to Juxia micracis in

the present volume) , Imequincisoria sp. (probably belonging to Forstercooperia) and Pappaceras sp.

8) Changxindian of Bejjing (Fig. 2 1) )
In 1977 a few isolated teeth were found from Changxindian gravels. They were 1dent1f1ed as belongmg

© Imequmczsorm sp. by Zhai (1977).

9) Linxia Basin, Gansu (Fig. 2 6)

The first paracerathere fossils of the Linxia Basin were found from the Jiaozigou Formation in 1986 by a
joint field team of the IVPP and the Gansu Provincial Museum. These fossils were first descrlbed as
. Deungariotherium of. D. orgosense by Qiu et al. in 1990. Recently in 2002, better specimens mciudmg a
juvenile fragmentary skull were collected from the Yagou gully of the same area. The collectlon was studled
~ and published as belonging to two forms, Dezungariothertum orgosense and Pamcerathermm yagouense sp.

nov. (possibly a species of Turpanctherium as suggested in the present volume) by Qiu et al. in 2904

¢/ 10) Yuanqu Basin, Sahnxi (Fig. 2 12} )
A few specimens were reported by Huang ez al. (1998) as belonging to Juxia sharamurenensis.

Paracerathere qusils have also been sparsely found in Europe: 'in Georgia (Gabunia, 1964), Yugoslavia
:* (Petronijevic and Thenius, 1957), Rumania (Gabunia and Iliesku,1960) and Bulgaria (Spassov, 1989).

‘ The first recognition of the paraceratheres as a peculiar group of rhinoceroses occurred relatively late. The
" whole history lasts less than a century, counting from 1907 when the first paracerathere quéils were
encountered. They are the latest established group of subfamily or family rank among the perissodactyls.
- In the history of investigation of the paraceratheres, three eminent scholars must be mentioned in
particular. They ate A. A. Borissiak, V. 1. Gromova, and §.. B. Radinsky. It is their works that had led to
~ the three great strides forward in our understanding of the nature of the paraceratheres.
~ Borissiak is the pioneer paleontologist in studying Paraceratherium osteology: His thorough study of the
" first paracerathere skeleton provided us with the first comprehensive knowledge of the group (Boriséiak,
©1923b). He first arranged the group at a subfamily rank (1923) within the Family Rhinocerotidae, but later
raised it to an independent family, Indricotheriidae {1939). Gromova made an extremely careful study of all
. the materials belonging to paraceratheres collected prior to the publication of her monograph ( Gromova,
" 1959). Based on meticulous comparison of all the features she could observe and distinguish, she reduced the
. contents of the Family Indricotheriidae from three genera and six species to two genera and three species:
 namely, Indricotherium transouralicum (= 1. asiaticum, I. minus, and Baluchitherium grangeri 3,
" Paraceratherium prohorovi (= Aralotherium prohorovi) and P. bugtiense (= Baluchitherium osborni).

Her carefully composed diagnoses for the genera Indricotherium ( Paraceratherium in this volume) end

- Paraceratheriumn ( Aralotherium -in this volume ) remain classic even today for all who study the

: paraceratheres. Radinsky put forward (1966 —1967) a completely new idea as to the taxonomic position of
' the paraceratheres in the Superfamily Rhinocerotoidea. He argued strongly that the paraceratheres had

" nothing to do with the lineage of the true rhinoceroses (Family Rhinocerotidae), but may only be a subfamily
_ of the Family Hyracodontidae. Most of the American rhinoceros scholars represented chiefly by Prothero and

j__f- Lucas follow this way of thinking, culminating in recognizing only one single Oligocene genus
" Paraceratherium . Although unable to accept Radinsky’s arguments (vide infra), we fully admit that his
idea was a real breakthrough in our understanding of the phylogeny and taxonomy of the rhinocerotoids.
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2. Material and Methodology
(1) Material

The material studied in the present volume comprises the following: 1) the accessible part of the
specimens collected by the 3CAE from Ich area, Mongolia, and Eren region of Nei Mongol, China, during
1922 — 19303 2) the skeleton and other odd fossils of Juzia sharamurenensis, collected in Shara Murun area,
Nei Mongol, by SSPE during the field seasons in 1959 — 1960; 3) the material collected near the Feiyue
Railway Station, eastern part of Turpan Basin by the IVPP field team headed by Prof. Zhai Renjie in 1964
4 the paracerathere material collected by the Erenhot Dinosaur Museumn from the Ulan Gochu Formation at

Urtyn Obho and Houldjin gravels in Erenhot suburb since 1985; 5) the partial paraceratherc skeleton excavated

" by the Institute of Cultural Relics and Archaeology of Xinjiang from a site 1 km west of the Feiyue Railway

Station in 1993 — 1994 ; 6) isclated teeth and bones found from the Qlanlishan district and the partial skeleton
from Wulanmannai Valley, Nei Mongol, by the IVPP and Nei Mongol Museum in 1977 — 1979 and 1995;
and 7) miscellaneous specimens from Nei Mongol, Gansu, Ningxia, etc. accurnulated during the past years,

either collected by the authors themselves, or handed over to them by the local geclogists.
(2) Comparison

In order to determine the systematfc position of Juxia sharamurenensis more precisely and to restore its
possible way of life, we made much efforts to compare it with as many skeletons of primitive rhinocerotoids as
possible. However, such skeletons are rare. Of the European forms only a skeleton of Allacerops turgaica
was systematically described by Borissiak {1918) in great details. A number of skeletons of primitive
rhinocerotoids were found in North America. However, most of their descriptions are sketchy, seldom
accompanied by adequate figures and plates. Five North American primitive rhinocerotoids can be compared
with Juxia osteologically. They are Hyrachyus eximius and Triplopus cubitalis, described by Cope {1884)
and Hyracodon nebraskensis, Trigonia osborni and Subhyracodon occidentalis, described by Scott (1896,
1941).

For comparison with the advanced rhinoceroses of later period the skeletal parts of Coelodonta
antiquitatis from Sjara-Osso-Gol kept in IVPP and the detailed description of this form by Borsuk-Bialynicka
(1973) are extensively used. A skeleton of the living Indian rhinoceros ( Rhinoceros unicornis) kept in IVPP
(0 1383) is also used.

The monographs of Borissiak (1923h), Gromova (1959), and Granger and Gregory (1936) serve as the
rain sources of osteological information for the Oligocene paraceratheres.

We foliow the “Principle of homology” in musculature restoration. A restoration is considered reliable
when insertions of certain muscles restored in Juxia are identical with, or very close to, those found in all
living perissodactyls (horses, tapirs, and rhinoccroses). When not identical with ali the living forms, the first
to be compared is rhinoceros, the closest related group with Juzia, then the tapir, and the last is the horse.
In practice, since the horse is the best studied anatomically, the Malayan tapir the next, and the rhinoceros
the least, the comparison proceeds {rom horse to rhinoceros. The major references used in the present volume
are Session’s “Anatomy of the Domestic Animals” (fourth edition in 1956, its Chinese translation in 1962,
mainly for the horse), Stjernman’s monograph on the myology of the Malayan tapir extremities in 1932 (also
the papers of Murie, 1871, and Bressou, 1950, 1961), and the Beddard and Treves’ article on the anatomy
of the Sumnatran rhinoceros in 1889.
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(3) Oricntation

The orientation and the directional terms conventionally applied to animal’s body in anatomy text hooks,
uch as that of Sission’s (1956), are taken as a basis throughout the present volume. However, .ot
sonveniénce’s sake, the directional terms for the- limb bones distal to carpus and tarsus are taken from those

enerally used by vertebrate paleontologists (Fig. 3).

;

" (4) Terminology

1) Crown clements of cheek teeth

The terms used for the upper cheek teeth are given in Fig. 4. The degrees of the premolar molanzatlon,
pec1aliy the uppers, can be highly variable in rhinocerotoids. Radinsky (1967) separated them into three:
ibn—molarlfonn, submolariform and molariform. Heissig {1969 ) made a little improvement based on
Radinsky’s scheme, resulting in four: praemolariform ( = Radinsky’s non-molariform}, submolanform,
semlmo{anform (new), and molariform, which are adopted here (Fig. 5). :

The terminology applied to the lower cheek teeth for the rhinocerotids in partlcular,‘ and for the
enssodactyls as a whole, was inadequate and inconsistent from its very beginning. In Oshorn’s original
eme (Osborn, 1907, p. 73) only metalophid and hypolophid were named for the crested lower cheek teeth
{ périssodactyls (Fig. 6 A ) At the same time, Osborn used an additional term parastyfid in the lower cheek
_eéth of horses (loc. cit., Fig. 160). In his monograph on titanotheres, Osborn (1929b) substituted
ﬁmtolophid for metalophid and metalophid for hypolophid without further explanation (Fig. 6 B). This
caused much confusion in later years. While studying the horses, Stirton (1941) made a finer subd1v151on of
'he lophids for the horse (Fig. 6 C). Stirton’s system was well adapted to W-shaped lower cheek teeth of
perissodactyls ( titanotheres, chalicotheres and horses), but some terms of this system were inconsistent with
the customary usage applied to the simpler crested lower cheek teeth of tapir and rhinoceros. Most of the later
hinoceros scholars, like Gromova, Heissig, Guérin, ef al., used the simple system originally invented by
Qsborn, using mainly metalophid and hypolophid with some minor amendments {Fig.6 D). However, this
simplified system has been felt more and more inadequate for detailed description of the tooth morphology-

. Stirton’s terminology {1941) is taken as the basis of the system proposed in the present volume. With a
few amendments, this system can easily be applied to all the groups of perissodactyls, not only to the
W-shaped teeth in horse, titanotheres and chalicotheres, but also to the di-lophodont and L+ U shaped lower
. icheek teeth in tapirs and rhinoceroses. In this new system a lophid is principally named in accordance with the
‘\ ¢uspid sending this lophid buccally and forward. Thus, the lophid extending from paraconid buccally is called
: _.paralophid; the lophid extending from protoconid forward, the protolophid; the lophid extending from
:“:-‘:_I_netaconid buccally, the metalophid; the lophid extending from hypoconid forward, the hypolophid; and the
‘:'_3:.‘;1_0phid extending from entoconid buccally, the entolophid (Fig. 7). Principally, this system is in good

“: accordance with the ontogenetic development of the lophids.

2) Anatomical terms of skull and postcranial skeleton
: The classic anatomical terms proposed by Flower (1885) are widely used throughout the present volume,
o with only a few adopted elsewhere, which are explained in due places.

(5) Measurements and Abbreviations

1) Measurements

-~ Length (L) is the longest measurable length of the studied specimen. It may not be on the crown surface
when the upper tooth is unworn or little worn, but always on the crown surface in the lower tooth. Width
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(W) in the upper tooth is measured immediately above the roots where the width is the greatest; while in the
lower tooth it is measured at the widest visible part. The lengths of the M3 are measured twice: the largest
length of ecto-metaloph {measured obliquely), and the lingual length. The crown height index is taken from
Radinsky (1967): paracone height/width of unworn M3. -In order to make the comparison of the Juzig
skeleton with the later paraceratheres as more as possible, the measurements of the posteranial bones are taken
mostly as Gromova suggested in 1959. Al measurements are in millimeters, except otherwise stated.

2) Abbreviations

L (length); W (width); H (height); D (distance); APD (antero-posterior distance); Lt (left);
R (right); PE (proximal end); PAF (proximal articular facet); DE (distal end); DAF (distal articular
facet) s Ant (anterior); Post (posterior); Mid (middle) ; Med (medial); Lat (lateral); Lab (labial); Buc
(buccal }; Ling (lingual); Mes (mesial); Dist (distal); Max (maximum); Min (minimum); Aver
(average) . '

C (cervical vertcbhrae), T (thoracw vertebrae) Lm (lambar vertebrae), Me (metacarpal), Mt
(metatarsal) Ph (phalanx) .

VPP (Instltute of Vertebrate Paleontology and Paleoanthropology, Chinese Academy of Sciences); V
{prefix to vertehrate fossils of IVPP); O (prefix to living vertebrates of IVPP); AMNH ( American Museum
of Natural History); AM (prefix to AMNH fossils, numbers in [ 1 are field nambers) ; 3CAE (Third Central
Asiatic Expedition); AMP (Austrian-Mongolian Project) ;s MAE (Mongolian-American Expeditions); SSPE
{Sino-Soviet Paleontolbgic Expedition); SS (prefix to SSPE specimens) ; TP {prefix to specimens of Turpan
Museum) ; EMM (prefix to mammal fossxls of Erenhot Dinosaus Museumn) ; IMM (prefix to specimens of Nei
Mongol Museum ) - "
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1. SYSTEMATIC DESCRIPTION OF CHINESE PARACERATHERES

Family Paraceratheriidae Osborn, 1923
Subfamily Paraceratheriinae Osborn, 1923

Type genus: Paraceratherium Forster-Cooper, 1911 o

. Other included genera: Aralotherium DBorissiak, 1939; Benaratherium Gabunia, © 1955;
inotherium Chow et Chiu, 1963; Juxia Chow et Chiu, 1964; Dzungariotherium Cl'nu, 1973;
rpanotherium gen. nov.; Pristinotherium? Biriukov, 1953.

_Geographic and stratigraphic distribution: The area covering the Tropic of Cancer to ~50 N of the
‘Asian Continent, including Baluchistan ( Pakistan), Yunnan, Henan, Shanxi, Nei Mgngol, Gansu,
ingxia, Xinjiang (China), mid-eastern part of Mongolia, Kazakhstan, and a few places in southern Europe
Georgia, Romania, Bulgaria, and Herzegovina) ; late Middle Eocene to earliest Miocene (40 —22 Ma).

. Emended diagnosis: Large- to giant-sized rhinoceroses compared with contemporarj} rhinocerotoids with
the only exception of some amynodonts. Shoulder height ~2 to 4.5 m, body length (without tail) ~3
m, estimated body mass ~0.8 to ~15 t.

. Skull dolichocephalic, without horns in both sexes. Cranium elongated, especially the part behind
tglenoid process, which exceeds 1/4 L of P2 — postglenoid process; paroccipital and posttympanic processes
ightly coalesced, forming a robust and thick plate, widely separated from postglenoid process. Nasal long,
with its free part slender, but thickened sagittally; nasal notch high and deep, with its posterior border lying
ve P3—M2. Rostral part (premaxilla and anterior part of maxilla) strongly elongated or reduced. Dental
ormula from complete to 1-0-3-3 / 1-0+2+3. The first uppér and lower incisors either the largest of the
. cisors, or the only ones. Canines either slightly larger than third incisors or completely lost. Cheek teeth of
rhinoceros pattern: parastyle and ﬁaracone small and connate, of about equal size. M1 — M2 Il-shaped, with
L --::,_rhetaoone becoming elongated loph; M3 triangular, with vestigial posterior end of metaloph. ml —m3 U+
l;}shaped, with third lophid completely lost in m3. P2 more molarized than P3 - P4, with its hypocone well
_separated {rom protocone, but closely connected with metaconule; P3 — P4 sub-molariform, with hypocone
'___.-,widely confluent with protoloph, forming a long hook; metaconule crescent, lying anterior to the posterior
_ end of hypocone, linking with ectoloph and hypocone only when moderately worn. p3 — p4 with long
- talonids, entoconid either isolated cone-shaped or being cone-shaped in lingual end of entolophid.

l N Neck (Cl —C7) longer than-total skull length. Wings of atlas laterally shortened. C3 — C7 bodies solid to
' .-stfongly hollowed by enlarged transverse canals with large transverse processes; capita and vertebral fossae
- rounded or dumbbell-shaped. No true diaphragmatic vertebra in thoracic and lumbar regions. Spinous
" processes of last 3 T's and all Lm’s slightly backward slanting or vertical; posterior surfaces of spinous
1 processes of anterior T's deeply excavated; zygapophyses of Im’s either simply convex-concave, or saddle-
l shaped forming embracing articulation.

Limb bones slender to graviportal. Scapula and humerus about equally long, but much shorter than

radius-ulna. " Scapula proportionally wider, Max W about 3/5 — 3/4 of its Max L (H), with about equally large

- supra-and infra-spinous fossae and rudimentary acromion. Caput of humerus wider than long (APD); deltoid

- tuberosity weakly developed or vestigial; lateral epicondyle either undeveloped, or situated high, extending
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upward and laterally, with its lateral border straight. Radial tuberosity of radius represented by rough area,
never developed into deep depression; radius articulating with three proximal carpal bones. Ulna not strongly
curved, with olecranon short and primarily extended backward. All carpal bones with little developed
posterior processes, with progressively flattened proximal and distal articular surfaces and “hindering facets”
on antetior parts in later forms. Magnum becorning wider than high in later forms, while trapezoid and
unciform narrowed. Third trochanter of femur weakly developed or vestigial. Astragalus from about equally H

and W to much wider than high, with its trochlea changing from strongly concave-convex to little relieved.

' Manus from tetradactyl to tridactyl. Both manus and pes strongly monodactylized, with lateral metapodials

considerably reduced and turning backward and mesially. PhI-II of middle digit from pillar-formed to oval
dish-formed.

Remarks: Four subfamily names were proposed for the paraceratheres: Indricotheriinae ( Borissiak,
1923b; Lucas et al., 1981; Lucas and Sobus, 1989; Dashzeveg, 1991 etc. ), Baluchitheriinae (Osborn,
1923), Paraceratheriinae (Osborn, 1923; Simpson, 1945; McKenna and Bell, 1997) and Forstercooperiinae
(Kretzoi, 1940). The first three names were created in the same year, 1923. Paraceratherium is the earliest
established and valid genus of the paraceratheres. Baluchitherium socon turned out to be preoccupied by
Paraceratherium . Thus the name Baluchitheriinae is no longer based on valid generic name. Based on new
material described in the present volume, especially the skull and mandible found from Xinjiang (TP 9401,
vide infra ), we came to the conclusion that Indricotherium is synonymous with Paraceratherium . This
strongly supports the view that Paraceratheriinae are to be chosen as the only legitimate subfamily name based
on the type genus Paraceratherium . This happens to be just what Simpson proposed more than 60 years ago
in his famous “Classification of Mammals” (Simpson, 1945, p. 257). On the other hand, we suggest to
exclude Forstercooperia and Pappaceras from the Subfamily Paraceratheriinae, admitting that they may take
their origin from the same ancestral group giving rise to the first true paraceratheres (Juzia), but evolved in
directions different from that of the true paraceratheres. It is recommended here to creat a higher, family

rank, Paraceratheriidae, to encompass these two lineages.

Juxia Chow et Chiu ( = Zhou et Qiu}, 1964

Forstercooperia {partim), Radinsky, 1967: 18—24, Figs. 8D, 9C
Forstercooperia (ergiliinensis} {7), Gabunia and Dashzeveg, 1974: 497, Fig. 1; Dashzeveg, 1991: 4951, Fig. 22
Imequincisoria (azhuangensis, partim), Wang, 1976; 104 - 106, PL. I
Imequincisoria (micracis}, Wang, 1976: 106 - 107, PL IIL1 -2
Imequincisoria (7} sp. (partim}, Wang, 1976: 107 - 109, V 5074. 4-5, 8
[non] Juzia (sharamurenense}, Tiwari, 2003: 103113, Fig. 4, PLL [1—-4

Type species: Juxia sharamurenensis (corrected from original sharamurenense, which is in error in
gender, based on erticle 32 of “International Code of Zoological Nomenclature”, third cd. , 1985).

Other included species: J. micracis (Wang, 1976), J. shoui Qi et Zhou, 1989 and J .7 ergiliinensis
(Gabunia et Dashzeveg, 1974).

Geographic and stratigraphic distribution: China: Shara Murun and Ureyn Obo arcas of Siziwang
Banner, Nei Mongol, from Shara Murun and Ulan Gochu (?) {ormations, late Middle to early Late Eocene;
Wucheng Basin, Henan, from Wulidun formation, late Middle Eocene. Mongolia: Ergilin Dzo, from Ergilin
Member, Late Eocene. _

Emended diagnosis (mainly based on type species) : Smallest and most primitive paracerathere. Body size
about 1/2 as that of Paraceratherium grangeri . Skull dolichocephalic, with long cranium. Sagittal crest long
and high, with its length exceeding 1/4 of total skull length; grooves between paroccipital and posttympanic
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ccesses on lateral surface still observable. Nasal wide, with its dorsal profile almost straight, and anterior tip
ching the level of anterior end of muzzle; posterior border of nasal notch above P3, distant from’ anterior
rgin of orbit, with irregularly lobate projection at its posterosuperior corner. Dental formula complete.
sors longer (mesiodistally) than wide (labiclingually}, with mesial and distal ridges; first pairs being the
rgest: Canines incisiformed, only slightly larger than third incisors. P1 present, triangular, P2 with
conule clearly separated from hypocone, P2 — P4 with prominent para-and metacone ribs; M1~ M2 with
é‘l‘,acone rib and antecrochet, though feeble. Crown height index < 0. 6. pl present, p3 — pd/with
dimentary entoconid; p2 — m3 with trigonid markedly higher than talonid, protolophid and- hypolophld
arply descending anteriorly.
Neck (Cl1 — C7) slightly longer than skull. C without greatly hollowed transverse canal; planes of capita
d vertebral fossae form acute angles with bodies; transverse processes plate-formed; capité and: vertebral
ssae about equally wide and high in C4 — C7. T probably 18, spinous processes excavated posteriorly. Lm
%, with long, laterally extended transverse processes and imbricating zygapophyses. Rib curved‘-'column-in
'LIha'pe, with its cross section being roughly rectangular, concave on anterior and posterior sides..
Limb bones long and slender. Deltoid tuberosity of humerus and third trochanter of femur feeble. Radius-
iilia longer than bumerus by 1/4, ulna markedly more slender than radius. Magnum higher than wide,
‘fatrower than unciform. Lunar rested mainly on unciform, hardly contacted with magnum. Astragalus
lightly higher than wide, ridges of trochlea markedly oblique, and medial groove deep, sustentacular facet
: .gher than wide, obliquely positioned. Cuboid articulated with Mtlll. Manus tetradactyl, with McV
sispending above the ground. Melll and MtII1 about 40% as long as radius and tibia respectively. Distal
arts of lateral metapodials deviating from the middle ones. All Ph’s long, PhI-Phll not disk-like, Phl longer
izn wide, PhIIl with deep central cleft on distal margin. :
- Remarks: The status of Juxia as a valid genus had been doubted in 1960s and 1970s. Radinsky (1967)
stransferred Juzia and Pappaceras, together with Fotrigonis borissiaki from Asia, and Hyrachyus grandis
tomn- North America, to the genus Forstercooperia, thus making the latter a transpacific genus in
stribution. -Chow ef al . {(1974) maintained the validity of the genus Juxia. Accepting Chow et al.’s view
general, Lucas et al. (1981) enlarged the contents of Juxia to include the genus Imequincisoria erected
o .-.-;»’by Wang in 1976. '
" As Chow et al. (1974) pointed out, the differences between Juxia sharamurenensis and Forstercooperia
i 'jr;_‘f:-éﬁ‘jtadentam were so obvious that their generic status should be regarded fully warranted. In addition to the
" differences pointed out by Chow et al. , the following can be added. 1) In Forstercooperia the nasals are wide
- and short, with their lateral borders converging rapidly only near the anterior end, thus the anterior tip
‘suddenly becoming acute; whereas in Juzia the nasals are long and narrow, with their lateral borders evenly
"“converging anteriorly, thus the anterior tip being slender and pointed. 2) In the former the 12 - 13 (11 is
- “unknown) and C are all conic inform, wider (labiolingually) than long {(mesiodistally), without ridges, and
- closely arranged. They are thus mérkedly different from those in the latter { wide supra). 3) In the former
. the P2 — P4 are wider, with weak lingual cingulum, attenuated or lost at middle; whereas in the latter these
teeth are proportionally longer, with continuous lingual cingulur. 4) The former form is larger, although it is
earlier in appearance {Irdin Manha). We note here that most of the distinctive features of Juxia are

. reminiscent of those of later Oligocene paraceratheres. Forstercooperia totadentata , on the other hand, might

*+ belong to a gideline, probably split from the same ancestral stem forms giving rise to Juxia. They should not
r be grouped in the same subfamily, let alone the same genus.

The nature of Forstercooperia ergiliinensis {Gabunia and Dashzeveg 1974) is still not fully certain.
Lucas and Sobus (1989) transferred it to the genus Juxia. In tooth morphology and size (Tab. 4), it is
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closer to J. sharamurenensis rather than to Forstercooperia or Pappaceras. The single specimen of this form
was reportedly found in the Ergilin Member (Late Focene) of the Ergilin Dzo Formation, seemingly too [ate
for such a primitive form.

Pappaceras confluens differs from Jfuxia sharamurenensis slightly less than Forstreooperia does.
Nevertheless, its distinction {rom Juzia is evident. 1) Its nasals and nasal notch are more similar to those in
Forstreooperia than those in Juxia. 2) Its I1 is not the largest of the icisors, and the lower incisors are more
vertically implanted, while the lower incisors are obliquely implanted and the il is horizontal in Juzia. 3)
There is no indication of the grooves on the lingual side between the protocone and hypocone in P2 — P4 ip
Pappaceras. 4) No entoconid can be seen in p3 — p4 in Pappaceras. 5) 1t is smaller in size. On the whole, it
is inadvisable to merge Pappaceras and Juxia into one genus.

As regards Imequincisoria, the problem seems more complicated. A closer comparisoti of the concerned
fossils led us to think that I. micracis may be a form closer to f. sharamurenensis than to I,
mazhuangensis . The distinction of I. mazhuangensis from Juxia may be summarized as follows. 1) Irs
general size is larger (Tabs. 4 —5). 2) In P2 — P4 the hypocone is not separated from the protocone clearly;
in P2 — P3 the metaconule is straight and pointed anterolingually to join the protocone. 3) Molars are higher
crowned The paracone H of a slightly worn M2 is 33 mm, and that of M3 is 26 mm. The same
measurements taken from similarly worn M2 and M3 in Juzia are 24.5 run and 21 mm respectively. 4) The
protolophid and hypolophid in ml —m3 are higher, less steeply sloping anteriorly. resulting in increasing the
height of the ectoflexid. The height of ectoflexid in an m3 of I. mazhuangensis measures 16 mm, while that
of Juxia is only 12.5 mm. It might be more than probable that I. mazhuangensis is a member of the genus
Forstercooperia , while I. micracis is not, but a member of the genus furia . I this eventually proves to be
correct, the assembled incisors referred by Wang (1976) to I. mazhuangensis might in reality belong to
Juzia, judging by their close morphologic similarity with those of Juzia (wide infra ). Another important
fact supporting the above idea is the presence of two types of carpal bones associated with thesc two {orms.
The small-sized hones are almost identical to those of Juzia sharamurenensis. A small-sized unciform shows
clearly that its manus should be tetradactylous as in Juzia (Pl. XIX 7). The large-sized bones are not only
bulkier than those of Juxia , but the unciform shows clearly that the manus is tridactylous as is shown in PL
XIX 8 of the present volume (vide infra ). As a result of the above comparison, we are inclined to transfer [.
micracis to the genus Juxia ., thus fuxia micraces, and I. mazhuangensis to Forstercooperia ., thus
- Forstercooperia mazhuangensis .

Just recently, a skull found from the Eocene molasse deposits of Livan Formation at Lodakh in the part of
Kashmir under India’s jurisdiction was described as belonging to Juxia sharamurenensis ( Tiwari, 2003).
Judged from the tooth morphology of the skull, which is characterized by clearly separated protocones in

premolars and large antecrochets in molars, it is almost certain that the skull should belong to Aprotodon .

Juxia sharamurenensis Chow et Chiu ( = Zhou et Qiu), 1964
(Pls. 1 - XVIIL,XLIV-XLVI; Figs. 8 —28; Tabs. 1-34, 40, 52 -57)

Holotype: V 2891, nearly complete articulated skeleton of an adult indivudial (about 22 — 25 years old,
vide infra ), consisting of skull, mandible, atlas, C3, C5—C7, T1 — T35, 4 middle and the last 3 T's,
Lml—Lm2, Lmd and the last Lm; first right rib, middle ribs of both sides, some posterior right ribs and rib
fragments; scapulae, humeri of both sides, right radius and ulna, proximal ends of left radius and ulnas
scaphotd, lunar, unciform (without posterior process) and McIV of right side; innominate bones, femuri,
patellac, tibiae and fibulac of both sides (without distal end of right fibula); left navicular, right ento-and
mesceuneiforms, left MtIE, right Mtll (without distal end) and Mtill; 2 Phl's, 1 Phil and 1 PhIII of
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ddle digits, 2 PhIl’s, 3 PhIl’s and 2 PhIII’s of lateral digits. Most of the bones are violet or brown in
1gr. Preservation of the fossils is generally good, but most of the long bones are compressed and vertebrae
ished and damaged.

«.. Other referred specimens: Specimens found from the same beds of the same locality: 1} S54103.1-2,
complete skull and mandible of an adolescent individual (12 — 15 years old, wide infra ), keépt in
aiédntologic Institute of Russia, casts and photos in IVPP. 2) V 2891.1, left scaphoid, lunar, cuneiforn
.‘ -unciform of the same individual. 3) V 2891.2, left Mclll — IV (without distal ends). 4) V 2891.3,
tragalus. 5) V2891.4, a broken calcaneus. 6) V2891.5, Mtll—IV. 7) V 2891.7, isolated limb-benes,
duding distal end of scapula, scaphoid, unciform, distal end of femur, patella, 3 fragments of Eibiae,
tragali, cuboid, and ectocuneiform. It is almost certain that part of above listed specimens could belong o
e skeleton, but it is impossible to know which really do so.

- A fragmentary cranial part of skull of young age (V 2892) and maxillae with M1 — M3 of both sides
893) were previously referred to the present species by Chow and Chiu in their preliminary report on the
ecies (1964). A closer examination of them revealed that they probably do not belong to this species.

‘ On the other hand, Radinsky (1967) referred six 3CAE speciemns (AM 20286 — 20288'; 81806, 26750
d 26753) 10 Juria sharamurenensis, All these specimens are smaller than the holotypé (vide Radinsky,
67, p. 24). The right pes (Radinsky, 1967, Fig. 10} would be only about half the size of the holotype (V
91), were the scale in Radinsky’s Fig. 10 correct. It scems unlikely that the above listed 3CAE specimens
belong to Juxia sharamurenensis .

Lecality and horizon: Near the well of Ula Usua, in lower part of Shara Murun Formation, consisting
ainly of light brown clays, late Middle Eocene.

- Diagnosis: Compared with J. micracis, J. sharamurenensis is primitive in having about equal-sized
isors, with the first pairs being only slightly larger than the others; having weak cingulum and mesial and
distal crests. Crista and accessary cristac in postfosette scarecely developed in P2 — P4. It differs from J.
oui in nasal notch being particularly deep, posterior end of which lying above posterior half of P3, instead of
above P2, having longer C—P1 diastema, relatively large P1, and well separated hypocone from protocone in

Description and Comparison
{1) Skull and Mandible

o The skull of the holotype is comparatively well preserved, but had been subjest to lateral compression,
< with ventrat side being badly damaged. The bone sutures are mostly obscure or completely lost, except those

" “between premaxilla and maxilla, on zygomatic arch, and between the two nasals.

1) Description
Occipital view (Pl. IIl 1b, Fig. 8, Tab. 1): The occipital view of the skull is bell-shaped, higher than
*wide, broader at base, with strong constriction at the level of the lower end of the upper 1/3. The occipital
© crest is well developed, forming a curved, wide band of rough surface, projected above the temporal and
| “beyond the nuchal surface, with its middle being the most prominent and thickest part (17 mm). At the point
~of the constriction on lateral side, the occipital crest divides into two fine crests: one tums downward and
-, forward, changing into the temporal crest; the other is feebler, stretching downward onto the lateral surface
of the coalesced paroccipital-posttympanic process. The exoccipital sagittal crest, where nuchal ligament
attaches, is fine but still prominent, bordered bilaterally by a pair of deep fossae (Fig. 8 s). The lateral ridges
<. of the fossae converge ventrally and change into a large protuberance above the foramen magnum (Fig. 8 p).
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The lateroventral border of the condyle is more or less ridge-like (linea divisa condyli, vide Flerow, 1957, p.
14 —15), scparating the condyle into a posterior and a ventral surface.

Lateral view (Pls. 12, II 1; Fig. 9; Tab. 1): The skull, especially its cranium, is proportionally low
and long. If the postorbital process is taken s the dividing point, the cranial and the facial parts are about
equally long. The distance between the posterior borders of the condyle and the postglenoid process is slightly
more than 1/5 as long as that between the posterior border of the condyle and the P1 (Tab. 1, ratio 4). The
oceipital condyle is large, hemispherical in form. The linea divisa condyi forms an angle of about 45” with the
cranial axis. This angle is important in deciding the angle between the skull and the neck (wvide Flerow,
1957). The lower border of the condyle constitutes the lowest point of the eranium. The upper 1/3 of the
occiput slants backward, but not beyond the condyle. There arc as many as 10 postparietal foramina (for the
term see Scott, 1896, p. 358) on the temporal surface. The paroccipital and posttympanic processes are
completely coalesced into one process, with a vertical furrow on the lateral side of the process and a foramen at
the furrow’s upper end (Pl. 12 ). The posttympanic process is large, about twice thicker (APD) than the
parcccipital one. The coalesced process is widely separated fram the postglenoid process.

The upper profile, with the exception of the free part of the nasals, which slopes slightly downward,
forms almost a straight line. The postorbital process on the frontal bone is blunt, lying above the posterior
border of M3, whereas the postorbital process on zygomatic arch is scarcely noticeable (Pl. I 2). The
zygomatic arch is generally weak and long, ascending posteriorly. Its posterior end is enlarged into a lobe
shaped blade protruded upward, with its anterior rim ascending particularly steeply. The lateral surface of this
blade is roughly vermiculated. Otherwise the zygomatic arch is rather slender. The zygomatic arch ends above
the anterior half of M2 anteriorly, slightly posterior to the anterior rim of the arbit.

The posterclateral portion of the nasal expands onto the facial surface, occupying its dorsal 1/3. The free
part of the nasal is very long and slender, with its tip approximating the anterior end of the premaxilla. The
cross section: of this free part of nasal is roughly equilzteral triangular (Fig. 9). The nasal notch is very long,
with its posterior border being irregular in form, having two nedules {Pl. 12). The nasal notch ends above
the posterior half of the I’3 posteriorly. The nasal bone posterior to the nasal notch is thin. The mfraorbital
foremen is situated below, or slightly behind the posterior end of the nasal notch, above P3. The premaxilla is
long and thin, beginning at the middle of the nasal notch posteriorly {Fig. 9). The maxillo-premaxilla suture
extends anteriorly beyond C.

Dorsal view (Pl. T 1): The sagittal crest is strongly compressed laterally, forming a high plate in its
middle portion. It is ~170 mm long, splits posteriorly into two diverging ridges, thus forming a triangular
area of about 50 mm long. Anteriorly, at the level slightly antcrior to the glenoid cavity, the sagittal crest
bifurcates into two frontal ridges leading to the frontal postorbital processes. The zygomatic arches are only
moderately expanded, with their maximum points of swelling at the anterior end of the glenoid cavity. A
sagittal groove is formed zlong the suture between the nasals. The premaxiila becomes thin anteriorly, and a
deep groove is present between the two premaxillae (covered by nasals in dorsal view).

Ventral view (Pls. 112, IiI la; Fig. 11 A): The ventral side is poorly preserved. The condyloid fossa
lying between the condyle and the paroccipital process is large and deeply concave. The hypoglossal foramen is
also large, farther away from the condyle. The basioccipital and basisphenoid bones are broad, with a wide
sagittal ridge. The basilar tubercles are very prominent. The cross section of the paroccipital procees 18
irregular in shape, but wider than long; whereas that of the posttympanic process is about equally long end
wide. The postglenoid process is situated in the medial half of the glenoid cavity. The posterior border of the
palate is located at the posterior border of M2, The premaxillac are thin end straight, slightly converging
anteriorly. The anterior border of the muzzle has a sagittal notch. The incisive foramen is very long,
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extending to the posterior side of the I1 anteriorly. Other structures on the ventral side are mostly obliterated.
Mandible (Pls. III 2, IV 2; Fig. 10; Tab. 2): The mandible of V 2891 is well preserved, with its
" fight ramus being almost complete, except i3 and ¢, which are lost. The mandible is low and long. Its lower
porder is' basically straight, with a feeble convexity under m3, and the symphysis weakly ascending
eirorly. A single mental foramen is situated under p3 — p4. The ascending ramus is very low, but rather
! broad (APD). The condyle is situated low, only 55 mm higher than the alveolar border in V 2891. It forms
_trémsverse bar, with a small round surface at its posteromedial comer, articulating with the postgleﬁoid
7 process of the skuall. In posterior view, on medial side, below the bar is a rugose concavity, and external to it
_*is a prominent process (Fig. 10 1), which is called postcotyloid process by Osborn (1898, p. 117). Below
."I"i_he-postcotyloid process the posterior border of the ascending ramus is smooth, then becoming a plate-like
srojection turning inward. This projection may serve as the attachment for the m. sterno-mandibularis (Fig.
.-). The coronoid process is broad at base, tapering rapidly upward, with its posterior border slanting
tronger than its anterior border. Its tip turns scarcely backward. The masseteric fossa is (x)nfi_néd to the
" upper half of the ascending ramus, very deep (20 mm) above its shelf-like lower border. The remaining parts
of the ascending ramus are smooth, and the area for muscular attachment at the mandibulai angle is not
""‘:d-:jstinct. The mandibular foramen on the medial side of the ramus is located slightly lower than the alveolar
- border. ' E
N 554103.2 (Pl IV 2) is about the same as V 2891, with the only distinction that the ascending of the
*lower border of symphysis being steeper, a character possibly caused partly by deformation.

" 2) Comparison

Though basically similar to all of the most primitive rhinocerotoids (Hyrachyinae and Hyracodontinae) ,
]ua:za differs from them in a number of features in skull and mandible. The plesiomorphic features shared
" commonly by all of them are as follows. The skull is dolichocephalic, with postorhital process lying at about
the middle of the skull. Dorsal profile of skull is rather straight, with the top of the nuchal surface lying not
posterior to condyle. Sagittal crest is high and long. Irregular nodules are present at the dorsoposterior corner
5f the nasal riotch. Pseudo-meatus acusticus externus is widely open. However, Juxia possesses a series of
apomorphic feature of its own as \,\follows: 1) The paroccipital and posttympanic processes are comipletely
coalesced to form a large, wide and thick single prossess. 2) The basicranium is proportionally lengthened. 3)
: Ttle condyles are larger and higher relative to the low nuchal surface. 4) The free part of the nasal is slender
md long, thickened sagittally (triangular in cross section) instead of being plate-like. 5) The nasal notch is
- particularly deep, reaching the level of P3 posteriorly, and close to the orbit. 6) The ascending branch of the
- premaxilla is shortened, without direct connection with nasal. 7) Incisors are arranged in two more or less
straight lines weakly converging anteriorly, instead of forming a curve. 8) Ascending ramus of mandible is
. particularly low, height of the coronoid process being less than 1/2 of the mandible length (Tab. 2 ratio 3).
- 9) Posterior border of mandible is nearly vertical with weakly expressed mandibular angle.
. 'The skull and mandible of Hyracodon are highly specialized among the most primitive rhinocerotoids.
. The muzzle part of the skull (including the nasals) is strongly shortened, nasal notch is very shallow, but the
“nuchal surface slants strongly backward, beyong the condyle. The posterior border of the mandible slants
' '.'.St-_rongly, forming a very pronounced mandibular angle, and the tip of coroncid process is strongly turned
: béclwvard. Other primitive rhinocerotids ( Teletaceras, Trigonias, Subhyracodon, Amphicaenops etc.)
differ from fuzia in majority of the above listed features, except the 6) and 7). '
Forstercooperia totadentata is so far known only by an anterior part of skull. Its muzzle is very short;
the nasals are wide and plate-like, with the tip forming a stubby triangle; the nasal notch is very shallow,
. Pposterior end lying above the canine; and the ascending branches of premaxilla is long and broad, widely
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connecting with nasal. In all these features Puppaceras confluens is rather close to Forstercoopers,,
totadentaia. The mandible of Pappaceras confluens is further different [rom Juzia m having a mugh
pronounced mandibular angle and upturned symphysis with almost vertically implanted incisors.

Although enormously larger than Juzia , the large-sized paraceratheres remain close to Juzia in a numbey
of apomorphic features in skull morphology. The common features shared by them are, for instance, the
propotionally larger condyle, the extremely large and completely coalesced paroccipital and posttyrpanic
processes, the long cranium and the nasal notch, the long and pointed nasals, etc. However, a number of
features seen in Juxia have changed or become lost in large-sized paraceratheres during their further
evolution. These are: 1} The long and high sagittal crest turned into a {lat surface bordered by diverging
parieto-frontal ridges. 2) The premaxilla became either strongly elongated with a single, much enlarged 11
(in Paraceratherium ), or strongly reduced with atrophied incisors ( Dzungariotherium and Aralotherium).
3) The ascending ramus of mandible became much higher relative to the mandible length. 4} The symphysie
became highly divergent in morphology, either becarme much robust, with its posterior border shifted
backward to pd ( Paraceratherium ), or turned downward together with the single enlarged il
(Aralotherium )}, or strongly reduced ( Dzungariotherium ), or stretches directly forward with divergent il

( Turpanotherium }. All these patterns of symphysis can clearly be scon in Fig. 31 in Part V.
(2} Dentition

Dental formula is complete (3-1+4-3) .

1) Description

Incisors (Pls. 11 2, [II 2, IV; Fig. 11; Tab. 3): In the holotype (V2891), all the six preserved
incisors are heavily worn, whereas all the incisors in 85 4103. 1 — 2 (casts) are only slightly worn. The
incisors are progressively smaller from front to rear, about equally and sparsely spaced. 11 has its crown
rounded i cross section, about equally stout as its root. The mesial and distal ridges divide the crown into a
larger and convex labial surface and a smaller vertically concave lingual surface bordered by clear cingulum at
the base. 12 is similar to I1, but smeller and lower. I3 is still smaller, with its lingual cingulum indistinct.

On the holotypc wear facets can be clearly scen. There is only one distal facet in I1, whereas 12 — I3 have
both mesial and distal faccts respectively, though smaller than in 1.

Lower incisors in SS 4103.2 are better prescrved (Pl. IV 2). They arc slightly larger and narrower -
labiolingually than the uppers. In morphology and disposition they are about the same as the uppers. The
crown of 11 is stouter than the root because of its broadened base. The il is almost horizonrally directed, while
the i2 1s procumbent. The crown of the 13 is nearly vertical.

In holotype the wear facet in il is almost perpendicular to the erown axis, while in 2 wear [acets are
present on both mesial and distal sides, as in [2.

© Canines (Pls. [I12, IV; Fig. 11; Tab. 3): In holotype only the left upper canine is preserved, but the
alveoli of the others are distinctly shown. In S8 4103. 1 - 2 all four canines are preserved. The canines ate
incisiformed, but larger than ineisors. The crown shape of the upper canine is roughly similar to that of 13,
with anterior and posterior ridges, weak lingual cingelum and an anteriar wear facet, but irs root is moré
robust than its crown. lts distance 1o 13 is slightly {arger than the diastemata between the incisors. The lower
canine is more laterally compressed than the upper one, situated closer to i3 than C to 13. lts root is about
equally srout as the crown.

It can be concluded that the upper and lower incisors and cainines are alternately arranged, with the :
uppers being 1/2 toath in Tront of the corresponding lower ones. Therelore. with the cxception of the first ‘
pair ol incisors and the canines, cach incisor has two wear [acers.
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Cheek Teeth (Pls. [ 2, II, III 2, IV; Fig. 12; Tabs. 4 —35): Two complete sets of upper and lower
k teeth (V 2891, SS 4103.12) are preserved in the collection. _

P1: In holotype, the tooth is heavily worn, leaving a small anterior pit and fully exposed dentine in the
j‘ter-ior half. It is roughly triangular in outline, slighﬂy longer than wide, and two-rcoted. The paracone is
sminent and swollen in the middle of the buccal wall. The parastyle is large only at the base; while the
itacone is only about 1/3 the size of the paracone, weakly swollen labially. The connection between the
'toloph and ectoloph is very narrow, lying far anterior to the paracone. The lingual half of the P1 in SS
03 1 is broken away.

P2: The P2 is perfectly preserved in S5 4103. 1. It is roughly square in outline, with its anterohngual
mer rounded. The paracone and metacone are distinetly shown on both the lingual and buccal walls of the
oloph. The protocone is slightly larger than hypocone, but both are lower than para-and metacone. They
lca.rcely coalesced with each other, with deep separating groove expressed on lingual side except at the
se. The protoloph is connected to the ectoloph by a thin ridge in front of the paracone. The metaconule is
stinct and crescent in form, weakly connected with hypocone and ectoloph. Continuous cingulum is
veloped around the anterior, lingual and posterior sides of the tooth, while the buccal cingulgi-h is weak. In
lotype, the separation of hypocone from protocone is considerably weak, leaving the lingual groove almost

. P3: The P3 is similar to P2 in basic structure, hut wider than long, with paracone zind metacone of about
| size. The protoloph is thick and high; the protocone is confluent with the hypocone, but still with a
oove on the lingual side. '

. P4: It is similar to P3 in general structure, but the protocone is even less separated from the hypocone,
hich extends slightly lingually, with less clearly expressed lingnal groove. The parastyle and parastyle fold
s better developed.

- As described above, the P2 — P4 are hasically submolariform, while the P2 heing slightly more

M1- M2: They are quadrate, with more distinct parastyles and parastyle folds on buccal walls. The
cone forms a complete loph with scarcely expressed metacone rib. Both protoloph and metaloph ere fully
formed, but the latter is shorter than the former. The lophs are simple, without clear indication of secondary
ctures {crochet, antecrochet, crista etc. ). The lingual cingulum is weak, or interrupted at the protocone
: -hypocone. 7
M3. The tooth is triangular in outline. The ectoloph merges with metaloph almost completely, with a
ridiment of metacone expressed as a fine ridge starting from the middle of the crown and culminating at the
dse in a form of tubercle bordered lingually by a depression. Otherwise the tooth is similar to M1 —M2.
pl: The pl is single-rooted, and its crown takes the form of a laterally compressed cone. The protoconid
situated in the center, sending ‘three crests form its top: anterior, posterior and posterolingual one which is
e weakest. Buccal and lmgual cingula are dlstmct at the anterior and posterior ends, but lost at the middle
- the lingual side.
" p2: Its crown is like that of pl in general form, but larger and supported by two roots. The protoconid
bust, sending a ridge anteriorly to form the protolophid. The anterior end of the protolophid turns
hngually, forming a tubercle. The hypolophid is short and low, occupying only the posterior 1/4 of the tooth.
narrow ectoflexid can be seen. The surface posterolingual to the hypolophid is shallowly depressed, forming
rudimentary talonid. The cingulum is like that in pl, but the buccal one is stronger and U-shaped.
p3 —p4: They are alike in form and structure. The trigonid is U-shaped, formed by the low and short
aralophid, the anteriorly sloping protolophid and the highest metalophid. The posterolabial corner of the
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protoconid is not ridge-like, nor covered by tubercles. The talonid is semi-L-shaped, with a low, but fully
formed hypolophid, but an incomplete entolophid consisting of a small entoconid weakly linked with the
entolophid. The buceal cingulum is prominent at the anterior and posterior ends and well developed at the
posterior halfl of the woth. The lingual cingulum is only absent at the lingual side of the metaconid. The p4 is
more square in form than p3, with fully developed trigonid and higher entoconid, more clearly separated from
the entolophid.

ml —m3: The three molars are nearly of the same typical U+ L pattern of rhinoceros. The paralophid is
low and cingulumn-like, and the hypolophid descends sharply forward, connecting the metalophid almost at its
hase.

2) Comparison

The incisors and canines of Juxia are markedly different from those of the other primitive rhinocerotoids.
In Hyrachyinae and Hyracodontinae the incisors form an arc and usually closely implanted; the first pairs are
never so enlarged as in fuxia , and the il is more or less vertically positioned instead of being horizontal. Their
incisors and canines are mostly conical and pointed ( Hyracodon ), or roughly chisel- or scraper-like
{ Triplopus, Ardynia). ‘

Allacerops turgaica differs from Juzia in having much enlarged canines, which is rather unique in
primitive rhinocerotoids.

The earliest representative of the Rhinacerotidac, Teletaceras, has already greatly enlarged, button-
shaped II and tusk-shaped i2, which are unanimously accepted as highly diagnostic for the true rhinoceroses.

In Forstercooperia totadentata and Pappaceras confluens the left and right rows of anterior teeth are
morc or less straight and anteriorly converging, like in Juxia. However, the upper incisors and canines of
Forstercooperia totadentate are all stubby, conical in form, wider than long, and closely arranged.
Pappaceras confluens is closer to Juzia in general morphology of the front tecth than Forstercooperia is.
However, its second pairs of incisors are the largest among the incisors, and all the lowers, including the il,
are nearly upright in position. The incisors attributed by Wang (1976) to Imequincisoria mazhuangensis
(transferred to Juria micracis in this volume) conform closely with those of Juzia in morphology.

Of the large-sized paraceratheres, Urtinothrium is the only form with the full number of indsors and
canines as fuxria. Nevertheless, in Urtinotherium the first incisor (known only for the lower) is
proportionally much more enlarged than in fuzia. All the other Oligocene paraceratheres possess, at the
most, only the first pairs of incisors, with highly reduced upper canines in rare cases.

The upper cheek teeth of Hyrachyinae differ from those of Juxia sharply. 1) They are much smaller,
with their P1 — M3 length never exceeding 130 mm (vide Wood, 1934). 2) The para and metacone remain
more conical in shape, shown especially on the buccal wall. 3) The upper premolars are basically
praemolariformed, with the degree of molarization increasing backward. 4) The lingual cingulurn is gencrally
poorly developed, often lost at the middle. 3) The parastyle in upper premolars is particularly prominent,
covering the whale anterobuccal comer of the protoloph, which is highly characteristic of the tapirs. 6) The
hypolophid and entoconid in lower premolars arc only weakly developed .

The upper cheek tecth of the early members of Hyracodontinae, like Triplopus, are stll very close to
those of Hyrachyinae. However, those of the later forms, such as Hyracodon etc., are already specialized.
The degree of molarization is more advanced, with P2 ~ P4 being semimolariform or molariform, Their
crowns are more hypsodont, with the height index as high as 0.78 - 1.1, and the talonids in p2 — p4 are
almost fully developed.

The upper premolars of Allacerops turgaica , although not fully molarized, are much more advanced,
characterized by the flattening of the buccal wall and the existence of particularly high posterolingual
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" cingulum. The p2 — p4 of this form have already fully developed talonids, forming complete entolophids.
' The earliest rhinocerotid, Teletaceras radinskyi, is still small-sized, with its P1 — M3 length not

e surpassing those of Hyrachyinae (Tabs. 4 —5). Morphologically, it differs from Juzia in the following ways.

1) In P2~ P4 the groove separating the hypocone from protocone on lingual side is hardly present or absent,

s 7,_:"j.whereas the metaconule is well separated from the protoloph-hypocone loop at the upper half of the crown. 2)

L The rudiment of the metacone in M3 is relatively large. 3) The pl is highly reduced, very small and simple in

. structure.

In ‘Forstercooperia totadentata only the upper premolers are available for comparison. They are quite

" close to those of Juzia in general morphology indeed. Their features differing from those of Juzia gire the

. crown being much wider than long, the lesser degree of separation of the hypocone from the protocofie, the
.. long, narrow and crested metaconule linking ectoloph in early stage of wearing, and the attenuation of the

lingual cingulum at the middle.

It is interesting to note that the cheek teeth of Forstercooperia ergiliinensis (Gabunia and Eashzeveg,
"-1974) are very close to those of Juzia. We tentatively transferred this form to the genus Juzia :
The affinity of Forstercooperia shiwwopuensis (Chow e al., 1974) and Eotrigqné'as borissiaki
* (Beliayeva, 1959) is difficult to recognize because of the paucity of their fossils.
_ The morphology of the check teeth of Pappaceras confluens are closer to Juria than that of
“ Forstercaoperia totadentatq is. Pappaceras differs from Juxia in having weaker groove separating the
hypocone from protocone, hypocone extending posterobuccally instead of posterolingually, and the absence of
entoconid in p3 — pd. ' _

The similarity between Juzia and the large-sized paraceratheres is striking (Fig. 12). However, the

latter are much mote advanced in the following features. 1) The Pl hecomes more reduced, or lost, and the

“* pl is completely lost. 2) The P2 is almost molariform. 3) The antecrochets and constriction folds in the upper

molars are developed. 4) The p2 is strongly reduced, becoming single-rooted, and the entoconids in p3 — p4

2307 are larger.

{3) Cervical Vertebrae {C’s)

1) Description
Atlas (Pl. V 1, Fig. 13, Tab. 6): The atlas is well preserved, only slightly compressed in dorsoventral

2 o direction. It is butterfly-shaped, about twice wider than long. The anterior border of the dorsal arch has a

E broad and deep V-shaped median notch. The anterior median notch on the ventral side extends backward
longer, forming a narrow cleft. The paired posterior articular surfaces {Fig. 13D 8)are broad, with their
upper and lower borders being subparallel and lateral borders rounded. The surfaces face mesiocaudally,

N forming a wide curve, when seen from above. The dorsal tubercle is situated in the posterior half of the dorsal

arch, forming a rugose triangular surface (Fig. 13A 1). The intervertebral foramen (Fig. 13A 2) is situated
- at the level of the anterior border of the wing, linking with the acute alar notch (Fig. 13A 3) by a groove.
* The ventral side of the ventral arch is smooth, with a pointed posterior tubercle (Fig. 13D 5), which is

bordered hilaterally by a pair of small depressions. The wings are nearly horizontal, extending laterally and
A slightly backward. The borders of the wings are thick and rough. The anterior border is short, far away from
the strongly projected anterior part with the anterior articular cavities, while the lateral borders extend
posterolaterally. At the posterior end of the wing, close to the lateral border of the posterior articular surface,
j.:'- is the small posterior orifice of the vertebrarterial canal (Fig. 13D 9). The dorsal surface of the wing is broad
- and slightly concave, while the ventral surface is perforated by the foramen alare inferior (Fig. 13B6). A
wide depression is developed mesial to this foramen (Fig. 13B 4).
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C3 (Pl. V2, Fig. 14, Tab. 7): As the atlas, it is slightly compressed and the transverse processes are
damaged and incomplete. The body is long, and oblique to the caput and vertebral fossa. The angle between
ventral surface of the body and the surface of the caput is about 40° {Fig. 14A o)}, and between the former
and the vertebral fossa is about 60° {Fig. 14A g). The ventral spine is present in the anterior half of the bady.
The convexity of the caput and the concavity of the vertebral fossa are slightly weaker than in posterior Cs.
Both the caput and the vertebral fossa are oval in outline, slightly wider than high, the latter being larger.
The upper border of the caput is weakly concave in the middle. The arch, zygapophyses, and transverse
processes appear very large relative to the body, but the zygapophyses are smaller compared with those in
other posterior C’s. The articular facets on pre- and postzygapophyses are nearly horizontal in position, but at
different levels: those on the prezygopophyses being higher than those on the postzygapophyses. The
prezygapophysis facet faces upward and projects anferiorly scarcely beyvond the caput, while the
postzygapophysis facet faces downward. Seen from above, the four zygapophyses form 2 trapezoid piate,
longer than wide, with the anterior part slightly narrower than the posterior part. The spinous process is
weak and ridge-like. The transverse processes are broad, plate-like. The transverse canal ( canalis
transversarius) is short, about 1/2 the length of the base of the transverse process, and not particularly
expanded to hollow the body.

Cs5 (PL. V3, Fig. 15 A, Tab. 7): The caput and the vertebral fossa are more rounded in outline, nearly
parallel with each other, and more convex and concave than in C3. The zygapophyses are comparatively larger
and the prezygapophysis projects beyond the caput. The four zygapophyses form a trapezoid plate, wider than
long, with the anterior part markedly wider than the posterior part. Otherwise C5 and C3 are basically alike.

C6 (Pi. VI 1, Fig. 15 B, Tab. 7): The postzygapophysis is more reduced, with its articufar facet more
inclined, facing downward and externally. The trapezoid plate formed by the four zygapophyses are even
wider. The transverse process is rather complexly structured, with the cross section of its base irregular in
form (Fig. 15Bd). The anterior and the third branch of the transverse process unite to form a broad thin
plate, with 1 notch separating them.

The salient features of C3 —C6 can be summarized as follows: 1) The bodies are rather long, with their
ventral spines developed only in the anterior halves. 2) The capita are positioned higher than the vertebral
fossae, but both are oval in outline, strongly convex and concave respectively, forming an angle around 40° —
60" with the axes of the bodies. 3) The zygapophyses are relatively large, [orming large trapezoid plates, with
the prezygapophyses projecting anteriorly and slightly beyond the capita. The articular facets of the pre-and
postzygapophyses are roughly parallel with each other, facing upward and downward respectively. 4) The
transverse processes are well developed, mostly plate-like, without distinct branching.

C7 (Pl. VI 2, Fig. 15 C, Tab. 7): Body is distinctly shortened, and the caput is not so strongly
elevated relative to the vertebral fossa as in other C’s. The ventral spine is short, devcloped in anterior half of
the body and bordered bilaterally by depressions. The ventral spine is replaced in the posterior border of the
body by two small tubercles. The caput is about hemispherical in form, with its upper border nearly straight.
The posterior end of the body is considerably widened by the addition of the paired foveae articulating with the
heads of the first ribs. The prezygapophyses remain very large, facing upward and mesially, extending far
beyond the caput, while the postzygapophyses are much smaller. The spinous process hecomes suddenly very
high in comparison with those of the preceding C's. A pair of small concave facets can be seen at the base of
the posterior side of the spinous process, apparently for the articulation with the corresponding facets of T1.
The trnasverse process is undivided, rod-like, with its posterior side at the middle of the body.

The lengths of the axis (epistropheus) and the C4 are estimated based on the relative proportion between
the C's. The total length of CL — C7 is estimated as about 640 mm, slightly longer than that of skull

- 276 -




(595 mm).

2) Comparison
~ The atlas of Hyrachyus eximius is much smaller than that of Juxia, about 1/3 as large as that of the
latter, bt proportionally they are alike (Tab. 6). Both have alar notches instead of foramina. However, in
"Hyrac}i&us eximius, the intervertebral foramen is situated within the notch, and the dorsal arch s extremely
highz" The atlas of Triplopus cubitalis is even smaller than that of Hyrachyus eximius (Tab. 6). It differs
‘frofn that of Juzia in being proportionally longer, with extremely narrow (in transverse direction) mngs, the
alar notch taking the form of a deep cleft, and the ventral tubercle being situated in the middle of the \I;éntral
side. According to Matthew (1915, Pl. CII 6), the lateral border of the atlas in Hyracodon e;ktends

‘posteromestally, instead of posterolaterally as in Juwiz . There is neither the large depression situated miesial to

“the foramen alare inferior, nor the ventral tubercle in Hyracodon .

The atlas of the primitive rhinocerotids, as exemplified by Trigonias, Subhyracodon etc.) is very
“gimilar to that of Juzia in general. However, the anterior part of the atlas containing the anterior articular
cavities does not so strongly protruded forward as in Juria, and the alar notch is usually deeply incised. The
dtlas in later rhinocerctids is readily distinguishable from that of ]d:cz'a by its extreme broadening (in
transverse direction) of the wings.

' In large-sized paraceratheres the atlas has been known only for three forms: Paraceratherium bugtiense

"P. lepidum and Aralotherium prohorovi. They are very similar to that of Juxia in general form and
-‘structure, but all are enormous in size and hollowed in the central part of the bone. The atlas of P. bugtiense
differs from that of Juzia in a number of features (Fig. 16): 1) It is proportionally longer (Tab. 6). 2) The
orsal tubercle is particularly developed and shifted toward the anterior end, forming a pair of large
rominences. 3) The wings tilt strongly downward in their posterior parts. 4) The posterior opening of the
canal is shifted upward, situated at the posterior border of the dorsal surface of the wing. The atlas of P.

! .ep'idum is probably the most similar to that of Juzia , only much more enlarged. The wings of the atlas of
\ . prohorovi extend more posteriorly than in Juzia , clearly expressed in the direction of its anterior border,

-which is posterolateral.

" According to Cope, the capita and vertebral fossae in C3 — C7 are roughly perpendicular to the axes of
heir bodies in Hyrachyus eximius .~ Their spinous and transverse processes are very long, the latter being
learly separated into branches. Although rather contradictory in description {Cope, 1884; Wood, 1934),

he length of C1 — C7 would not be longer than that of skull.

Based on the figures in Matthew (1915) and Scott (1896), the C3 — C7 of Hyracodon nebraskensis are
‘ imilar to those of Juxria in the lengthening of the bodies in general, and C1— C5 in particular, and the very
ow spinous processes in C3 — C5. However, the distinction between the two is obvious. 1) In Hyracodon
braskensis, C3— C5 are generally very elongated, longer than wide (seen from dorsal side) ; while in Juxia
(5 — C7 are all wider than long: 2) Tn the former the capita and vertebral fossae in C3 — C7 are perpendicular
o the axes of the bodies, while in the latter the capita and fossae are markedly oblique relative to the bodies. .
) In the former the ventral spine is very well developed, extending across the whole body, while in the latter
is weak and restricted to the anterior half of the body. 4) In the former the upper branch of the transverse
rocess is sitnply rod-like, while in the latter it is more plate-like and complicated in structure.

In primitive rhinocerotids, like Trigonias., Subhyracodon etc., the general morphology of C3 ~ C7 is
ather similar to that of Juxia. However, they are much shorter, with the capita and vertebral fossae being
33 stronély oblique relative to the bodies, the facets on the zygapophyses being smaller, and the transverse
racesses of the €6 being simpler. In later and living rhinoceroses the C's are readily distinguishable from
hose in Juxia. Their capita and vertebral fossae are all higher than wide, and less obliquely positioned
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relative to bodies. The vertebral (neural} canals are very large compared to the bodies, and the facets on
zygapophyses are all clearly tilted, the anterior ones facing mesiodorsally, and the posterior ones
lateroventrally.

The C3 — C7 of large-sized paraceratheres are very close to those of Juxia in general morphology. The
features commonly shared by them are: 1} All the C’s, especially C3— CS, are very much elongated. 2) The
facets on zygapophyses are flat, and nearly horizontally positioned, witheut tilting. 3) The spinous processes
are very low, except in C7. 4) There are only lower branches of transverse processes in C3 — C6, and the
upper branch of the transverse process in C6 is very complexly constructed. The large-sized paraceratheres, as
exemplified especially by Paraceratherium lepidum , differ from Juxia in the following features: 1) The
C1 - C7 are not only absolutely larger and longer than those of Juzia, but much more lengthened relative to
the skull. The length of C1 — C7 has been estimated as almost twice as long as the skull length in P.
lepidum . 2) The capita and vertebral fossae are much more transversely widened, with clearly concave upper
borders, making them dumb-hell in outline. 3) The capita and vertebral fossae are more or less perpendicular
to the axes of the hodies. 4) The branching of the transverse processes in C3 — C5 is clearer, with the well
separated posterior branch stretching markedly ventrally and caudally. 5) The transverse canals are greatly
inflated to make the bodies largely hollowed.

(4) Thoracic Vertebrae (T’s)

1) Description

Alrogether there are 12 thoracic vertebrae preserved.

T1 (Pl. VI3, Tab. 8): The T1 is damaged, with parts of its right transverse process and upper half of
the spinous process missing. The body is relatively small, with its width being less than 1/3 of the entire
width of the T1. The caput is roughly pentagonal in outline, slightly wider than high, strongly convex,
especially in its lower part. where the caput faces ventrally. The vertebral fossa, slightly wider than high and
deeply concave, is more oblique to the axis of the body than the caput. The ventral spine is well developed in
the anterior part, rather sharp-crested, becoming indistinct on posterior side. Costal facets is sttuated
relatively low, with their upper borders lying at the mid-height of the body. The vertebral foramen is roughly
triangular in shape with a wide base, which is still narrower than the width of the body. The facet on the
prezygapophysis is large and elliptical in outline, facing anterodorsally. No metapophysis is formed on
zygapophysis. Postzygapophysis is distinctly smaller than prezygapophysis. The vertebral notch lying at the
hase of the pedicle of the arch is deep and rather wide. The transverse process stretches posterolaterally, with
a facet articulating with the tubercle of rib on the lower side. The spinous process is high, slating backoward,
laterally flattened, with rather sharp anterior border, but widened on posterior side, which is deeply
excavated sagittally in the lower part. The lateral surface carries a groove on each side and the top of the
spinous process is thickened.

T2: It is poorly preserved.

T3 (Pl VIIL 1): The T3 is similar to T1, but slightly higher. The costal facets, especially the posterior
ones, are situated higher, with their lower borders lying near the mid-height of the vertebral fogsa. The facet
on prezygapophysis is present, but much smailer than in T1. The spinous process is slightly longer than that
of T1, slightly narrower in the part between the middle and lower 1/3. The posterior side of the spinous
process is excavated also in the upper part forming grooves extending along the wheole spine. A weak sagittal
crest is developed in the groove.

T4 ~T5 (Pl. VII 2, Tab. 8): These two vertebrae are similar in form. Their bodies are similar to that of
the preceding one, but with weaker ventral spine, and the curvature of the caput and vertebral fossa being
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eaker. The costal facets for the heads of the ribs are placed higher, the anterior ones lying at the upper half
f the body, connecting laterally with the facets for the tubercles of ribs to become an clongate articular
urface - The prezygapophysis facet is shifted to the anterodorsal part of the neural arch, and the
rezvgapophysis itself is practically wanting. The paired prezygapophysis facets are still large, elliptical in
hape,- facing anterodorsally, and connected with each other by the thin dorsal arch. The transverse proceés is
ocated at anterior part of the body, with a metapophysis ( mammillary) process on its dorsal side directing
_t'érock)rsally. The spinous process is broader and thicker than that of T3, and probably the longest in/T’s.
Four poorly preserved intermediate T’s and three posterior T’s, including the last two-(Pl.. VII 3 —4)
ware available for study. The last two T'’s are nearly of the same shape. For the last two T’s, the body 1s large,
yith flat caput and vertebral fossa, both triangular in form, the caput being slightly higher and narrower than
he vertebral fossa. The ventral spine is prominent and occupies the entire length of the body, which is deeply
ncave bilateral to the spine. The anterior costal facets articulating with the head and tubercle of ribs are
ited to form a single large one. No posterior costal facet is present in the last T. Zygapophysis fébets are of
ncave-convex embracing type, with the anterior facet embracing the posterior one of the preceding vertebra.
A prominent ridge-like metapophysis is developed at the upper part of the prezygapophysis. The transverse
process is small and concave upward. The spinous process is upright in position, laterally ‘thin, but broad
=ﬂnteropostenorly, especially near the hase, without posterior groove.
The main features of the T’s of Juxia may be summarized as follows.
It is not fully certain how many T’s are there in Juzia. Among the twelve T’s, the anterior five and the
“posterior three are continuous, but the rest of them are unassociated and their position in the series can not be
etermined . In general, the number of T's in perissodactyls varies from 18 w0 20 (Flower, 1885). Juxia may
have a similar number of thoracic vertebrae.
. The bodies of the T’s are large in anterior and posterior regions of the vertebral column, but smaller in
‘the middle part, those of the postetior region having the largest bodies. In general, the body is wider than
igh. The caput is roughly pentagonal in shape in the anterior T’s, while the vertebral fossa is oval in outline,
ecoming progressively rounded triangle in posterior T’s. The convexity of the caput and the concavity of the
ertebral fossa are progressively weakened toward the rear. The ventral spine is prominent in the antetior and
i)@steﬁor ones, but indistinct in the intermediate ones. A pair of ventral depressions are developed on each side
‘of the ventral spine in anterior T’s, but in posterior T’s the depressions are so enlarged that the whole surfaces
;‘_bilateral to the ventral spine face ventrolaterally, making the cross section of the body triangular in shape. The
" costal facet articulating with the head of rib is large in the anterior T’s and is lowly positioned, progressively

| be_coming smaller and finally lost, and higher placed in the rear. The large and flat prezygapophysis facet
1 remains on the prezygapophysis itself in T1 — T4, beconming smaller and shifted on the anterodorsal plate of
E the neural arch in the intermediate T’s, transforming into large and concave-convex embracing pattern in the
b !

posterior T's. The metapophysis becomes increasingly large backward. The transverse process is placed lower

:._ and separated from the caput in the anterior T's, becoming smaller and higher in position in the rear T's. The

{ spinous processes is large even in T1, reaching to maximum height in T4, and then diminishes toward the

: rear T16 may be the diaphragmatic vertebra, with the first vertical spinous process. The spinous process is

' -l_)road and thick, with acute anterior border, but broader posterior side earrying deep grooves in anterior T’s.

In the posterior T7s, the spinous process becomes thin and plate-like, without groove on the posterior side,
and the top is thickened and roughened.

2) Comparison

Our knowledge of the T’s in primitive rhinocerotoids are very meager either due to a paucity of material
or a lack of adequate description. But from some brief descriptions so far available, we can see that they can
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readily be distinguished from those of Juxia in general. In Hyrachyus eximius the upper ends of the spinoys
processes of the T7s, especially those of the anterior ones, were slanting forward in their upper parts, and the
metapophysis, well developed. Both of these features have not been seen in Juxia . According to Scott {1896)
and Matthew (1915), the body of the T’s in Hyracodon nebraskensis was longer than high, with long ventral
spine extending across the whole body, and the metapophysis being well developed. The lower parts of the
spinous processes in all T’s are deflected dorsocaudzlly, without any indication of median grooves on posterior
sides. Thus, there is no diaphragmatic vertebra.

Some T's of Allacerops turgaica were described by Borissiak (1918} in detail. The anterior T’s are
similar to those of Juxia in having their bodies wider than high, with costal facets positioned low, and the
zygapophyses relatively large, etc. However, in Allacerops neither median grooves on the posterior sides of
the spinous processes in Ts, nor the zygapophyses of embracing type in the posterior T's were reported.

The differences of the T’s between Juxia and the later rhinocerctids, exemplified by Coelodonta

- antiquitatis and Rhinoceros unicornis , are obvious. In the latter group, the facets on the zygapophyses are

generally much smaller, the transverse processes and the costal facets are positioned high, the costal facets are
relatively larger, and the spinous processes of all the T’s are deflected dorsocandally, thus no diaphragmatic
vertebra is present. Furthermore, in the anterior and middle T's, the grooves on the posterior sides of the
spinous processes are narrow and shallow, but {illed by very prominent sagittal erests; the zygapophysis {acets
in the last several T's remain simply structured, without embracing each other.

Based on the descriptions by Borissiak, Granger and Gregory, and Gromova, especially on the newly
discovered material of Paraceratherium lepidum (wvide infra), the similarities and differences between Juria
and the large-sized paraceratheres can be summarized as follows. The features commenly shared by them are
mainly in having wider bodies in all the T’s, and large median grooves on the posterior sides of the spinous
processes and the large, strongly laterally extended transverse processes in anterior and middle Ts. However,
even in these features the degree of specialization is much more advanced in the large-sized paraceratheres. In
addition to the enormous size difference, the distinction between Juxia and the large-sized paraceratheres can
be summarized as follows: 1) In the latter group, all the spinous processes deflected dorsocaudally, without
forming a diaphragmatic vertebra, while in Juxia the spinous processes of the T's posterior to the T16 are all
upright in position. 2} All the zygapophysis facets of the T’s are more or less equally developed in the latter
group, while in Juzia those in the anterior T’s are much enlarged, diminishing gradually backward. 3) In
Juxia, the zygapophysis facets of the [ast 2 T’s are embracing in pattern, becoming more similar to those of
Lm’s, while in the latter group these [acets are roughly about the same as in other T7s, 4) In the latter group
the ventral spines is almost completely absent in all the T’s, while in Juzia the ventral spines are developed in

anterior and posterior Ts.
(5) Lumbar Vertebrae (Lm’s)

1) Description

Four LLm’s are preserved (Pls. VII'5—6, VIII 1-3; Tab. 9).

Lml: It is only partly preserved. Its body is close to those of the last two T's. The caput is roughly
heart-shaped, slightly higher than wide, with upper border being conecave. The capurt is nearly {lat, slightly
concave in the center. The vertebral fossa is of ahout the same form, but slightly wider. The ventral spine is
prominent, extending across the whole body. The surfaces bilateral to the ventral spinc are concave and large.
The prezygapophysis facets arc deeply concave and saddle-shaped, [acing anteromedially, with their anterior '
borders projecting beyond the caput. The postzygapophysis facets arc convex and saddle-shaped, facing
farcroventrally, “with their posterior borders extending beyond the vertebral fossa. Metapophysis is located
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igh, higher than presygapophysis, forming a sharp crest descending abruptly caudally. The transverse
rocess is plate-like, extending outward horizontally. The spinous process is high, twice as. high as the body,
oad -anteroposteriorly and thin transversely. Both its anterior and posterior borders are sharp and crested,
i the latter has a median groove near the base. The apex of the spinous process is thickened and roughened
top-

Lm2 (Pls. VII 5, VIII 1; Tab. 9): It is better preserved, in general very similar to Lml, but d1ffers
hghtly from the latter in having higher metapophysis and larger and wider postzygapophysis.

-Lmd (Pls. VIL 6, VIII 2; Tab. 9): The body is broader, with width of caput 1.5 times greater than
ght. The ventral spine is indistinct, so that the surfaces bilateral to the spine face mainly downward. The
ansverse process is narrow at base, and its posterior border is about 18 mm in front of the vertebral fossa.
e spinous process is still higher and inclines forward. '

' The fast tumbar vertebra (Pl. VIII 3): Of the vertebra only the body and parts of transverse processes
preserved. The caput takes the form of a flattened ellipse, with the height of the caput half as 1ts breadth,
ile the vertebral fossa takes the form of a rounded trapezoid with very broad base. The ventral spine is
istinct. The transverse process extends laterally and forward, with sharp anterior border, and the posterior
rder enlarged at the basal part to become an oval and concave articular surface for the sacrim.

. Since the last lumbar vertebra can not be properly articulated with the Lmd, it. is possible that an
ermediate lumbar vetebra may have existed. In this case, Juxia might have 6 lumbar vertebrae. If the

ncongruence between the Lm4 and the last lumbar vertebra is caused purely by compression, then Juzia may
have only 5 lumbar vertebrae.

2) Comparisen
According to Cope, Hyrachyus eximius has seven lumbar vertebrae. The bodies are very long, twice
onger than body height, all with ventral spines. The transverse processes are all very broad (in
anteroposterior direction) , extending anterolaterally, and the spinous processes are short, with their height
bout equal to the body length. Hyracodon nebraskensis, as Scott mentioned, may have only five lumbar
_i,er’tebrae, with short bodies and weak transverse processes. Trigonias osborni, according to Scott’s
description, may also have five lumbar vertebrae, with shorter transverse and spinous processes. Otherwise
the lumbar vertebrae of this form are close to those of Juxia. According to Borissiak, Allacerops turgaica has
oily three lumbar vertebrae, as in later rhinocerotids and living rhinos. The lumbar vertebrae of the living
f_hinos are readily distinguished from those of Juxia. The body is high, the zygapophysis facet is flat, similar
" w0 those in T’s, with small and low metapophysis, and short and backward inclined spinous process. The
" transverse process tapers rapidly toward 1ts lateral extremity, taking the form of a triangle.
Although different opinions exist as to the number of the Lm’s (three by Borissiak and Granger and
<~ Gregory), the large-sized paraceratheres may have four Lm’s as evidenced in the recently discovered material

" of Deunguriotherium turfanense (vide infra). The Lm’s in Juria and large-sized paraceratheres are alike in

" general morphology, in having low and broad bodies, ventral spines developed on the anterior ones, large
" zygapophysis facets, and thin, plate—liké transverse process extending directly outward. However, the
" zygapophysis facets in the large-sized paraceratheres are all flat, without changing into embracing apparatus.
Furthermore, the spinous processes in the latter group are comparatively low and thick (in transverse

direction), and all incline backward.

{6) Ribs

Altogether 13 ribs are preserved, only two of them are complete.
First rib (Pl. VIIT 4): The rib is well preserved. In proximal end the head and the tubercle are
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separated by a deep longitudinal groove. The head bears two about equally large facets. The tubercle i
slightly larger then the head. It forms a slightly elliptical surface extending in longitudinal direction, being
aligned with the shaft in a straight line. The shaft of the rib is flat and long and progressively broadened
toward the lower end. The distal end is rough, apparently caused by a costal cartilage. Its total length s
353 mm.

Intermediate feft rib (Fig. 18): The bead bears two facets of equal size, separated by a longituding|
groove, the anterior onc being convex and the posterior [let. Iosterolateral to it is the tubercle, facing
dorsomedially. External to it is a deep groove for ligament attachment. The neck of the rib is not clearly
marked off, with a deep groove in front for the attachment of ligament. The shaft is stout. The muscular
groove in the middle of the anterior border is deep and extends downward for a considerable distance, whijle
the groove in the middle of the posterior side fades out in the lower part (Fig. 18). Its length is 720 mm),
measured along the curviture. It is probably the fifth or the sixth rib.

It was reported by Cope that ell the ribs in Hyrachyus eximius were very slender, the first rib being
without particular widening in distal end. According to Scott, the anterior ribs in Hyracodon nebraskensis
were laterally flattened, and the posterior ribs were slender and rod-like. In primitive rhinocerotids only the
first five ribs are flattened laterally, the ribs posterior to the fifth one became rod-like. In later rhinocerotids
and living rhinos all the ribs became plate-like. The first nib of Paraceratherium asiaticum , according to
Borissiak (1923h), differs from that of Juxia in having very widened distal end and the tubercle coalesced
with the head. Further, in P. asiaticum most of the ribs except the most posterior ones have the cross
sections of the shaft longer than wide, with sharp anterior and posterior borders. In Juzia the cross sections

are wider than long, with concave anterior and posterior borders in the intermediate ribs.
{7) Forelimb

1) Scapuia (Pl. IX 1, Fig. 19, Tab. 10): It is roughly fan-shaped in outline, with its length slightly
larger than that of the humerus. Iis anterior, vertebral and upper half of the posterior margins form a rather
smooth curve. The scapular spine (Fig. 19 A 4) is well developed, starting from the neck and disappears until
close to the dorsal margin, with a very large spinal tuberosity (Fig. 19 A 1) slanting strongly backward and &
rudimentary acromion (Fig. 19 A's). The supraspinous and infraspinous fossae are about equal in size. The
glenoid cavity is oval in shape, concave strongly longitudinally, but weaker transversely. The scapular tuber
(Fig. 19 As) is well developed, semispherical in form, separated from the glenoid cavity by a deep groove;
the coracoid process is probably small, but wanting in the holotype skeleton.

The scapula of Hyrachyus eximius is very small, only 1/2 as long as that of Juzia, and differs from the
latter in morphology. It s generally triangular in shape, with very narrow neck, vertebral border being
straight, and the postero-vertebral corner forming a right angle. The scapular spine is low, without evident
spinal tuberosity and acromion, but the scapular tuber is prominent. {n general form the scapula of Hyracodon
nebraskensis is similar to that of Juxia in having curved vertebral margin and large spinal tubercsity, but
differs from the latter in being very long, with its length about twice greater than its breadch and the absence
of an acromion. The scapulae of the primitive rhinoceroses, such as Trigonias and Subhyracodon , are about
the same as that of Hyracodon nebraskensis. However, in later rhinocerotids and living rhinos the scapulae are
already quitc distinet {rom that of Juzia. They are proportionally longer, usually more than twice longer thati
wide, with very large spinal tuberosily and the clear separation of the scapular tuber from the glenoid cavity
by deep groove, but no acromion.

No complete scapula of the large-sized paraceratheres was ever reported. Two distal parts were described
by Gromova { Aralotherium prohorovi) and Borissiak ( Paraceratherium asiaticum ) respectively. Therefore,
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ﬂqe upper part of the scapula of large-sized paraceratheres is unknown. It is interesting to note hete that
(sromova noticed the presence of an’ rudimentary acromion in Aralotherium prohorovi, as in Juzia. The
presence of an acromion here is a quite unique feature among the whole group of perissodactyls. As can be
idged by these two specimens, the scapulae of the Oligocene paraceratheres are distinguished from that of
Juzia by the following. 1) The necks are narrow, widths of which are only about those of the glen,bid
bé_'vit,iés, while in Juxia the former is definitely larger than the latter. 2) The scapular tubers are much-larger
than in Juzia, situated low and not clearly separated from the glenoid cavities by a groove as in Juria : '. 3)
: ,.The spinal tubercsities are considerably reduced. The enormous spinal tubercsity restored by Granger and
" Gregory (1936, Fig. 37) seems to be groundless.

2) Humerus {Pls. IX 2, X 1; Fig. 20; Tab. 11): Both humeri of the holotype skeleton are well
pieserved, the upper half of the right one being slightly compressed anteroposteriorly. '

" The caput tilts backward, with its articular surface facing upward and backward. The curvature of the
icular surface in anteropostenor direction is strong, but very weak in transverse direction so that' the upper
margin of the caput becomes almost straight, seen from posterior side. The lateral tubercsity, is bifid; the
dnterior part is low and thin, furning medially to partly cover the bicipital groove; and the _pdsterior part is
large and voluminous, with its upper border higher than the caput. The medial tuberosity is smaller and not
‘_ id. The bicipital groove is rather wide, but shallow, with the intermediate ridge not clearly expressed, but
shifted laterally.

Seen from the front, the upper half of the shaft is wide, forming roughly a triangle pointing downward,
snd the distal end is narmower. The deltoid tuberosity is situated slightly above the middle of the shaft-on the
lateral side of the shaft. The humeral crest leading from the deltoid tuberosity to the posterior border of the
lateral tuberosity, accompanied by ancther fine nidge diverging slightly more backward. Slightly below the
middle of the posterior surface of the shalt is a nutrent foramen. On the medial side the teres tuberosity is
sitvated dightly lower than the level of the deltoid one.

: The distal trochlea is rather asymmetrical. The medial condyle takes the form of a truncated cone
thinning laterally, while the lateral condyle is narrower than the medial one and provided with a blunt ridge
running parasagittally, situated nearer (o the medial half of the condyle. The intercondylar sroove is situated
slightly lateral to the middle of the trochlea. The coronoid fossa is slightly bifid, and the olecranon fossa is
VEry deep. The lateral epicondyle is scarcely larger than the medial one.

.- The humerus of Hyrachyus eximius is particularly slender (Tzb. 11 ratio 3). Both the proximal and
distal ends are not particularly widened. Both proximal tuberosities are small, situated not higher than the
“taput, and the deltoid and teres tuberosities are scarcely developed. The distal trochlea is very narrow and
- ‘high, the lateral condyle being very small. The humerus of Triplopus cubitalis is similar to later rhinoceroses
i having high lateral tuberosity over the caput and the large deltoid tuberosity, but remains rather primitive

' 1n distal end. It differs from that of Juxia by having small epicondyles, the medial one being even larger than
the lateral one, very asymmetrical trochlea with deep intercondylar groove and sharp ridge on the lateral
: eondyle. Furthermore, it differs also by; having higher positioned deltoid tuberosity and more or less
“hernispherical caput. The humerus in Flyracodon nebraskensis remains slender, but is shorter than scapula. It
is similar to that of Juziz in structure of proximal end as a whole, but the caput is longer than wide, just
épposite to that of Juxia . The distal end is even more specialized. The trochlea is rather close to that in some
hprses: trochlea very parrow, high, and skew, condyles more symmetrical, both with sharp.ridges, and
Eit_eral condyle becoming concave lateral to the ridge, etc.

i Although the primitive rhinocerotids have already acquired the rhino-type humerus in general
morphology, as in Juzxia, obvious distinctions between them can readily be detected. The humerus in the
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former group has the proximal end thicker (anteroposteriorly) than wide, the caput of semispherical form,
the lateral tuberosity strongly bending medially to cover almost the whole bicipital groove, and the larerg)
condyle being much smaller than its medial counterpart. The humerus in later rhinocerctids is already
strikingly different from that of Juxia as follows. 1) The humerus is much mare stout absolutely and iy
“proportion. Width of its distal end may reach to about 1/3 of the toral length of humerus. 2) The capur is
semispherical in form. 3) The bicipital groove is shifred laterally, situated anterolateral to the caput, 4} The

" medial, lateral and delroid tuberosities are all very well developed, with the latter becoming hook-like. 5) The
lateral epicondyle becomes enormously enlarged. Both lateral condyle and epicondyle stretch slightly
downward. 6) The olecranon fossa is wide and low.

The humeri in Jarge-sized paraceratheres bear clear signs of graviportal adaptation. They are very stout in
general (Tab. 11), without marked thinning in the mid-shaft. The caput tilts backward only slightly so that
it is close to be in line with the axis of the shaft. The curvature of the caput is correspondingly weak in hoth
directions. The medial tuberosity is larger than the lateral one in contrast to the case as in Juxia and in all
other rhinoceroses. The deltoid tuberosity is scarcely developed. The relief of the distal trochlea is
considerably flattened, with the ridge on the lateral condyle rather indistinet. A stricking similarity between

Juzxia and the large-sized Oligocene paracertheres is the form of the caput, which is much wider than long.

3) Radius (Pl. XI 1, Fig. 21, Tab. 12): The right one is perfectly prescrved, but the [eft one is only
represented by its proximal end.

The bone is extremely long, longer than humerus, and sigmoid in anterior or posterior view. The
proximal articular surface is inversely symmetrical to the trochlea of the humerns, but much shorter in
anteroposterior direction. The surface faces upward and anteriorly, not perpéndicular to the shaft, but slopes
down anteriorly (Pl. XI 1¢). The sagittal ridge is high and blunt, and the lateral groove can be scen [rom the
anterior side (Pl. X1 la}. The medial and lateral proximal tuberosities are not well developed, represented
mainly by rugosities. The two facets articulating with ulna, situated on the posterior side of the proximal end,
connect each other at the middle. The medial one is small and forms a narrow strip, but the lateral one is
rather large and semilunar in shape, situated lower than the medial cne (Pl. XI 1b, Fig. 21 A).

The radial tuberosity takes the form of an elongated triangle, not strongly swollen, nor deeply excavated,
situated in the medial 2/3 of the proximal end of the anterior side. The rough arca on the lateral part of the
posterior side is very long (Pl. X1 1b i), apparently serving as attachment of the interosseous ligament.

On distal end there are three facets articulating with three proximal carpal bones (Fig. 21 D). Two large
ones articulate with scaphoid and lunar respectively. The scaphoid one is roughly rectangular in outline, with
its anterolateral part being concave, and its posterior hall strongly convex, extending to the posterior side,
forming a transversc half-cylinder. The lunar facet is roughly fan-shaped, with its lateral border directing
posteromedially. This facet is shallowly concave, and restricted mainly to the distal side. A small facet is
annexed to the anterolateral corner of the lunar facet, and is hardly separable from the later. The small facet
is undoubtedly articulated with the cunciform (Fig. 21 I 3). This can also be verified in the structure of the
cuneilorm. A small facet is present also at the distal part of the lateral side of the radius, which should be
articulated with the distal end of the ulna. Above the distal end of the dorsal side of the shaft a middle groove
bordered bilaterally by prominent ridges can be seen. which may extend upward for quite a long distance.
This groove is evidently the place lodging the m. extensor carpi radialis.

The radius in Flyrachyus evinius is similar 1o that of fauxia in its distal end articulating with three
proximal carpal bones, but differs in being shorter retative to bumerus. Just opposite to Fyrachyuy eximius,
the radius of Triplopus cubitalis is longer than humerus as in Juria {ceven proportionatly longer), but its
distal end articulates with only scaphoid and lunar, and rhe line separating the two {acets for the carpal bones

© 284 -




t directly anteroposterior, bur oblique in direction. Furthermore, the proximal articular surface is roughly
lar in outline, while that in Juzia is clearly trapezoid. In Hyracodon nebraskensis, the radius is about

Iy long as the humerus. In general morphology it is rather close to that of Trzplopus cubitalis , with the
jef of the proxlmal articular su:face even motre pronounced.

er, with its extremities particularly broadened. Maximum width is equal to, or more than, 1/4 ;Bf its
th. 2) The proximal articular surface is shallowly concave, in low relief, with its lateral half’ being
erably smaller than the medial half. 3) In distal end the facet articulating with lunar is smaller than that
ulating with scaphoid. 4) The posterior end of the facet articulating with scaphoid is narrow and ‘pdinted.
‘he anteromedial corner of the distal end is always more downward stretched, taking the form of a
ess. 6) The longitudinal groove on the dorsal side of the distal end is very weakly expressed.
The radius in large-sized paraceratheres differs from that of Juxia considerably. 1) It beé;)mes stouter
12). 2) The proximal articular surface is shallowly concave, in low relief, as n later true rhinoceroses.
,In distal end the facet articulating with cuneiform is large, running through the whole -léngth of the distal
end. 4) In some advanced forms (Aralotherium , Turpanotherium) special “hindering facets” are developed
anterior parts of the facets articulating with scaphoid and lunar.

4) Uma (Pls. X 2, XI 2; Fig. 22; Tab. 13): As the radii, the right ulna is perfectly preserved,
efeas of the left ulna only proximal part is preserved.
The ulna is extremely long, curved and torqued. The proximal end is the most robust part of the bone,
tlate-like, lateral side being convex, and medial side concave. The upper border of the olecanon extends
nly backward, only slightly upward, and its lower border starts 10 ¢m lower than the lower margin of the
ilunar notch and extends upward and posteriorly, forming an angle with the posterior border of the shaft.
The olecranon process is rather high vertically, with its posterior border convex. The semilunar notch is of
eofhmon rhino-type. N
The upper part of the shaft is curved anteriorly. The inward torsion of the distal end relative to the upper
part of the shaft is about 90°. The cross section of the upper part of the shaft forms a triangle with concaved
; eral sides, transforming into an anteroposteriorly elongated ellipse in the mid-lower part of the shaft. The
~ distal end bears a confluent facet articulating with cuneiform in front and pisiform behind (Fig. 22 B—C).
" On'medial side there is a small facet articulating with radius {Fig. 22 B ). .
“  As in the case of radii, the ulna in Hyrachyus eximius is shorter than humerus, that of Triplopus
- cubitalis is longer than humerus as in Juxia, and that of Hyracodon nebraskensis is only very slightly longer
: than hurnerns. However, the proximal ends of the uinae in all the above three forms are proportionally smaller
) and extend mainly upward. Scott (1896) mentioned that in Hyracodon nebraskensis the lateral part of the
; articular facet of the semilunar notch was 1imited to the upper half of the notch, a character not seen in
Juzxia .

* In later thinocerotids the ulnae are much stouter, no less stout than radii. The olecranon always extends
.. Tainly upward. The distal end in most cases artlculat% with only cuneiform and pisiform, but may also with
lunar,

- In large-sized paraceratheres the ulnae are very similar to that of Juzia in {eatures diagnostic of the
: latter, as the slenderness, the curvature and torsion of the shaft, the lowly situated and posteriorly directed
e _Oleeranon, and the éonfiguration of the articular facets on distal ends. However, the differences between them
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are obvious. 1) In large-sized paraceratheres the ulnae are proportionally stouter than in Juzia {Tab. 13). 2)
In the former the olecranon and the semnilunar notch are all much broader, with the curvature and relief of the
notch being weaker. 3) In the former there are two or three facets articulating with radius, lying in the dista]
end of the medial side of the ulna (one in Juxia). 4) In the former the lower border of the olecranon form 4
smooth curved line with the posterior border of the shaft, instead of being angled as in Juzia .

5) Carpals: Of the carpal bones no trapezium, trapezoid, magnum and pisiform are preserved.

Scaphoid (Pl. XI 3, Tab. 14): Altogether five specimens are in the collection. The bone is irregularly
cubic in form, with its distolateral angle on dorsal side being the most protruding part of the bone. It is longer
{APD) than high, which is greater than width. The proximal articular facet is rectangular in outline, convex
in anterior part, but concave posteriorly. The distal end is composed of three facets articulating successively
with magnum, trapezoid and trapezium. That for the magnum is the largest, triangular in form, and saddle.
shaped; that for the trapezoid is also saddle-shaped; and that for the trapezium is a very small and rounded in
form, facing posteriotly. On lateral side of the bone there are two facets articulating with the lunar. The
upper one forms a horizontal strip, while the fower one is semilunar in form, shorter than the upper one.

There is little information about the scapheid in the most primitive rhinocerotoids. [t is reported that the
scaphoid in Hyradhyus eximius is very high and narrow, about twice higher than wide (one and a haff in
Juxia, vide Tab. 14), while in Triplopus cubitalis it was suggested by Cope to be wider than high, and in
Hyracadon nebraskensis the distal facet articulating with the magnum is situated very low, that for the
trapezoid is strongly concave, and that for the trapezium faces principally downward. In these features the
most primitive rhinocerotoids are all different from Juzia.

The scaphoids in primitive rhinocerotids are already close to those in later rthinoeerotids and living rhinos
in morphology, expressed in the following points: 1) The proximal articular facets are pentagonal, or
triangular in outline. 2) The distolateral angle of the scaphoid is far more protruding downward and laterally,
occupying almost the whole proximal surface of the magnum. 3) The facer articulating with the trapezoid is
situated more medially relative to that for the magnum. 4) The facet arriculating with the trapezium faces
mainly downward.

The scaphoids in later rhinocerctids and living rhinos are more specialized in the above mentioned
characters. 1) The lower half of the scaphoid is much broader than the upper part of the bone. 2) The
proximal articular facet is pentagonal in outline and strongly concave with a large portion of the anterior part of
the facet being convex. 3) There is a distinct torsion between the proximal and distal {acets. All the distal
facets are strongly saddle-shaped. 4) The upper and lower facets articulating with the lunar on the lateral side
of the bone are almost diagonally positioned owing to the torsion between the upper and lower surfaces.

The similarity between the scaphoids of Paraceratherium asiaticum and Juxia in general morphology is
striking (Borissiak, 1923b, Pl. 5—6). However, there are some differences between them as shown in the
following. 1) In P. asiaticum the scaphoid is about equally high and wide, seen from dorsal side. 2) The
upper facet articulating with the lunar is very long, with its posterior end turning downward (Borissiak,
1923h, Pl. VII 6¢). 3) The most protr.uding portion of the posterior border is situated in the lower 2/3 (in
upper 2/3 in Juwia).

The scaphoid of Aralotherium prohorouvi as described by Grarmiova is characterized by the bone being low
and broad. with very long distolateral process, the {lattened articular facets in general and the presence of a
“hindering facet” in the anterior part of the proximal facet. Similar “hindering facet” is also present in
Turpanotherium .

Lunar (Pis. XII 1, XIIl 3; Tab. 15): A complete right [unar and a damaged left one are preserved.
The anterior part of the proximal facet is strongly convex anteroposteriorly, [orming a stout transverse half-
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ylinder. A large part of this facet turns onto the anterior side of the bone (PL. XII 1a). Its posterior half is
ort and narrow, restricted to the medial half of the proximal side. On each of the medial and lateral sides of
é bone two small facets are present, forms of which conform to those in scaphoid and cuneiform
spectively. The distal end of the hone bears two facets. The medial facet articulating with the magnum is
HArTOW anteriorly, but much widened posteriorly. Its anterior part is flat, facing more medially than
?y;\inward; while the posterior part is spherically concave mainly to receive the spherical caput of‘;“ the
agnum. Seen from dorsal side, the insertion of the distal end of the lunar between the magtmm and unciform
“strongly asymmetrical so that the lunar rests almost totally on unciform (P1. XIH 3). The volar process is
-father voluminous, but is not clearly differentiated and dernarcated from the other part of the hone (PI XiI

It is difficult to tell the differences of the lunar of Juxia from those of the most primitive rhinoéerotoids
use of the lack of adequate deseription of the latter. However, the published figures seem to suggest that
Hyrachyus eximius the insertion of the lunar between the magnum and unciform is rather symmetrical.

he extension of the proximal articular facet onto the dorsal side of the lunar as shown in Juzia has never

heen found in the latter group. Comparison of the lunars between Juzia and the prinﬁtive;rhinocerotids is
icult, partly because of the paucity of information of the latter group. In later rhino_cefotids and living
1inos the proximal articular facets are mainly restricted to the anterior halves of the bones, and the hook-like
jsr process is very well differentiated, very long and robust. By this feature the true rhinoceroses can be
easl.ly separated from Juria .

% Lunars of the large-sized paraceratheres are generally quite similar to that of Juzria, especnally in
portion and form of the articular facets. Nevertheless, the lunars in the former group differ from that of
¢ latter in a number of features. 1) The lunars are always lower in proportion (Tab. 15), with ceary
fferentiated volar process. 2) A narrow strip of flat area develops near the anterior border of the proximal
éet. In more advanced forms, like Aralotherium prohoroui, this area changes into a “hindering facet”.
‘The proximal articular facet is convex in hoth directions, and in Aralotherium prohoroui it changes into a
‘ge hemisphere. 4) The upper facet on the medial side articulating with scaphoid is separated into an
erior and: a posterior ones, the posterior one of which is situated lower, on the volar process. 5) The
sértion of the distal angle betlwee;l' the magnum and unciform is more or less symmetrical.

-+ Cuneiform (Pls. XII 2, XIII 3; Tab. 16): There is only one specimen with its anteromedial comer

“#+ The hone is about equally hlgh and long (APD)}, but higher than wide. Seen from above, the medial
'edge forms an obtuse angle at the middle with almost rectilinear anterior and posterior sides; while the lateral
;_:.—and posterior edges form an arc. The proximal end bears three facets articulating with radius, ulna and
' DISLform respectively. That for the ulna is the main facet, fan-shpaed, slightly saddie-shaped (concave
' longitudinally and convex transversely), while those for the radius and pisiform are narrow fan-shaped, of
about equal size and connected with each other at the middle of the medial side. The facets articulating with
: ‘_‘t'he lunar on medial side conforms to those of lunar. The distal end bears only one facet articulating with
Uriciform. It is roughly triangular in outline, slightly saddle-shaped.

57 The cuneiform of Hyrachyus eximius is unique in being L-formed, seen from the dorsolateral side. It is
about equally high and wide, and does not articulate with the radius. In Triplopus cubitalis the articulation
; _With the radius is also absent, and the facet articulating with the pisiform is confluent with the main proximal
facet articulating with the ulna. Neither Hyracodon nebraskensis has a facet articulating with radius. Judging
£l‘om the short description and figures given by Scott, the cuneiforms of primitive rhinocerotids are already
: tlose to those of fater rhinocerotids and living thinos in general structure. Their cuneiforms are shorter {APD)
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than high and wide, with the articular facets being strongly saddle-shaped. Correspondingly, the two facets
articulating with the lunar on medial side of the bone are also short. The facet articulating with the pisiform i
shifted laterally, located at the posterolateral corner of the bone.

In large-sized paraceratheres the cuneiforms are close to that of Juzia in having three fan-shaped
proximal facets, of which the two facets articulating with radius and pisiform being about symmetrically
situated, and the facets articulating with ulna and unciform being only weakly saddle-shaped. However,
cuneiforms in large-sized paraceratheres differ from that of Juxia in being always lower than long (APD) and
the proximal facet articulating with the radius is considerably enlarged. Furthermore, in Paraceratheriuym
astaticum the proximal facets articulating with radius and pisiform are scparatéd from each other, and there is
a tiny facet articulating with McV posterior to the distal facet articulating with the unciform. [n
Aralotherium prohorouvi the cuneiform is even lower and narrower than in P. asiaticum, and the anterior
- portion of the distal articular facet changes into 2 “hindering facet”. However, in A. rohorovi the proximal
facets articulating with radius and pisiform are connected as in Juxia.

Unciform (Pl. X113 -4, Tab. 17): There are three specimens, only one of them are well preserved,
but also slightly damaged. ,

Seen from the front, the bone is rhombic in shape, higher than wide, with its upper two edges being
shorter and slightly concave, and its two lower edges being longer and confluent at their lower ends. The
proximal end bears two facets articulating with lunar and cuneiform. Both they are fan-shaped and slightly
saddle-shaped, the latcral one being slightly larger. The medial and distal sides of the bone from a continuous
curved surface cecupied by four facets articulating with magnum, MclIl— McV respectively (Pl. XI14). The
medial one is that for the magnum, forms an acutc angle with the proximal facet articulating with the lunar.
The facet next to the magnum one is the narrowest one articulating with the smaller of the two proximal facets
of the McIII. The facct articulating with the MclV may be the largest one, and that {or the McV is the most
lateral one, which may extends postriorly onto the volar process (Pl. XIT 4) . The volar process is robust, but
not very elongated, extending laterally and downward.

The poor information of the unciforms of primitive rhinoceroloids only allows us to make the following
points. The unciform in Hyrachyus eximius is wider than high (Tab. 17). The uncilorm in Triplopus
cubitalis is about equally high and wide, with very narrow and long volar process, turning sharply downward,
and bears a very small facet articulating with MeV, which must be very much reduced. The unciform i
Hyracodon nebraskensis is very close to that of Triplopus cubiralis in morphology. The unciform in
Allacerops turgaica is more similar to that of fuxia, but differs from the latter in having a very large facet
articulating with the magnum and a slender and long volar process.

The unciforms in primitive rhinocerotids, like Trigonias osborni and Subhyracodon occidentalis , differ
from that of Juzxia in being wider than high, with 2 higher situated facet articulating with McV. In later
rhinocerotids and living rhinos, excroplified by Coelodonta antiguitatis and Rhinoceros wnicornis, the
unciforms are always wider than high, with all the articular facets being very wide, the facet for McV being
restricted to the anterior hall of the lateral side of the bone, and a very large volar process.

The uncilorms in large-sized paracerathercs dre very specialized and diffor from that of Juria markedly.
Generally, they are wide and flattencd, wider than high, especially when seen from the anterolateral side,
and take the form of an irregular rectangle rather than a rhombus. The lower border is nearly horizontal , the
medial and lower borders forming an arc bearing three facets articulating with magnum, Meclll - IV. The
facet articulating with McV is not only much smaller, but also shifted entircly on the volar side of the bone.
The volar process s small, weakly stretches posteriorly and downward, but is already well differentiated from
the rest part of the bone. The unciform in Arafotherium prohorovi , comparcd with that of Puraceratherium
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iaticum , is even narrower transversely, and the facet articudating with McV is absent in 2 of 7 specimens.

6) Metacarpals: Of the metacarpals no Mecll and McV are preserved.
MecHI (Pl. XIII2- 3) The McIII is represented in the collection only by a left one without dlstal end
2891 .2).
'_l‘he proximal end bears two facets: the larger medial one articulating with magnum, with its dorsal
bor er being clearly curved and slanting medially; the smaller one articulating with unciform, il
oéiﬁéidembly large, with its dorsal border more or less straight and slanting more steeply laterally. Ther"angle
ormed by the above two facets is about 90°. Seen from above (Pl. XIII 2b), the mediz] facet is tmpejoid in
tline, with its posterior border being only slightly shorter and irregularly curved. The surface is "é';addle—
%ﬁf}ed, strongly convex anteroposteriotly, but weakly in transverse direction. The lateral facet is triangular
outline, situated only in the anterior 2{3 of the proximal end, slightly convex anteroposteriorly and flat
ansversely. The shaft js straight, with a considerably large, roughened bulge on the medial half of the
ximal end on dorsal side below the facet articulating with magnum. The cross section of the shaft in the
per end js roughly triangular. Shghtly downward, two ridges appear bilaterally on medial and lateral
ders of the posterior side. The ridges become wider and wider separated from each other downward,
ing the posterior side of the shaft broader. All the posterior, medial and lateral surface of the shaft are
father flat. The lateral ridge is stronger than the medial one. In distal helf the cross ‘section of the shaft
becomes more or less oval in shape. Max W of PE is 49.6 mm, Max APD of PE is 46. 1 mm; W of mid-shaft
0 mm, APD of mid- shaft is 22.6 mm.
" No distal end of MclIl is known in Hyrachyus eximius. The only chserved distinguishing character of
_B'is form from Juzia may be the less degree of widening of the proximal end of McIII relative to its shaft and
less degree of overlapping of the McIll over the McIV. The MecllIl in Triplopus cubitalis is particularly
ng, its total length being about 8. 5 times greater than its proximal width (~ 5. 5 times in Juzia ).
Otherwise, it is close to that of Hyrachyus eximius. In proportion the Mclll of Hyracodon nebraskensis is
hout the sare as in Juzia . However, the dorsal and volar surfaces of the shaft in this form are nearly {lat,
nd the medial and lateral surfaces are rounded. ‘
" All the rhinocerotids have proportionally shorter Mclll, with both proximal and distal ends considerably
widened. In Trigonias oshorni the Iéngth of MclIIl is only 3.7 times greater than its proximal width. In later
Hinocerotids and living rhinos the volar process of the proximal end possesses a prominent facet articulating
w1th MclV. This process is absent in Juxia .
-7 In large-sized paraceratheres the McllIl is close to that of Juzia in having a triangular proximal end
without laterally stretching volar process, and flat posterior, medial and lateral sides in the upper half of the
== shaft. However, in the former group the McllI is much more robust, with its length being only about three
tlmes greater than widths of its two ends. The proximal facets are flatter, with the lateral facet articulating
-+ with unciform is much narrower (seen from the front) and trapezoid in outline followed by a deep notch (seen
w {fom above) . _
. MeIV (Pl. XIII 1, 2a; Tab. 18): A complete right McIV is preserved in the holotype (Pl. XIII 1),
" while a left one (V 2891.1) is represented only by its upper half (Pl. XIII 2a).
- McIV is much slenderer than MelII, with its.distal end diverging laterzslly and tuming slightly
- clockwise. The proximal end bears & single facet articulating with unciform, the facet being narrow and long,
: tiiangular in outline, slightly saddle-shaped, weakly convex anteroposteriorly, and very weakly concave
: transversely. On proximal end of the medial side there are two small and flat facets articulating with MelII,
directly bordered with the proximal f{acet. The posterior one is larger, pocket-shaped, facing medially, while
" the anterior one is smaller, facing medially and upward (P XIII 1b). On proximal end of the lateral side
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thereis only one small facet articulating with McV {((PL XIII la mev). It is bean-shaped, extending
posteriorly and slightly downward. Below this facet is a long deep groove, extending to the middle of the
shaft, and bordered by prominent and roughcned ridges bilaterally (Pl. XIII 1a «). The cross section of the
shaft is triangular in outline, with that of the lower part clockwise turned relative to the upper part of the
shaft. The distal articular trochlea is elongated in anteroposterior direction, with its middle ridge occupying
the posterior 2/3 of the facet, and the anterior 1/3 of the facet being hemispherical. The ridge is bordered by
a pair of grooves deepening posteriorly, especially the lateral groove. A pair of deep [ossae are present on both
medial and lateral sides of the distal end, and above the {ossae are a pair of tuberosities. Both fossae and
tuberosities serve as the places for attachment of collateral ligaments of the fetlock joint.

In Hyrachyus eximius the proximal end of the MeIV is higher at the lateral border than at the medial
border, and the facet in general is at the same level as that of the Mclll. As the Meclll, the MelV of
Triplopus cubitalis is also proportionally longer than that in Juxia , and its distal end presses close to MelIl

- without divergence from it. The middle ridge of the distal trochlea is short, restrieted in the posterior half of

the facet, thus invisible from front. Although in proportion the MclV of Hyracodon nebraskensis is close to
that of Juzia, the morphology of the distal half of the bone is rather close to that of Triplopus than to
Juzia .

In all the rhinocerotids the McIV is less reduced relative to the Melll than in Juxiz . It is proportionally
shorter and broader, with the proximal facet articulating with the McV becoming reduced, and the middle
ridge of the distal trochlea becoming shorter, restricted to the posterior half of the trochlea, bordered by
shallow grooves bilaterally. These fecatures can be seen even in the carliest ( Teletaceras radinskyi) and early
forms of rhinocerotids ( Trigonias osborni, Subhyracodon occidentalis).

In large-sized paraceratheres the MclV is more reduced relative to Mclll than in Juxia , with its Max W
being less than 1/2 of that of Meclll ( >1/2 in Juxia ). Its proximal articular facet becomes concave in both

" directions rather than saddle-shaped, its articulation with the Melll is only by an anterior facet, and the facet

articulating with the McV becoming shifted on wolar side, or completely lost.

7) Reconstruction of carpal and metacarpal parts (Pl. XIII 3, Fig. 23): The Plate XIII 3 is the
reconstructed carpal and metacarpal bones of Juxia sharamurenensis in their dorsal view ( pisiform and
trapezoid can not be seen) based on available material. The reconstructed parts are marked by the letter x.
Although invisible in reconstruction, the general form of the pisiform and trapezium can partly be deduced
based on the neighboring bones. The pisiform must be considerably large judging by the large facets on ulna
and cuneiform, while the trapezium should be quite small and shifted on the volar side based on the small facet
on the volar side of the scaphoid.

A few words should be said shout the McV of Juzia. While studying the McIV of Teletaceras
radinskyi, Hanson (1989) pointed out that the presence or absence of a McV could be deduced from the
morphology of the proximal end of the MclV. According to him, if the proximal end of MelV is higher at
lateral side than at medizal side, no McV should be present, or vice versa. Qur comparative study of the McIV
and unciforms in tetradactyl Plesiaceratherium gracile and tridactyl living form ( Rhinoceros unicornis)
does not substantiate Hanson's hypothesis. In Plesiaceratherium gracile the facets articulating with McV on
both unciform and McIV are very wide (but restricted in anterior halves of these bones), and on the lateral
side of the McIV below the proximal facet {or the McV is a long groove bordered by prominent ridges
bilaterally. These are the signs of the contact of the MclV with the rather long McV (Fig. 23 A—B). On the
other hand, in Rhinoceros unicornis both the facets articulating with the McV are highly reduced, and there
is no long groove below the proximal {acet articulating with the McV on the lateral side of the McIV (Fig. 23
E-F). In both characters, the large size of the facets on MclV and the unciform and the presence of the
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groove and ridges on MeIV, Juxia is close to those of the tetradacty! rhinoceros (Fig. 23 C—D). Therefore,
;__:jmia should have z fully developed McV, though the smallest among the metacarpals. This tends to show
that the orientation of the proximal facet of McIV seems irrelevant to the presence or absence of the McV.
The carpal and metacarpal bones of Juzria sharamurenensis can thus be characterized as follows: Both
carpus énd metacarpus are very high. Taken as a whole, the carpal bones form a rectangle in dorsal view, .but
almost each bone, with the exception of pisiform and probably trapezium, is higher than wide. The trapezium
‘is shifted backward to the volar side of the carpus. The distolateral process of the scaphoid is not strongly
“protruded. The distal end of the lunar is asymmetrical, mainly resting on the unciform. The ulnar.eiements of
»." the carpus, cuneiform and unciform, are narrow and high. The proximal and distal rows of the carpal bones
re deeply interlocking between themselves. The metacarpus is tetradactyl. Meclll serves as the axis relative to
cIl and McIV, with a wide facet articulating with unciform, the narrowest part being situated iminediately
elow the proximal end. Mell and MeIV are slender relative to McIll, with their distal ends diverging from
e Melll. The proximal end of Mcll is situated much higher than that of McIIl, which overlaps; the McIV
:_:‘gonsiderably. McV is the smallest and shortest among the metacarpals, but still quite tong, probébly longer
- than half length of MclV and with phalanges of its own. By theses characters Juzia is readily’ distinguished

from any other rhinoceroses.

8) Phalanges

It is difficult to separate the phalanges of the anterior imb (lingers) from those of the posterior limb
{toes), except for the first phalanges; neither the phalanges of the second finger or toe from those of fourth
{inger, except those of the fourth toe, which are the largest among the lateral phalanges. All the phalanges

re dealt with here together, irrespective of whether they belong to fingers or toes.
PhI of middle digit (Pl. XIV 1—2, Tabs. 19-20): V 2891.7 is tentatively assigned to Phl of middle
inget, while V 2891 to Phl of middle toe. Based on the assumption that the medial half is stouter than the
lateral half in the phalanges of the middle digit, V 2891.7 is considered here as a left Phl, while V 2891 is a
ight one. ‘ .
The proximal end of the Phl of middle toe (V 2891) is much thicker (APD) than its distal end (Pl. XIV

a). The proximal articular facet (Pl. XIV 2b) is oval in outline, with a shallow indent at the middle of the
lar side. The surface is cont:avé\deeply loogitudinally, but weakly transversely, with the sagittal groove
teaching almost to the dorsal margin. The distal articular facet (Pl. XIV 2¢) is not perpendicular to the long
xis of the phalanx, but faces downward and posteriorly. Its dorsal border is more or less straight, but its
= volar border concave. It is weakly separated into two convex parts by a shallow and wide sagittal depression.
On dorsal side of the phalanx a V-shaped roughened prominence (Pl. XIV 1b v) is situated slightly above the
middle of the phalanx. Below it is a large depression (Pl. XIV 1b 4). Immediately above the distal end and
“'below the above depression a smooth band (Pl. XIV 1b £) can be observed, which was termed by Gromova
“*(1959) as a “pseudo-articular facet.” An elongated groove is present on each of the medial and lateral sides
slightly above the distal end of the phalanx, and above the fossa is a weakly prominent rough area of irregular
.'fOrm, hoth of which are for the insertion of collateral ligaments of pastern joint. On the volar side of the
: phalanx , immediately below the middle indent is a shallow concavity bordered below by a V-shaped rugose
idge (Pl. XIV la ), where ligamenta sesamoidea cruciata are attached (Camp and Smith, 1942) . Bilateral
.to this V-shaped ridge is a pair of tuberosities called proximal prominences by Camp and Smith in 1942 (Pl.
XIV 1a ). However, no V-scar so characteristic in advanced equids is developed. A pair of large depressions
present on both sides slightly ahove the distal end of the phalanx. This depression is composed of two parts:
he upper one is larger and deeper, making the lateral border of the phalanx laterally bulging; and the lower is
“smaller and shallower, situated immediately above the distal articular facet (Pl. XIV 1a1-2).
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The Phl of the middle finger as defined by us (V 2891. 7) differs from that of the toe in having a
rounded and roughened area instead of a V-shaped ridge on dorsal side, a shallower depression below this
roughened area and less clearly expressed “pseudo-articular facet” at the distal end of the anterior side of the
phalanx.

Except for that of Triplopus cubitalis, the Phl of middle finger of Juxia sharamurenensis is the maost
slender one among all the rhinocerotoids so far known, including Hyracodon nebraskensis. In Hyrachyus
exitnius the Phl of middle toe is known. Its HW ratio is 113.6%, close to that of Juxia (118.9%), but
smaller than that of Triplopus cubitalis (125% ). In all other rhinocerotoids so far known the H/W ratios of
PhI of middle fingers or toes are less than 100%, i. e., wider than high (Tab. 20). In Hyracedon
* nebraskensis it is 90% . The deep sagittal groove of the proximal articular facet of Phl in Juzia is also unique
among the rhinccerotoids where this groove remains markedly shallow and short.

The Phl in large-sized paraceratheres is so flattened that it becomes dish-like. The distincrion between it
and that of Juzia is so obvious that further comparison is unnecessary.

PhII of middle digi¢ (Pl. XIV 1, 3; Tabs. 19 —20}: There are altogether four specimens, three of
which are complete. :

The bone is short and wide. It is about half the height of the Phl. The proximal articular facet (PL. XIV
3b) is inversely corresponding to the distal articular facet of the Phl, with a middle longitudinal ridge and
hilaterally situated depressions. Seen from lateral side, the proximal surface forms an ~—70° angle with the
axis of the PhIT. The distal articular facet (Pl. XIV 3c} is large and trapezoid in outline, with its volar side
being wider than its dorsal one. The surface is convex longitudinally, with a sagittal depression. A
considerable part of the surface turms onto the volar side of the bone, so that, seen from lateral side, the distal
end of the bone forms a semicircle. The dorsal surface of the bone is rather flat, with an upward bulge at the
middle of the proximal border. On volar side, immediately below the proximal facet the bone is bulged and
roughened (Pl. XIV la), being the place for attachment of the ligamentum sesamoideurn rectumn through the
fibrocartilaginous plate (Camp and Smith, 1942). On distal cnd of the volar side a pair of small facets is
formed (Pl. XIV la x}, joining the back part of the distal articular facet. On proximal part of the lateral side
there is a roughenend area for attachment of the ligamenta collateralia of pastern and M. flexor digitalis
superficialis (P1. XIV 3a).

In all the other rhinocerotoids the Phll of middle finger or toe is wider than long as in Juxia. The Phll
in Hyrachyus, Triplopus and Hyracadon arc proportionally higher (Tab. 20). The sagittal bulge on the
proximal border of the Phll so clearly expressed in Juzia may be a distinctive character differing from the
other members of the rhinoceroroids. As the Phl, the dish-like Phll in large sized paraceratheres is so peculiar
that a comparison with it seems supet{luous.

PhIII of middle digit (Pl. XIV 1, 4; Fig. 24; Tabs. 19-20): There are only two specimens, one of
which is complere.

The bone roughly takes the form of a trowel, broader than high, with its dorsal surface being convex,
and volar surface roughly flat. The proxinial articular facet is bean-shaped in outline, with its relief inversely
corresponding to that of the distal end of PhIl. The facet is perpendicular to the vertical axis of the bone. On
its volar border there is a narrow strip of smooth area (Pl. XIV 4 y), where the distal sesamoid bone is to be
placed. Its anterior border is weakly convex, without forming a clear extensor process. On dorsal side, below
the proximal end, there is a clear depression (Pl. XIV 1b ), serving apparently as the place for attachment of
the m. extensor digitalis communis. The dorsal surface, especially its lower half, is covered by numerous
irregular grooves radiating distally. The distal margin is thin, forming an irregularly serrated arcuated ridge -
with a deep and wide sagittal notch. The angles (anguli soleae) are bifid, separated by an intermediate notch.
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The proximal angle is wider longitudinally (Fig. 24 A 3), but shorter than the distal one, which is pointed at
the end (Fig. 24 A—B9). The intermediate notch extends mesially, forming the weakly expressed dorsal
suleus (Fig. 24 A 2). At both ends of the sulcus a foramen can be seen. On volar side, the paired volar
oramina are present under the two extremities of the proximal articular facet (Fig. 24 B 6). The semilunar
erest is weak (Fig. 24 B ), but the sagittal prominence of the flexor surface is not clearly shown. Neither the
volar sulcus (Fig. 24 B 5) linking the volar foramen nor the intermediate notch is clearly represented. . :

" In most forms of the Hyrachyinae and Hyracodontinae, the PhIII of middie digit is higher than wide, or,
at most, equally high and wide (in Hyrachyus eximius). In morphology they are also different from that of
Juzia. In Hyrachyus eximius the distal margin of the PhIII is angled in shape, without sagittal notch on
distal edge, and the dorsal sulcus and {oramina are not developed at all. In Triplopus cubitalis the PhIIT has
4 sagittal notch, but the PhIII is the longest among the rhinocerotoids. Its height is 2. 5 times greater than
width. In primitive rhinocerotids the PhIII is similar to that of Juzia in shape and H/W ratio,” but with
evidently little developed sagittal notch. In later rhinocerotids and living rhinos the PhIIT of middle digit is
sharply distinguished from that of Juxia in size, form and proportion. It is very much broadened and low,
Wwith its anguli soleae undivided, turning upward and backward, but without sagittal notch on distal margin.
In large-sized paraceratheres the PhIII is not anly very wide and [ow, but very thick (APD) . Fts width is
twice greater than height, which is about equal to thickness. Furthermore, there is a large and clear proximal
prominence, but no distal _sagittal notch, or the notch transformed into a wide concave curve. The proximal
angle is scarcely developed, while the distal angle (sole angle) is usually very long.

Altogether fifteen phalanges of lateral digits are preserved in the IVPP collection. Since these bones are
ess diagnostic than those of middle digits, they will be briefly described below, without trying to find out
which finger or toe they helong.

Phi of laterat digits (Pl. XIV 5—6; Tabs. 21, 23): Altogether there are seven specimens. The bone
takes the form of an asymmetrical prism, with its mesial side being slightly shorter. Its proximal facet (Pl
X1V 6a) is perpendicular to the anterior border of the phalanx. The facet is spherically concave, with a middle
longitudinal groove reaching scarcely to the dorsal margin and ending at the volar margin by a shallow notch.
The distal facet (Pl. XIV 6d) is not perpendicular to the shaft, facing downward and posteriorly. It is
- irregularly saddle-shaped, slightly ‘concave fransversely and convex longitudinally. At the lower end ‘of the
* dorsal side a smooth “pseudo-articular facet” is formed (Pl. XIV 5a£). At the proximal end of the volar side
a pair of prominent tuberosities are developed bilaterally. The fossae on the distal ends of both the mesial and
¢ lateral sides are very deep. The scars for the attachment of the tendon of flexor muscles are 10cated
- irmmediately above the distal margin of the phalanx.

Phil of lateral digits (Pl. XIV 5, 7, 9; Tabs. 21, 23): Altogether six specimens are found. They are
cubic in form. The extensor process is well developed at the proximal end of dorsal side. The distal facet is
I large, trochlear in shape: strongly convex longitudinally with a deep middle groove. The volar border of the
. distal facet is considerably‘ higher than its dorsal one. A “pseudo-facet” is developed at the distal end of the

. dorsal side. The fossae at the distal ends of the mesial and lateral sides are as in PhlI, very deep.

PhIII of lateral digits (Pl. XIV 5, 8, 9; Tabs. 22 —23); Altogether two PhIIl’s are preserved. The
bone is asymmetrical. Tts proximal facet inversely corresponds to the distal one of the PhII, but with a
rhomboid facet where distal sesamoid is to be placed. The extensor process at the middle of the dorsal border
of the proximal facet is prominent. A triangular depression is present below the extensor process. The dorsal
surface is covered with longitudinal {ine grooves and foramina. The dorsal suleus is short and ended with
foramina. The middle notch at the distal margin is very deep, almost reaching to the depression below the

extensor process. The sole angle on the mesial side is highly reduced, but the lateral angle is subdivided. The
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proximal part is scarcely developed, but the distal one is long and pointed. The volar surface is more convex
than in the PhIli of middle digit, with a pair of clearly shown volar foramina.

All the phalanges of lateral digits of rhinocerotoids, including Juzia, are quite similar in morphology.
They differ from each other mainly in size and proportion (Tab. 23). Generally speaking, the phalanges of
lateral digits in Hyrachyinae and IHyracodontinae are smaller and more slender. In rhinocerotids these
phalanges are generally lower and more rohust.

The differences of these phalanges between Juxia and large-sized paraceratheres seem to be more obvious
than those between Juxia and other rhinocerotoids. The cross section of the Phl of lateral digit in large-sized
paraceratheres is triangular instead of rectangular as in Juzia . Its distal surface is so strongly slanting thet it
forms a continuous line with the volar side of the bone, seen laterally. All the articular facets of the phalanges
are weakly concave or convex. The sole angle on mesial side is well developed, and the angle on lateral side is

" particularly long.
{8) Hindlimb

1) Innominate bones (Pl XV 1, Tab. 24): The pair of the innominate bones are tightly coalesced and
well preserved in the holotype. The bones, especially their anterior parts (ilia}, were subjected to vertical
compression, and therefore appear to be somewhat flattened.

The wing of ilium s roughly fan-shaped and the body is trihedral. The greater sciatic notch {the mesial
border of the wing and body) is very deep, with a swelling in the middle, representing the upper end of the
auricular surface on the mesial side of the wing. The crest of ilium (anterosuperior border of the wing) is
nearly straight, only slightly concave near the sacral tuber. The lateral border of the wing and body is also
deeply eoneave. The sacral tuberesity is broad, thickened, with rough dorsal surface. The coxal tuberosity is
very large and long, about half as long as the ilium crest, with its lateral surface being roughened, forming an
angle of about 120" with the ilium crest. An additional tubercle is formed on its posteroventral side. The
external or gluteal surface is smooth and slightly eoncave, with the gluteal line (Pl. XV 1 g) being indistinct
and situated more laterally. The internal or pelvic surface is convex, with a large and very rough auricular
suriace on its lower part. The body of ilium is short and broad, with its cross section being wider than thick.
The psoas tubercle is located in the middle of the body. The two scars for the tendon of the m. rectus femoris
{of the m. quadriceps femoris) are located close to the dorsal side of the acetabulum.

The body of ischium is irregularly quadrangular in shape, longer than wide, and its anterior border being
the posterior border of the obturator foramen. The lateral border of the body is thick and slightly concave; the
mesial side is thin and connected with its counterpart in their anterior halves. The posterior halves of the two
bodies diverge apart, forming a wide and deep ischiadic arch. The pelvie surface slopes strongly toward the
symphysis, probably due partly to compression. The anterior part of the ischiadic spine is sharp-edged,
followed by a deep notch (Pl. XV 1 «), then becoming blunt.

The transverse part of the pubis is columnar, roughened on its anterior side, but becoming thin on its
posterior border to form the obturator foremen. The pectineal eminence (eminentia iliopectinea) is present,
but vnimportant. The pelvic surface is {lat or even slightly concave in posterior part. The ventral surface is
convex in sagittal part.

The acetabulum is rather anteriorly situated so that the anterior rim of the pubis is located behind the
anterior border of the acetabulum (Pl. XV 1}. The acctabulum is a hemispherical cavity. The acetabular
noteh is narrow, almost closed at the border of the acetabulum. The obturator foramen is elliptical in form,
nearly twice as long as wide. The long axis runs nearly in anteroposterior direetion.

In general morphology the ilium of Hyrachyus eximius is very close to that of Juzia. However, it differs
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rom the latter in being longer so that the acetabulum is situated in the posterior part of the innominate bone
instead of being at about the middle of this bone as in Juxia. The ilium of Hyrachyus eximius is rather
triradiate. The sacral and coxal tuberosities are supported each by a “handle,” and the crest of ilium is concave
rather than straight. The innominate bone of Hyracodon nebraskensis is poorly known. Accordmg to Scott
(1986, the body of ilium may be longer and the cbturator foramen larger than in Juzia . _

-+ The innominate bones in some primitive rhinocerotids, such as Trigonias oshorni, are readlly
dlstmguashed from that of Juxia. The wing of ilium in these forms is much widened, with its crest being
convex. Furthermore, as can be judged from the figures (Scott, 1941, Pl. LXXXIII 8), the ischia do not
ﬁnite with each other in ventral parts at all, and the pubis symphysis forms a ridge on ventral side’and a
tubercle on anterior border. Some other primitive rhinocerotids, such as Subhyracodon occidentalis, may
héire their innotminate bones very similar to that of Juzia. However, their ilium bodies are longer and the
xal tuberosities are even larger than in Juxia. In later rhinocerctids and living rhinos the innominate bones
quite different from that of Juzria in general morphology. They are generally much broaciened and
shortened The ilium is short and the crest is always convex so that the ilium takes the form of a very much
mdened fan. The ischium and-pubis are proportionally short, the acetabulum is comparatively large, situated
in the posterior part of the innominate bone, and the obturator foramen is almost round.

So far the innominate bones of the large-sized paraceratheres have been little known. Borissiak (1923b)
s =i_a_rief1y described a right innominate bone, mostly restored with plaster and badly deformed. Even so it shows
some features similar to those of Juzia , especially in the form of ilium, such as the strongly concave lateral
Eprder, the presence of a swelling at the middle of the sciatic notch, the ilium crest with a shallow concavity

near the sacral tuber, and the broad and short ilium body. Paraceratherium asiaticum differs {rom Juzia in
sich aspects, as the ilium crest being more or less convex, the ischium and pubis being comparatively short,
and the shorter obturator foramen. The ilium of P. granger: reconstructed by Granger and Gregory (1936,
g. 47) is Ljather misleading. The restoration of the extremely strong convexity of the ilium crest seems to be

groundless.

2) Femur (Pls. XV 2, XVI 1; Tab. 25): The femora of both sides are well preserved in the holotype,
though partly compressed, especially at the ends. : .

" The bone is long and slender, but only slightly longer than tibia. The shaft is more or less cylindrical in
middle part, broadly convex in front and rather flat on posterior side. The shaft is {lattened proximally and
becomes thicker toward the distal end. The posterior side is flat on the upper half, with broad and deep
trochanteric fossa, which extends downward to the level of the lower border of the lesser trochanter. The
-S:'upracondyloid fossa (Pl. XVI 1a f) is not very large and deep, situated at the lateral side of the posferior
-i side, above the lateral epicondyle. The surface medial to the fossa is rough, where m. gastrocnemius should
q - -1-*ff;'ittach (Pl. XVI lag). The medial side of the shaft bears the lesser trochanter, beginning ~60 mm below
i the caput, extending downward arid ended at the levet slightly above the upper border of the 3™ trochanter.

The third trochanter is situated slightly above the middle of the shaft. It is prominent, extending laterally and
>.turning anteriorly at its end. The posterior side of the third trochanter is rough.

- Both capita of the two femora are slightly compressed. Their original form must be spherical. The caput
- $fretches medially and upward. The fovea of caput (Pls. XV 2b e, XVI lac) is large, situated in the middle
of the posterior side of the caput. The caput is well demarcated all around, so that the neck is distinctly
shown. The greater trochanter is well developed, but not clearly divided. Its anterolateral part (Pl. XV 2a 1)
is-slightly lower than the caput, with a large trianguler rough area at its end, whereas the posterior part (Pl
XVI 1a pt) is slightly higher than the caput.

The trochlea of the distal end for lodging the patella is long (high) and narrow, wider in upper part than
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in lower part. The lateral ridge is slightly shorter (APD) but stronger, and more obliquely situated than the
medial ridge is. The medial ridge is longitudinally more convex than the lateral ridge. Its upper eng
constitutes the most prominent part of the trochlea and is situated higher than the lateral ridge. The
intermediate groove is rather deep. The depression above the trochlea is prominent. The lateral condyle ig
slightly larger than the medial one. Its linkage with the trochlea is largely interrupted by the triangular fosss
extensoria (Pl. XVI 1b ¢). The intercondyloid fossa is narrow and deep. Both epicondyles are relatively
small, the lateral one being even smaller.

The femur of Hyrachyus eximius resembles that of fuzia in general proporton and morphology.
However, it differs from the latter in having a much higher greater trochanter (higher than caput), the more
prominent lesser trochanter, and the higher position of the third trochanter (Oshorn, 1929b, Fig. 681 A).
The femur of Hyracodon nebraskensis is even more similar to that of Juxia in the upper half of the bone, byt
differs more markedly in distal end. According to Scott (1941, p. 838), the depression above the trochlea is
very deep and greatly expanded upward, but the trochlea itsell is wide, rather flattened, with both ridges
being almost equally developed.

In primitive rhinocerotids, such as Trigonias osborni and Subhyracodon occidentalis , the femora became
much thicker and shorter. Their lengths are only about three times greater than their widths (Tab. 25).
According to Scott (1941, p. 784), the caput of the femur in T. osborni is higher than the greater
trochanter, and the lateral epicondyle is very large, and laterally widened. The femur of Allacerops turgaica
resembles that of Juxia in general, but the trochlea is much broader and low.

The femora in later rhinocerotids and living rhinos have quite different form compared with that of
Juzxia. They are much shorter, but are the longest among the long bones. The shaft is flar, cspecially in
proximal part. The greater trochanter is lower than the capur, and the caput foves is small but deep. The
third trochanter is very large, curved forward, and situated rather low, at the middle of the shaft. There is no
distinct supracondyloid fossa on the distal end of the posterior side. The distal end is about equally wide and
thick. The trochlea is low and broad, and the condyles shorter.

The femur in large-sized paraceratheres is widely different from that of Juxia in morphology. In the
former group the neck of the femur is scarcely demarcated from the caput, which [aces almost directly
upward. The greater trochanter is lower than the caput, scarcely extending posteriorly. Both the lesser and

- the third trochanters arc highly reduced. The trochlea of the distal end is proportionally lower and wider.

3) Patella (Pi. XV 3, Tab. 26): There are three specimens, all well preserved.

The bone is rather irregular in shape, slightly higher than wide. The middle part of the lateral side is
rather straight, almost vertical, but the lower part is concave, whereas the medial side is irregular, the middle
being a pointed angle, the upper part weakly concave and the lower part convex. The proxiaml side is concave
at the middle. The anterior surface is rough and strongly convex. An elongate depressed arez is present on the
medial part of lower end on the anterior side, apparently lor the artachment of the middle patellar ligament.
The posterior surface articulating with the trochlea of the femur is narrower than the total width of the
patella, leaving a large non-articular ares on the medial side. The articular surface is divided by a blunt
longitudinal ridge into two areas: a smaller lateral and a larger medial area, the medial one being more concave
than the lateral one. The proximal border or basis of the patella is irregular in shape, with a strip-like concave
arca for the attachment of the m. quadriceps femoris.

The patella is rarcly deseribed in detail in literature. Judging from the figures (Cope, 1884, Pi. LIV),
the patella of Hyrachyus eximius differs from that of Juxzia sharply. It is very thick (APD) proximally, but
thin distally. According to Scott, the patella of Hyracodon nebraskensis is small and thin, oval in outline,
with low and wide middle ridge on the posterior articular surface. The patella of Trigonias osborni may be
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more or less of the rhino-type. It is wider than high. In later rhinocerotids and living rhinos the patella differs
from that of Juzia in being rhomboid in shape, wider than high, with an enlarged medial angle where the
patellar fibrocartilage is to be attached, and the proximal border (basis) being very thick w1th large surface for
attachment of the m. guadriceps fernoris. L

Inlarge-sized paraceratheres the patella is quite snrmlar to that of Juzia in proporuon The dlfferences
between them are mainly expressed in the configuration. In Paraceratherium asiaticum the lateral side of the
patella is straighter, whereas the medial one is strongly bulged, resulting.in greater degree of asymmetry. ; The

patella of Aralotherium prohorovi is even more asymrmetrical, taking the form of a triangle, with its lateral
border being weakly concave.

4) Tibia (Pl. XVI2-3, Fig. 25, Tab. 27): In addition to the pair of tibiae of the holotype, there are
three other fragments (V 2891.7).

The bote is long and slightly twisted, seen from the front or back. The tibial crest occupies the upper
hird of the shaft on the anterior surféce, ending by a low ridge-like tubercle at its lower end, but an enlarged
tibial tuberosity at the upper end. The tibial tuberosity is excavated by a long and deep pocket-§haped groove
in its middle. Below the tibial tuberosity the crest is sharp, with a rough surface on its medial side for the
attachment of the semitendinous muscle. The proximal part of the medial side is broad and rough, smeoth in
the middle and distal parts. The groove for the deep digital flexor extends obliquely, 4n the direction from
hehind downward and anteriorly. The lateral side is smooth and broad in proximal part, forming deep groove
ateral -to the tibial crest. In the posterosuperior corner of the lateral side, the facet articulating with the fibula
s located underneath the proximal surface. A triangular rough area for coalescence with the fibula is located in
the distal part of the lateral side. The proximal part of the posterior side is deeply excavated, widened near the
oximal end. The popliteal lines are not very marked as usual. The posterior side of the shaft is cleaﬂy
'eparated from the lateral one by a ridge leading from proximal end downward and forward, making the shaft

* The proximal extremity of the bone is large, thicker than broad. The medial condyle is flat, oval in
* outline, witha rough area on its medioposterior side. The lateral condyle is lower in position than the medial
one, and its posterior side extending farther backward and downward. The intercondyloid eminences are very
“high, with the lateral one being higﬁer and longer than the medial one. The intercondyloid fossa is narrow.

"'-The extension of the lateral articular surface on the lateral intercondyloid eminence is large and steep, with its
_anter:or surface facing laterally and the posterior surface backward. In front of the intercondyloid eminences,

L pair of small pits is present on each side, apparently for the attachment of the tendon of cruciate hgament

~ and meniscus.

7 The distal end is relatively small. Its cross section is trapezoid in shape, with a shorter posterior side. On
:-distal side the ridge and grooves of the trochlea are prominent and directed obliquely forward and laterally.

The medial groove is longer than t1n_é lateral one, but the two are of the same breadth and depth. The medial

: R -malleolus develops only in the anterior part, with the groove for long digital flexor across its middle of the

* . medial side. There is a small smooth facet on the lateral side to articulate with the fibula. The medioposterior

; angle is large and projecting.

~ The tibia of Hyrachyus eximius is comparatively thick and short (Tab. 27). The proximal end is wider

than thick, with both of medial and lateral condyles being wider. The intercondyloid eminences are low, and

o the medial malleclus extended stronger medially. The tibia of Hyracodon nebraskensis is very similar to that of

- Juzxia in general proportion. It differs from the latter more markedly in the distal articular facet. The grooves

are very narrow and deep, markedly oblique in direction.
In the early rhinocerotids, such as Trigonias osborni and Subhyracodon occidentalis, the tibiae became
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proportionally thicker and shorter. The width of the proxirmal end reaches to ~1/3 of the total lengths of the
tibiae (~~1/4 in Juxia). Otherwise they are quite similar to that of Juxia. In later rhinocerotids and living
rhinos the tibiae are even thicker and shorter than those of the primitive rhinocerotids. The widths of the
proximal ends reach ~2/5 of the total lengths of the tibiae. Furthermore, the medial condyle of the Proximal
end is much larger than the lateral one; the medial and lateral intercondyloid eminences are either exqually
large, or the medial one is larger than the lateral one; the tibial tuberosity is very voluminous; the tibial crest
is [ess elevated, but longer extended downward. The distal articular facet is very broad, with asymmetrical
grooves and low middle ridge. The medial malleclus is longer in anteroposterior direction, pushing ﬂle‘groovg
for the long digital flexor backward.

In large-sized paraceratheres the tibiae also became short and thick, but the extremities are not much
widened than the shaft, and the whole tibia is pillar-like. The articular facets of the proximal end are dish-
shaped, with low intercondyloid eminences and shallow intercondyloid groove. The tibial crest is thin, but
extends to the distal end of the bone. The distal articular facet is very wide. The grooves are very shallow and

the middle ridge is very broad and low.

5} Fibula {(Pi. XVI4, Fig. 25 B, Tzab. 28): Both fibulae are preserved in the holotype. The left one is
complete, but the right one is broken distally.

The shaft is slender and rwisted. Tts middle part is rod-iike, but flattened both proximally and distally.
The proximal end is thin and plate-like, with its lateral side being rough and convex, and the medial side
vermiculated, where coalescence between tibia and fibula occurred. The medial side of the shait narrows
downward and turns backward to the posterior side. The distal end is narrower in anteroposterior direction
than the proximal one, but thicker transversely. On its medial side, above the malleolus is a rough surface
coalescing with tibia. The lateral side is rough and convex, withcut clear indication of the groove for m.
extensor digitalis lateralis. The lower part of the distal end forms the lateral malleolus, which bears three
small articular facets. The anterosuperior facet articulating with tibia is small and strip-like, facing mediaily
and upward; the facet articulating with the astragalus is situated inferoposterior to the former facet; and the
facet articulating with the calcaneus faces downward, and not clearly marked off from the other facers (Fig.
25B3-4).

The fibula of Hyrachyus eximins was very briefly described by Cope. Judging from his figures (Cope,
1884, Pls. LIV, L.V 6), the fibula of thar species is very close to that of Juzia in morphology. Its shaft is
slender, with its proximal end anteroposteriorly expanded and its distal malleolus large. According to Scott
(1896), the degree of reduction of the fibula in Flyracodon nebraskensis is about the same as in Juxia. The
only possible difference between them may be the presence of a groove for the m. extensor digitalis lateralis on
the posterior end of the lateral malleclus in H. nebraskensis (indistinet in Juxia ). The lateral mallenli in
Trigonias osborni and Subhyracodon occidentalis, sccording to Scott (1941), are very large, with clear
grooves for the m. extensor digitalis lateralis at the middle. In later rhinocerotids and living rhinos the fibulae
are decidediy stouter, with enlarged extremities.

The fibulac in large-sized paracerathercs are little known. In Paraceratherium asiaticum the fibula is
probably as slender as that of Juxia, but its proximal end may be more reduced and the broadened part of the
distal end may extend more upward (Borissiak, 1923b, Pl. VIl 1). In Aralotherium prohorovi the proxima!
end is markedly smaller than the distal one (Tab. 28). Gromova also mentioned that there is a distal facet

articulating with caleaneus, a character found in fuxiz, but not in other rhinocerotids.

6) Tarsals
Astragalus (Pis. XVII 1 -2, XVIII 3; Fig. 263 Tab. 29): No astragalus is preserved in the holotype,
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but two complete and three broken ones are available (V2891.3, V2891.7).

The astragalus is high and narrow, with its trochlea occupying most of the proximal and dorsal surfaces.
The trochlea is high and oblique, higher than wide. The obliquity angle of ‘the trochlea relative to the base of
e astragalus (a) is 1157, while the torsion angle () is about 20° (Fig. 26). The medial and lateral ridges of
trochlea are elevated high relative to the deep intermediate groove. Both ridges are transversely
metrical, with their mesial slopes less steep than their lateral ones, but the lateral ridge is more
asﬁnmen-ical than the medial one. Longitudinally, the curvature of the two ridges is about the same, foriming
asemicircle. The boundary between the trochlea and the neck of the astragalus is not clearly defined. On
plantar side there are three facets articulating with the calcaneus. The one articulating with the cochlear
rocesses (Pl. XVII 1b 1) is the largest and situated on the superolateral corner of the plantar sid_e. Tt is
értically concave, higher than broad, with a small extension at its distolateral side. The medial one
Articulating with the sustentacular process is elongated, kidney-shaped, nearly flat, or slightly convex, with
ifs convex medial border nearing the medial border of the astragalus. The third one is a small, elongated arc at
he inferolateral corner of the plantar side. The interspace between these facets is rough, unarticulated area.
the superomedial corner of the plantar side a well developed tuberosity is developed fo‘rf the ligament
attachment. ‘ ‘

‘ The distal side is composed of two articular facets. The medial one articulating with the navicular is very
iarge, trapezoid in outline, saddle in form, convex in anteroposterior direction, weakly concave transversely
Lateral to it is the small narrow facet articulating the cuboid.

The astragali in Hyrachyinae and Hyracodontinae are generally very high and narrow (Tab. 29). The
erences between the astragali of Hyrachyus eximius and Juxia are as follows. 1) In the former the neck of
e astragalus is clearly shown and higher than in the latter. 2) The ridges of the trochlea are sharper, and the
«ial ridge is higher than the lateral one. 3) The tuberosity situated at the distal end of the medial side is
¢ry prominent. The astragalus of Hyracodon nebraskensis is very similar to that of Hyrachyus eximiits .
swever, in the former species, the sustentacular facet and the distolateral one form a united L-shaped facet.
rthermore, the distal facet articulating with the cuboid may be particularly small and posteriorly shifted so
that the calcaneus seems to be connected only with the navicular, seen from the front.

* The astragali in primitive rhinoterotids are close to that of Juria in morphology. However, they differ
m that of Juxia in having sharper ridges and the wider distal facet articulating with the cubeid, clearly seen
from the front. The astragali in later rhinocerotids and living rhinos are much wider than high; the trochleae
not so obviously oblique relative to the bases of astragali; the trochleae are more asymmetncal in form,
th very shallow intermediate grooves, the two ridges being more unequally developed the cochlear facets
are flatter, and the other two plantar facets are often united and I-shaped. oo

. The astragali in large-sized paraceratheres are comparatively better studied. The d:fferences from that of
Juxia may he summarized as follows. 1) They are all much wider than high. 2) The obliquity of the
chleae relative to the bases of astragali is less, almost perpendicular to each other. The surface of the
trochleae is less convex-concave in relief ,. and the two ridges are more asymmetrical in form. 3) The
fﬁberosity situated at the distal end of the medial side of the astragalus is highly reduced. 4) On the plantar
side the cochlear facet is much more widened, and the sustentacular facet is laterally shifted so that it does not '
férm the medial border of the astragalus. 5) The distal facet articulating with the cuboid is very wide so that
@he articulation can be clearly seen from the front. According to Gromova (1959), the astragalus of
ralotherium prohorovi is more specialized than those of Paraceratherium. It is still lower and broader,
With the lateral part of the trochlea widely protruded relative to the base of the astragalus. The ridges are low
hd the intermediate groove is shallow, etc.
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Calcaneus (Pl. XVII 3) : There is only a distal part of left calcaneus preserved (V 2891.4).

The part of calcaneus lower than the cochlear process is rather long, with the sustentacular process being
less medially projected. Seen from the front, the three facets articulating with the astragalus are of the same
forms as the corresponding facets of the astragalus, but with an additional small facet at the superomedial
border of the sustentacular facet. In medial view the sustentacular process is very thick on the anterosuperior
end, thinning down posteroinferiorly. At the posterolateral corner of the cochlear processes there is a small
pit, articulating with the corresponding facet on the distal end of the fibula. The facet articulating with the
cuboid is wide, forming an angle slightly smaller than 90° with the dorsal surface of the body of calcaneus.

The calcaneus of Hyrachyus eximius differs from that of Juxia clearly by two characters: the vertical
groove bordered bilaterally by ridges on plantar surface in the lower half of the bone; and the lower positioned

- sustentacular process which tapers laterally so that the process becomes fan-shaped seen from behind. The

calcaneus of Hyracodon nebraskensis may be quite close to that of Juzia, especially in the lengthening of the
distal part of the bone as a whole, and of the sustentacular facet in particular. However, it is reported that
there is a distal facet articulating with the navicular, a character uncommon among the rhinocerotoids (Scott,
1896, p. 377). The calcanei in primitive rhinocerotids, such as Trigonias osborni and Subhyracodon
occidentalis , have their distal halves shortened relative to proximal halves, and the L-shaped facet formed by
the united sustentacular and distolateral facets. In later rhinocerotids and living rhinos the above listed
characters for T. osborni and S. oecidentalis evolve further along the same direction. The calcanei of large-
sized paraceratheres show some similarities with that of Juxia , as the presence of a facet articulating with the
fibula, the presence of three facets articulating with the astragalus, etc. However, the three facets
articulating with the astragalus in the former group are all wider than high, and the tongue-shaped facet
annexed to the distolateral corner of the cochlear facet is elongated. Furthermore, there is a facet articulating
with the tibia on the upper side of the cochlear process. Aralotheriurn prohorovi differs further by having
more specialized characters, like the blunt-edged separation between the upper (articulating with tibia) and
lower (articulating with astragalus) facets on the cochlear process, and the strong obliquity of the distal facet
articulating with the cuboid, as indicated by Gromova (1959).

Navicular (Pls. XVII[ 4, XVIII 5; Tab. 30): Three specimens are preserved (V 2891, V 2891.7).

It is about equally wide and thick (APD). Seen {rom the front, it is rectangular in outline, twice wider
than high, with its superolateral comer extended more laterally. The proximal articular facet is inversely
saddleshaped as the corresponding facet of the astragalus: weakly convex transversely, and concave
anteroposteriorly. The distal side bears three facets articulating with ecto-, meso-, and endocuneiform. The
medial one { for entocuneiform) is the smallest (Pl. XVII 4b 1), rectangular in form, facing laterally and
downward, not clearly demarcated from the facet articulating with the mesocuneiform, which is quite large
(Pl. 4b ), roughly rounded triangular in outline, situated dorsal to the latter. Its medial side forms the
medial border of the bone. The lateral one (for the ectocuneiform) is the largest (Pl. XVII 4b <) , isosceles
triangle in form, with its lateral side clearly incised at the middle.

As far as is known, in all the Hyrachyinae, Hyracodontinae, and the rhinocerotids, the naviculars are all
thinner and longer (APD) than in Juxia, with their height less than 1/2 of the widths. In large-size
paraceratheres the naviculars are also thinner (Tab. 30). The facet articulating with the entocuneiform is
absent in most cases. The navicular of Aralotherium prohorovi is more fan-shaped (Gromova, 1959, PL
XVIII 2) rather than rectangle-shaped. The facet articulating with the ectocuneiform is much larger than that
articulating with the mesocuneiform.

Entocuneiform + MtI (Pl. XVIII 1; Figs. 27 D, 28): Only one speeimen is preserved in the holotype-

It is irregular in shape, being an elongated flat bone, with its long axis lying almost vertically, and its
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short axis extending lateroposteriorly. On proximal end there is a small, transversely concave facet {Fig. 27 D
elongated elliptical in outline, articulating with the navicular. In dorsoldteral side, close to the proximal
d is a facet articulating with the mesocuneiform (Fig. 27 D w), with a deep groove below. The plantar side
ghtly convex transversely and roughened, with a weak tubercle at its distal side. The medial side is rather
arp, but at its lower part there is a small facet articulating with the MtII (Fig. 27 D11). Max L (obhqqe)
60 mm; Max W, 30 mm; APD, 18 mm. ;

In Hyrachyus eximius the entocuneiform + Mt is proportionally large, rounded in form, covenng the
d1stal parts of the tarsals and the proximal ends of MtII-MtIII from behind. It articulates additionally - w11:h the
plantar end of the proximal extremity of the MtlIl. The same bone in Heptodon posticus, as descnb;ed by

adinsky (1963, Fig. 3 A), is very similar to that of the former species, but the bone is composed of two

small bones: entocuneiform and Mtl. The entocuneiform + Mt] in Hyracodon nebraskensis is very pecuhar in
fm. Scott described it (1896, p. 377, PL. Il 7) as: “Das Entocuneiforme ist sehr gross und hat eine
; erordentlich sonderbare Gestalt. Der proximale Teil bildet einen breiten, ovalen und abgeflachten,
huppenénlichen Knochen, von dem ein langer aber schmalerer Fortsatz ausgeht. Letzterer erstreckt sich
abwirts, biegt sich aber auch gegen die Fibular-Seite des Fusses und reicht bis unter das Kub@i&; sein freies
Ende is verdickt und von dreieckiger Gestalt, mit der Spitze gegen die Tibial-Seite gerichtet. 'Diser_K_nochen
. :';___E_kulirt proximal mit dem Naviculare, vorn mit dem Mesocuneiforme und zweiten Metatarsale, und am
distalen Fortsatz ist eine kleine Facette fiir den Plantar-Vorsprung vom oberen Ende des dritten Metatarsale.
,:rotz seiner Grosse und Wichtigkeir ist dieser Knochen durchaus nach hinten zu gelegen ist kaum in -der
Torderansicht des Fusses sichtbar. ” -

. This bone in primitive rhinocerotids is poorly known. According to Scott (1941, p. 785), in Tngvmas
“ésborm: “The entocuneiform is a very large, oval, and scale-like bone, which depends from the plantodistal
rder of the navicular, and is also applied to an oblique surface of the tibio-plantar angle of MtII.” Thus, it
cks an articulation with the mesocuneiform. In later thinocerotids and living rhinos this bone is highly
veriable in shape. It is generally plate-like, with the same number of articular facets, as in Juxia . However,
distal process is very prominent, the groove above the distal process is very deep, and the facets articulating
;th the navicular and MtI] are large and rounded in outline (Fig. 27 E).

.. Inlarge-sized paraceratheres this bone is already greatly reduced in size, with only one or two facets
.al'nculatlng with Mt and occasionally with navieuar (Fig. 27 F).

. -+ Ectocuneiferm (Pls. XVII 5, XVIII 5; Tab. 31): Two specitmens of right side are available in the
" collection. _

... The bone is very thick. The thickness is greater than 3/5 of its width, seen from the front. Both

* . proximal and distal articular facets are triangular in cutline, with lateral borders concave in their middle parts.

0n the medial side there are three small facets: one upper and two lower. The upper one is the largest and
: Crescent in form, articulating with’ the mesocuneiform. The two lower facets articulate with the MtII (PL.

" “XVII 5b mu1) . The anterior one is small, whlIe the postertor one is as large as the upper one. Laterally there
. ‘afe two {acets articulating with the cuboid.

' The ectocuneiform in Hyrachyus eximius is even higher in proportion than that of Juzie (Tab. 31).
- This bone in Hyracodon nebraskensis is of the same form and articulates with the same bones as that of Juzia
~ does. In Trigonias osborni this bone bears a facet articulating with the MtIV as well, a character not seen in
«Juzia . In later rhinocerotids and living rhincs this bone is always very thin. In large-sized paraceratheres the
' -'-V'j'3e§:_tocuneiforms differ readily from that of Juxia. They are proportionally thinner, with their heights being
-only 1/4 — 2/5 of their widths (Tab. 31). Contrary to the case in Juxia , this bone articulates only with MtI1I
':?'fand MelV, without connection with the MtII. The ectocuneiform of Aralotherium prohorovi is even more
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specialized than that of Paraceratherium , being still broader and thinner, articulating with the cuboid by a

single anterior facet on the lateral side of the bone.

7) Metatarsals

Mt (Pl XVII 2, 5; Fig. 28; Tab. 32): Three specimens are preserved. A complete left MI] is
preserved in the holotype. The rest two are only partly preserved.

The bone is slender and long, mesiolaterally {lattened, with its distal part diverging laterally from the
MtIll. The proximal extremity is transversely narrow, but very long (APD). The proximal facet articulating
with the mesocuneiform is semilunar in outline, saddle-shaped, transversely concave, anteroposteriorly
slightly convex (Pl. XVIII 2¢). Behind it is the plantar process. On mesiel side at the proximal end there are
two composite facets (Pl. XVIII 2a e, mtlll) articulating with the ectocuneiform (the upper pair) and MtIII
. (the lower pair) respectively. On posterolateral corner of the shaft, below the proximal end is a facet facing
upward and posteriorly , which articulates with the entocuneiform-+ Mtl (Pl. XVIII 2b i). This facet varies
considerably in size and position. The proximal 2/3 of the mesial side of the shaft is occupied by a long
triangular rough area, the top of which points downward (Pl. XVIII 2a) . The upper 1/3 of the dorsal border
is sharp, becoming rounded downward. The plantar border of the lateral side is ridge-like, becoming more
prominent distally. The distal end is constructed as in MclV.

All the Mt in other rhinoceratoids, except for the large-sized paraceratheres, are morphologically
similar to that of Juxzia . However, they all differ from the latter in being proportionally shorter (Tab. 32).
In large-sized paraceratheres the distal end is particularly enlarged. In Paraceratherium asiaticum the MitII
does not contact with the endo- and ectocuneiforms, whereas in Aralotherium prohoroui the MtII has only
one anterior facet articulating with the MtIll. Therefore, the proximal facets of the large-sized paraceratheres
are in general more reduced than in Juxia.

MUIIX (Pl XVIII 3, 5; Fig. 28; Tab. 33): Only a right MtIIl with its plantar process of the proximal
end broken is preserved in the holotype. In addition, there are three incomplete specimens (V 2891.5, V
2891.7).

The outline of the proximal articular facet is ltke that of the distal articular facet of the ectocuneiform.
The proximal end of the medial side bears two small facets articulating with the MtII (Pl. XVIII 3¢ mil1).
The proximal end of the lateral side bears three facets: the anterosuperior one articulating with the cuboid;
the anterocinferior and the posterior ones articulating with the MtlV (Pl. XVIII 3b miv). A deep notch is
present between the anterior and posterior facets. The plantar process at the proxiaml end is very prominent.
The shaft is like that of the MclIl. On both sides above the distal trochlea the protuberances and pits for the
collateral tendon attachment are extremely developed. Ahove the trachlea, the groove on dorsal side and the
paired pits on plantar side are all very deep and clearly shown. Seen fram the bottom, the trochlea is trapezoid
in outline, with its anterior border being slightly broader (Pl. X VIII 3f). The sagittal ridge is high, but not
sharp, widening posteriorly and diminishing dorsally. [t becomes lost only on the dorsal side of the trochlea so
that it can be clearly seen from the front. On the other hand, the grooves bordered the sagittal ridge
bilaterally, which serve as the place to lodge the sesamnoids, are [imited only to the posterior half of the
trochlea. They can hardly be secn [rom the front.

So far as is known, in Hyrachyus erimius and most of the other rhinocerotoids the MtII['s do not
articulate with the cuboids. In this respect, only Fhracodon nebraskensis is similar to Juxia in having
connection between the Mt and cuboid. However, none of these rhinocerotoids above mentioned have their
MtIII proportionally so elongated and robust relative to Mtll and MtIV. Furthermore, the sagittal ridges of
the distal trochleac in them are never so high and long so that they can hardly be seen from the front.

In large-sized paracerathercs the M:11I becomes very stout and proportionally short. Its proximal width is
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about 1/3 of the total L of MtIIE (1/5 in Juzia ). The sagittal ridge of the distal trochlea is here highly
duced so that it can not be seen from the front, but the bilaterally situated grooves extend more antetiorly so
they can readily seen from the front.

MtLV (Pl. XVII[ 4 -5, Fig. 28): Only one proximal part is preserved (V 2891.5).

" The proximal end is rather stout, with the facet articulating with the cuboid occupying only about half
e_}SE{ze of the proximal end. The facet is nearly rectangular in outline, weakly saddle-shaped, with its long
is extending posterolaterally. There is a voluminous posterior protuberance, which is separated from the
et by a depression. At the proximal end of the mesial side there are two facets articulating with the MtIII
(Pl. XVIII 4b muit1). The anterior one is under the proximal facet, facing anteromesially; the posterxor one is
sthe mesial side of the protuberance, facing mesially.

Little can be said about the differences between Juzia and other rhlnoceroto1ds in this bone. They are
out the same as in the MtIl. The MtIV in other rhinocerotoids are proportionally shorter. According to
pe (1884, Pi. L.Va2), the MtIV may have a contact with the ectocunefform in Hyrachyus eximius. The
tIV in large-sized paraceratheres differs from that of Juxia more clearly. As the case in MtII, the MtIV is
portionally thinner relative to the Mtlll. Furthermore, the proximal end of MtIV is situated higher than
that of MtIII and contacts with the ectocuneiform. This is just opposite to the case in Juzia.

 8) Restoration of pes: Pl. XVIII 5 is a restoration of the left pes of Juzia sharamurenensis. The parts
restored in plaster (proximal half of calcaneus, mesocuneiform, cuboid, proximal 2/3 of the MtIIl,and distal
3 of MtIV) are marked by a letter x.

The general characters of the pes of Juzia sharamurenensis can be summarized as follows: The pes is
h, tridactyl with MtIII as central axis. Tarsal part is higher than wide. Calcaneus bears two separate
cets articulating with tibia and fibula. Astragalus is oblique in its trochlear part, intermediate groove deep,
anid ridges roundly ridge-like. All the tarsal bones of the distal row is relatively high. Cuboid contacts with
MtIII. Entocuneiform + Mtl long and plate-like, articulating with navicular, mesocuneiform, and Mtll, but
ot MtIII. It retreats to back part of tarsals. Proximal end of Mtll is higher than that of MtIII, which is
her than that of MtIV. Mt is particularly robust relative to MtIl and MtlV, which shift backward and
ially relative to MtIII, but with their distal parts diverging from MtIII. Sagittal ridges of distal trochleae
afé strong enough to be seen from the front. Phalanges are like those of fingers.

In the whole, it is much easier to distinguish the pes of Juzria from those of the other rhinocerotoids.

" The characters of the pes in Hyrachyus eximius distinguishing [rom that of Juxig are the fdlowing:
1) ‘Trochlea of astragalus is strongly oblique, with its ridges sharp, and a prominent tuberosity is developed at
he distal end of the medial side. 2) The cuboid articulates only with MtIV. 3) The entocuneiform + Mtl is
1_érge and rounded in form, articulating also with MtIIl. 4) The MtI[ — MtIV are all proportionally short,
. and their middle ridges and bilaterally situated grooves of distal trochleae are short (APD) and weak. 5) The
UMIIIL is not particularly robust relative to Mtil and MtIV. 6) The MtII and MtIV do not clearly shift
backward and mesially. 7) Sagittal grooves of proximal facets in Phl’s are short and shallow; PhIII is

ﬁarticular[y long, without middle clefts on distal borders.

‘ The pes of Hyracodon nebraskensis is closer to that of Juxia than that of Hyrachyus eximius is. The
. Similarity between the former and Juzia is especially clearly shown in the slenderness of the tarsals, the weak
- tuberosity at the distal end of medial side in astragalus, additional articulation of cuboid with MtIII, and the
érbximal ends descending laterally in relative position. However, Hyracodon nebraskensis retains a number of
: ,piesiomorphic features shown in Flyrachyus eximius, as the general form of the trochlea of astragalus, the
“form and articulation with other pes bones of the entocuneiform + Mil, and the morphology and proportion of
- the metararsals.
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The differences between primitive rhinocerotids and Juzia in pes are obvious as well. In Trigonias
osborni the pes is short, with low and wide tarsal part, which is wider than high. Distal part of astragalus is
strongly shifted medially rclative to trochlea. Cuboid does not contact with MtIII, but MtIV contacts with
ectocuneiform. Proximal end of MtIIT is situated lower than those of both Mtll and MtIV. MtIII is not
particularly robust relative to Mtll and MtIV. Sagittal ridges of distal trochleae are short and low, and can
not be seen from the front. Phalanges are wider than high, without clearly shown middle clefts on distal
borders in Phlll’s. Although more slender than in T. osborni, the pes in Subhyracodon occidentalis is
morphologieally closer to the former than to Juxia . Inlater thinocerotids and living rhinos the pedes are much
shortened in general and more specialized in the features above listed in primitive rhinocerotids.

The differences between large-sized paraceratheres and Juxia are striking. All the tarsal bones are much
more widened and lower. The trochlea of the astragalus is highly asymmetrical and low. Entocuneiform + Mtl
is highly reduced in size. Proximal heads of the three Mt’s are situated at about the same level. MtIl is
particularly robust, articulating also with mesocuneiform. Lateral Mt's are more or less straight, not clearly
diverging from MtlIII in their distal parts. All the phalanges are cxtremely low and wide, mostly dish-like,
without middle defis on distal borders in Phill's. However, in degree of monodactylism they are dosest to

Juxia than to any other rhinocerotoids.

Juxia micracis {Wang, 1976)
(Pl. XIX 1-7; Tabs. 3—-4, 15}

Imeguincisoria marhugngensis (partim), Wang, 1976: 104-105, PL. T1-2
Irmequincisoria micracis, Wang, 1976: 106 - 107, PL. Tl 1 -2
Imequincisoria sp. (partim), Wang, 1976: 108 (V 5074.4--8)

Holotype: V 5073, left P2 — M3, right P1—-M3, and [2 - I3.

Other referred specimens: V5072, upper and lower incisors ( originally assigned to 1.
mazhuangensis); V 5474. 3, left trapezoid (IVPP Loc. 73013); V 5074. 4, left unciform (IVPP Loc.
73013); V 5074. 8, lelt lunar (loc. not indicated). The three carpal bones may belong to the same
individual.

Locality and horizon: The village Xiaomazhuang in Wucheng Basin on north slope of the Tongbai
Mountains in Henan Province, China; Wulidun Forrnation, late Middle Focene.

Emended diagnosis: Size increases from third to first incisors [aster than in the type species. Upper
incisors more linguolebially flattened, L/W ratio about 1.4 — 1.5; mesial ridges and lingual cingula in [1 - 12
prominent; diastema between the two il’s wider; cristze and supplementary plications in postfossettes in P2 —
P4 stronger.

Discussion ;: Dentition of this species was fully described by Wang (1976} under the title of
Imequincisoria micracis and partly of T. mazhuangensis. In view ol the poor quality of the pictures provided
by Wang, part of the tecth is reproduced in Pl. XIX of the present volume.

A closer comparison of the relevant specimens left no doubt that the above listed incisors are closest to
those of Juzia than to any other forms. The features commonly shared by them are the special morphology
(fattened cone in shape, with mesial and distal ridges and lingual cingula, I1 fan-shaped, distal ridges of
upper incisors copcave) and the way of implantation (uppers vertical, lowers procumbent, separated by
diastemata) of the incisors. Nevertheless, they differ from those of J. sharamurenensis in the following
ways: 1) The degree of size increasing mesially is greater. 2) The mesial ridges in 11 — 12 are not only more
robust, but also cverted inwardly. 3) The distal edge of 11 and mesial edge of il abrade each other, implying
an interlocking mode of occlusion between [1 and 1. In Juria sharamurenensis the il is almost horizontally
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itioned and the abrasion facet caused by the I1 is positioned on top and faces anteriorly.

The cheek teeth of the two species are almost indistinguishable. The only minor difference between thein
the better development of cristae and supplementary plications in postfossettes shown in P2 — P4 of the
former formn.. '

The presence of two sets of limb bones differing in both size and morphology found from the same site in
Wucheng Basin is of particular importance in reassessment of the systematic position of these rhinoceroses.
‘A part of the limb bones referred by Wang to Forstercooperia sp. , a lunar, a trapezoid and an unciform,
of the same size and morphelogy as in Juxia (Pl. XIX 5~ 7). Most important is the unciform, y;rhich
bears a long facet articulating with McV on distal side, indicating that the manus should be tetradactyi'as in
Juria . On the other hand, the specimen consisting of some articulated carpal and metacarpal bones of larger
iz, referred by Wang also to Forstercooperia sp. , shows clearly the McV is highly reduced and the manus is
tridactyl (PL. XIX 8). This renders it posmble that the articulated manus of latger size may really belong o
the’ genus Forstercooperia .

Juxia shoui Qi et Zhou, 1989
(Tabs. 4, 15)

Holotype: V 8757, anterior part of skull with C—M2. .

Other referred specimen: V 3268, a left lunar '
- Locality and horizon: V 8757 is found [rom Ulan Gochu Formation at Urtyn Obo, according to original
description; V 3268 is found from “Lower White” of the Urtyn Obo section by Qi Tzo , Wang Banyue and
others in July 1991; early Late Eocene (or latest Middle Eocene 7).
Emended diagnosis: Nasal notch shallow, with its posterior border lying above P2; C — P1 diastema
ort, only about 10 mm; separation of hypocone from protocone in P2 — P4 weaker.
* Comments: The founders of the present species pointed out that the new species differed from Juria
sharamurenensis (considered synonymous with J. borissiaki by Qi and Zhou) in being: “smaller in size,
P2 — P4 width enlarged, P4 more molariform, and diasterna much shorter” (Qi and Zhou, 1989, p. 208). A
torparison of the measurements (Tab. 4) shows that the size differences between these two forms are
practically negligible, and the scem}hgly larger breadth of the premolars are evidently due to the senility of the
i specimen On the other hand, the latter two features, seem to be valid, i. e., the lower degree of

ﬁ}olarization of the premolars as shown in the weaker separation of the hypocone from protocone, and the

:.'_ shorter muzzle part of the skull as shown in the shallow nasal notch and shorter C — P1 diastema. The lunar
. from the same locality is very close to that of Juria sharamurenensis in both size (Tab. 15) and morphology,
with the only difference that the facet articulating with magnum is smaller and the distal angle is nearly 90°.

‘With these minor differences we are inclined to retain Qi and Zhou's species as a valid one of Juxia.

Urtinotherium Chow et Chiu (= Zhou ct Qiu), 1963

B&luchithm’ium { partim) , Granger and Gregory, 1936 ( vide in fra for more details)
Indricotherium ( parvum), Chow, 1958; 264 265, PL. [ 1-4
Indricotherium ( intermedium ), Chiu, 1962: 37~60, Pls. I-11
* “Indricotherium” (cf. parvum), Chow eral., 1974: 268-269, Pl. 19
Andricotherium ( qujingensis), Tang, 1978: 7677, Pl. 11-3
Deungariotherium (erdenensis), Qi, 1989; 301 -304, Pl. [

Type species: Urtinotherium intermedium (Chiu, 1962).
Other included species: U. parvum (Chow, 1958).
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Geographic and stratigraphic distribution: Urtyn Obo, Nei Mongol, and eastern part of Yunnan in
China, Ulan Gochu Formation and upper part of Lumeiyi Formation, Late Eocene.

' Emended diagnosis: Size intermediate between Juxia and Paraceratherium . L of mandible about 0. 6 —
0.87 of that of P. grangeri {Grade I1). Posterior border of symphysis at the level of anterior part of p3;
ascending ramus comparatively low, its height less than 1/2 of total L of mandible, including il. Lower denta]
formula complete (3-1-4-3); il much enlarged than other lower incisors and canines. P2 hypocone weakly
separated from protocone; upper molars with well developed parastyle, paracone, parastyle fold, but weak
antecrochet, making the bottom line of the medisinus almost rectilinear. Astragalus comparatively high, with
its ratio of W/ <110% , and its sustentacular facet being much higher than wide.

Comments: Prior to the establishment of Urtinotherium incisivum (Chow and Chiu, 1963), Qiu ( =
Chiu, 1962) had described a new species of Paraceratherium , and named it Indricotherium intermedium .

" This was partly because of the impossiblility to compare the material of his new species (upper molar and

astragali) directly with that of Urtinotherium (mandible). With the inclusion of an upper tooth row to

Urtinotherium (vide infra), a closer comparison of the two forms is now possible. The comparison shows

clearly that the specimens of I intermedinm are of the same size and at about the same level of evolution as

that of Urtinotherium incisivum . The principle of priority dictates that they be united under the same genus
and species, namely, Urtinotherium intermedium.

As early as 1989, Lucas and Sobus proposed to transfer Indricotherium parvum and I. qujingensis to
Urtinotherium , a point of view adopted in the present volume. Although the type species of Urtinotherium
is already considerably large and advanced in tooth morphology, its dental formula remains complete, a feature
diagnostic of Urtinotherium . This led us to conclude that the reduction of the anterior teeth (i2 —¢) did not
oceur until the size of the animals increased considerably and the other dental features became rather advanced.
A corollary of the above fact is that the small and primitive I. parvum should possess a complete dental
formula and be grouped in Urtinotherium as a primitive species of it. On the other hand, Indricotherium
gujingensis may well be conspecific with I. parvum based on their great similarity in size and morphology
(vide infra ), thus be transferred to Urtinotherium parvum as well.

Judged from its size, Dzungariotherium erdenensis, described by Qi (1989), is fully comparable to the

type species of Urtinotherium (vide infra), and is also to be transferred to U. intermedium .

Urtinotherium intermedium (Chiu [ = Qiun], 1962)
(Pl XXIII 1; Tabs. 12, 29, 35-38)

Baluchitherium {partim), Granger and Gregory, 1936: 11-17, 66;Figs. 7, 44 B
Indricotherium intermedium Chiu, 1962: 37-59, Pls. 12-3, I

Indricotheriinae gen. et sp. indet. , Chiu, 1962: 5966, PL. 11

Urtinotherium incisivum , Chow and Chiu, 1963: 230-236, Pls. 1-1I
Dzungariotherium erdenensis Qi, 1989: 301 305, PL 1

Holotype : V 2769, a nearly complete mandible, from Ulan Gochu Formation at Urtyn Obo, Net
Mongol, Late Eocene.

Other referred specimens: 1) V 2384.1, right M2; V 2384.2 -4, 3 astragali and a distal end of lateral
metapodium; V 2371, an astragalus (originally described as I. intermedium ), all from Shizong (originally
called as Luoping) County, Yunnan, exact loczlity and horizon uncertain. 2) AM 26026 [772], right radius
(Weood, 1938, p. 16, footnote 1, Figs. 6 —7), collected from “Middle White” of the Urtyn Obo section
(wide Osborn, 1929a, Ulan Gochu Formation) by 3CAE in 1928. 3) AM 26390 [914], axis (Granger and
Gregory, 1936, Fig. 7), collected from “Houldjin gravels” (Ulan Gochu Formation, wide infra) at the
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locality 11 km west of Camp Margetts by 3CAE in 1930. 4) AM 26389 [840], left McIII, collected from
“Houldjin gravels” (Ulan Gochu Formation, vide infra) at Camp Margetts by 3CAE in 1930. 5) V 8803,
_broken maxilla with P2 — M3 of both sides (originally as D. erdenensis ); from Ulan Gochu Formation at
Urtyn Obo, Nei Mongol.

Emended diagnosis: Largest-sized species of the genus. Teeth and limb bones 0.8 — 0. 87 as long as those
‘of Paraceratherium grangeri (Grade 11). il similar to that of Paraceratherium , much larger than other
incisors; canine only larger than i3. Hypocone and protocone not separated in P2 when heavily worn.
Discussion: The mandible of Urtinotherium incisivum (675 mm without i1) is 0. 87 as long as tbat of
P. grangeri (775 mm; AM 26166, Grade I1). Exactly the same ratio was found in the M2 of
Indricotherium intermedium described by Chiu in 1962 (82.5 mm X 89. 4 mm) relative to that of P.
ranger: (95 mm X 102. 8 mm, wide Tab. 38). This shows that the mandible of the type species of
Irtinotherium and the M2 of 1. intermedium are highly compatible in size, or even of about equal ‘s'i_ze_. The
dation of the generic name Urtinotherium and the specific name intermedium (1962) over the postdated
: incisivum (1963) justified the usage of Urtinotherium intermedium. . o _

The following specimens described under different generic and specific names are here ‘r'éferred to -the
resent species based mainly on size and morphology.

i. The right radius ( AM 26026) described first by Wood (1938) was originally identified as belongmg {76)
Embolotherium in field notes. Wood cotrectly pointed out some paracerathere features of this radius, as the
blique ridge extending to distal end of the bone, a feature ohserved only in paraceratheres. We noticed also
ther similarities between this radius and those of other paraceratheres, such as the smallness of the facets
“articulating with the ulna. However, this radius is definitely much smaller than those of other large-sized
araceratheres Our caleulation of the ratio between the lengths of this radius (1041 mun) and that of
araceratherium granger: (1200 mm, Grade II) is exactly 0. 87. This strongly supports its referral to
reinotherium intermedium .

ii. The axis (AM 26390) was only briefly described and measured by Granger and Gregory (1936). Its
rge size, extreme elongation, and other morphological characters reveal clearly its affinity with the
araceratheres. Compared with the other known complete axis of large-sized paracerathere, TP 9401, an axis
f Paraceratherium lepidum to be described below, AM 26390 is much smaller than the latter. Ratios of
some comparable measurements of axis of AM 26390 to those of TP 9401 vary around 0. 76 — 0. 77 (vide
ifra). In view of the fact that P. lepidum is larger and more advanced than P. grangeri (wvide infra),
‘the same ratios of AM 26390 to P. grangeri are to be slightly higher, probably around 0.8. This is in
accordance with the size differences between Urtinotherium intermedium and Paraceratherium grangeri.
“This led us to propose to transfer the axis (AM 26390) to Urtinotherium intermedium .

iii. A number of large-sized paracerathere limh-bones were recorded from Camp Margetts, but only one
f them, a left McIII (AM 26389), was figured, but not described (Granger and Gregory, 1936, Fig. 44
). A brief description of this specimen is given below, accompanied by cur newly produced pictures (Pl
L,XXIII la—e).

" The proximal surface of the McIII (Pl. XXIII 1a) is wider than long (APD), mainly occupied by the
an-shaped facet articulating with the magnum. The facet articulating with the unciform (Pl XXIII 1a,
¢ ur) is strip-like, restricted in anterior half. Seen from the front, the angle formed by the two proximal
acets is 135", and upward pointed. The narrowest part of the shaft is at the level 80 mm below the proximal
id. Then the shaft gradually widens downwards until the lateral tuberosities above the distal articular facet.
dorsal side of the distal articular facet is rounded and bulging. The sagittal ridge and the bilateral grooves
e almost invisible from the front.
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In proportion and morphology, this Mclll is undoubtedly closer to that of Paraceratherium than to any
other genera among the large-sized paraceratheres. The Mclll of A. prohorowi is proportionally shorter, with
its narrowest part being at the middle of the shaft. The angle of the proximal end 1s low and obtuse, and the
sagittal ridge of the distal articular facet is wider and flattened (Gromova, 1959, Pl. XX 2}. The Mclll of
Turpanotherium elegans (vide infra) is more similar to that of A. prohorovi than to Paraceratherium .
Nevertheless the AM 26389 Mclll is much smaller than that of P. grangeri {(Grade 11). The ratio of L of
this McllI to that of the latter is 0.78 (Tah. 37), just intermediate between the ratio for U. parvum and
P. grangeri (0.65 —0.75) and that for U. intermedium and P. granger: (0.8—-0.87). It is equally
acceptable to attribute this Mcll either to U. parvum or to U. intermedium . We tentatively transfer it to
the latter, U. intermedium .

iv. When creating the new species, Dzungariotherium erdenensis, Qi pointed out that the size of the

" type specimen (maxilla) was compatible with the holotype (mandible) of Urtinotherium in size. The

caleulated ratio of L of the P2 — M3 of Qi’s maxilla (318 mm) to that of P. grangeri (Grade I1, 388 mm) is
0.82 (Tab. 38), just within the range of variation in the ratios of U. intermedium to P. grangeri. The
main reason that Qi referred this maxilla to the genus Dzungariotherium was the seemingly larger antecrochet
in the molars. However, this can well be caused by the senility of the described skull. Furthermore, the
maxilla in question bears a P1 and the P2 is rectangular in outline. These again are plesiomorphic features in
large sized paraceratheres and different from those of Dzungariotherium , where the Pl is lost and the P2
becomes triangular in form. As a result, we are inclined to transfer this species of Dzungariotherium to

Urtinotherium tntermedium .

Urtinotherium parvum {Chow { = Zhou], 1958)
(Pl XX; Tabs. 33, 37-40)

Baluchitherium grangeri , Granger and Gregory, 1936: Fig. 44A
Indricotherium parvwm , Chow, 1958: 264265, Pls. 11-3, II1-2
“Indricotherium” of. parvum, Chow et al ., 1974; 268269, PL. 19
Indricotherium qujingensis, Tang, 1978: 76-77, Pl. [X 1-3
Indricotherium parvum , Zhang, 1980: 348

Lectotype: Leflt M2 (uncatalogued), coliected from “upper Lunan beds” (now the upper part of Lumeiyi
Formation) in Lunan, Yunnan, by Hu Chengzhi in 1958, now kept at the Geological Museumn of China.

Other referred specimens: 1) [solated teeth, including right P3, left P4, left p3 (originally identified as
p2), and broken left m1, excluding the P2 described by Chow (Chow, 1958, PL. [ 4), from the same
locality and bed as the lectotype, kept in the Geological Museum of China. 2) PGMV 792, a left P2 described
by Chow et al. (1974), kept in the Geological Museum of China. 3) V 4705.1 - 3, left M2, P2 (7) and
P4, coliected from upper part of Caijiachong Formation near Yangjiachong in Qujing, Yunnan, by Tang et
al. in 1972, published in 1978. 4) AM 26190 [686], left Mclll, lelt calcaneus, right MtIII, 1 PhIl and 2
Philf of middle digit, collected {rom “Baron Sog” beds (now corrected as Ulan Gochu Formation, wide
infra) at Jhama Obo, by 3CAE in 1928. 5) EMM 0146, right P1 - M3, collected from the “Lower White”
in Urtyn Obo section, Nei Mongol .

Emended diagnosis: Smaller than type species. Teeth and limb bones about 0. 65 — 0. 73 as those of
Paraceratherium grangeri (Grade 11) in length. Pl longer than wide, P2 — P4 wider than long; P2
trapezoid, narrowed anteriorly, hypoconc and protocone half-separated; in upper molars antecrochet very
weak and bottom line of medisinus almost rectilinear. p3 protoconid and entoconid clearly conical in shape.
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(1) Description and Comparison

1} Specimens from Ulan Gochu Formation at Urtyn Obo

EMM 0146 (Pl. XX 1, Tab. 38): The tooth row is rather heavily womn, indicating its senility of age
bout 20 years old, vide infra).

* Pl is triangular in outline, longer than wide. Parastyle long, with the parastyle fold on ectoloph
ilpable. Para- and metacone part of ectoloph is very wide, occupying more than 1/2 of Max W of PL.
Protocone forms a longitudinal strip, slightly convex lingually, without connection with ecioloph in the upper -
pa_rt of the crown. Metaloph is composed of hypocone and metaconule, widely connected with ectoloph.
ingual cingulum is better developed than buccal one, a funnel is formed by the lingual cingulurn and the
ectoloph anterior to the protocone. P2 is trapezoid in outline, wider than long, with posterior width being the
idest part of the tooth. Ectoloph is very wide; as in P1, paracone rib is obvious, while the metacone rib is
scarcely developed. Protocone is comma-shaped, with its tail linking with ectoloph. Hypocone is.-ébout equally
ge as protocone, but slightly more lingually situated. Protocone and hypocone are confluent, but with
visible separating grooves on buccal and lingual sides. Metaconule is comparatively wide and convex
posteriorly, broadly connected with hypocone and ectoloph. Cingulum is rather robust along the lingual half of
the anterior side, forming an encircling band. P3 is basically structured like P2 with some minor distinctions.
Tt is more or less rectangular in outline, with its lingual side nearly symmetrically - tonvex. Metacone rib is
similarly developed as that of paracone. Protocone and hypocone are completely fused, without separating
grooves. P4 is very similar to P3 in size, form and structure, with only minor distinctions, like the weak
convergence of the buceal and lingual walls posteriorly so that the tooth is anteriorly broader, and the presence
a cingulum in the lingual half of the posterior side.

ML is so heavily worn that little can be said about its structure. Paracone, parastyle and parastyle fold are
all clearly visible; on the crown surface, a very small circled medifossette and a slit-like postfossette are
present. A tiny tubercle at the outlet of the medisinus represents the remaining part of the highly reduced
lingual cingulum. M2 is better preserved. Paracone is very prominent on buccal wall; antecrochet is weak;
“- bottom line of medisinus is largely rectilinear, with its buccal end slightly deflected anterobuccally. Anterior
s and posterior cingula are well developed, more or less ridged, except in buccal side, where the cingulum either
- -lost, or becomes very low; lingual cingulum is as in M1. M3 is trapezoid in outline at the crown base owing to
<<+ 'the presence of the posterior end of the ectoloph, but triangular in upper half of the crown because of .the
-.;_oiomplete merging of ecto- and metaloph into an ectometaloph. Paracone is latge and widely separated from
- parastyle. At the boundary between the ectoloph and metaloph on buccal wall a line starts somewhere in the
middle height of the crown and intensifies toward the base, culminating in a buttress, which is accompanied
by a furrow lingually. The posterior cingulum is ended before reaching the buttress. Otherwise M3 is similar
" to M2. For measurements see.Tab. 38,

2} Material from Jhama Obe {AM 26190}

MecIH (Pl. XX 2, Tab. 37): On the proximal end (Pl. XX 2a), the facet articulating with magnum is
toughly trapezoid in outline, with its volar border markedly narrower than the dorsal one. The sutface is
rather flat except the dorsolateral corner where it sharply turns upward. The facet articulating with unciform
is triangular in outline, restricted to the anterior half, bordered posteriorly by a deep notch. The angle formed
by the above two facets is well pointed upwards. Seen from the front or back (Pl. XX 2b—¢), the narrowest
part of the shaft is almost immediately below the proximal extremity, then it widens gradually downward,
with the Max W being at the bilateral tuberosities above the distal articular trochlea. The tuberosities are not
voluminous, but rather pointed. The large rough area on the proximal part of the dorsal side below the
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proximal facet articulating with magnum so clearly shown in Mclll of Juxia sharamurenensis is scarcely
developed here. The volar side is generally flat, widens gradually downward, bordered bilaterally by ridges.
Sagittal ridge of distal articular trochlea is well developed in posterior half, but can still be seen from the
front. The upper borders of the trochlea on dorsal and volar sides are equally high.

Calcaneus (Pi. XX 3, Tabs. 39 —40): Seen medially (Pl. XX 3a), the tuber calcanei {tuber calcis) s
' very prominent, occupying the whole length of the proximal end of the bone; its upper border extends slightly
upward posteriorly, while its lower border, marked by a ridge, slants downward and posteriorly. Seen from
the front {Pi. XX 3b), the tuber calcanei forms the widest part of the upper half of the bone. The whole
upper surface of the tuber forms a large rough area for attachment of the tendon of m. gastrocnemius. Dorsal
border of the upper half of the bone is slightiy concave, with its upper end dorsally pointed, while the plantar
border is slightly convex. The cochlear process is relatively small, not very far extended forward relative to
the body. The larger and lower facet on it, articulating with astragalus, faces primarily dorsally, onfy slightly
downward, while the smaller and upper one articulating with tibia faces mainly upward, slightly dorsally.
The tongue shaped smali facet below the larger facet on the cochlear process is small, with its distal end being
far away from the distal end of the bone. The sustentacular process is plate-like, horizontally stretching
medially. The long axis of the cross section of the sustentacular process extends posteriorly, only weakly
slanting downward so that the process is almost horizontally situated relative to the body. The facets
articulating with astragalus on cochlear and sustentacular processes are separated from each other by a groove.
The distal part of the body below the cochlear process is only a little shorter than the part above the cochlear
process. The distal facet articulating with cuboid forms an angle slightly smaller than 90° with the dorsal
border of the distal part of the body, making the posterior end of the facet being considerably lower than the
cochlear process in position. For measurements see Tab. 39.

ML (Pl. XX 4; Tabs. 33, 40): It is stouter and sfightly shorter than MclII. On proximal end (Pl
XX 4a), the main facet articulating with ectocunciform is fan-shaped in outline. The small and triangular
facet articulating with mesocuneiform is present anteromedial to the above facet, but no facet articulating with
cuboid is obscrved. The shaft keeps its width unchanged throughout its whole length except for the ends. The
distal end is like that of McIII.

PhIl of middle digit (Pl. XX 5, Tab. 40): Scen from above, it is nearly semicircular in outline, with
its anterior border being convex, but posterior border slightly concave. The proximal surface is concave with a
very weak sagittal ridge, while the distal surface is convex with a better developed sagittal groove.

Phlll of middle digit (Pl. XX 6 ~7, Tab. 40): There are two specimens, cne is with its hoth angles
broken (Pl. XX 6), the other is better preserved, with only its one angle missing {Pl. XX 7). The extensor
process at the middle of the dorsal border of the proximal end is prominent, but rather blunt. Behind the
proximal facet articulating with Phll is a small lezenge-shaped smooth area for lodging the distal sesamoid.
The dorsal side is convex, with bilaterally situated deep dorsal sulci. Posterior side is rather flat, with the
volar (or plantar) sulcus across the whole phafanx. Distal border is slightly concave at the middie, but without

a real middle cleft.
{2) Comparison and Discussion

The material based on which Chow (1958) erected the new species Indricotherium ( now
Urtinotherium ) parvum is P2 — P4 and M2. Of them only the P4 and M2 are more or less complete and
measurable. Compared with the tecth of the type skulf of P. grangeri (Grade 11), they arc only 0.7 —0.76
in length and 0. 65 — 0. 73 in width of the latter. Since the width is more reliable in rhinoceros tooth
measurements than length ( wide supra ), we choose the width ratios (0. 65 — 0. 73) as the most
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representative size differences between I. parvum and P. grangeri (Grade 1I). The only comparable
tnaterial between I. parmtm and U. intermedium are p3 and the antetior part of ml {or m2?). Those of
. parvum are certainly smaller: p3 is 39.5 mm X 27 mm (45 mm X35 mm in U. intermedium); width of
il (or m27) 37 mm (45 or 48 mun in the latter). Morphologically they also show some distinctions. - In the
former the p3 (originally identified as p2) is more primitive in character, with all the major cusps being clearly
ébne-shaped (Chow, 1958, PlL. 11 2) and the talonid narrower than the trigonid, while in U intermedium
ly".the metaconid of p3 s clearly cone-shaped and the talonid about equally wide as the trigonid (Chow: ‘and
Chiu, 1963, PL. I). No records of the incisors of I. parvum have ever been reported. However, based on
the fact that full number of lower incisors (and probably also the upper incisors) is retained in Iarger—siz_éh and
ii10rphologically more advanced U. intermedium, it is likely that I. parvum may also have a completé set of
iﬁcisors, a major character diagnostic for the genus Uprtinotherium . As a result of the above comparison, I.
parvum should be considered a valid species of the genus Urtinotherium , thus U. parvum. ;
Fortunately, a cornplete upper tooth row (EMM 0146) was found to supplement the poor specxmens of
U. parvum from the type locality. Firstly, EMM 0146 is very close to these specimens in size. The only
comparable teeth between the two samples are P2 and M2. Their sizes are about the sarne':(Tab. 38).
Furthermore, the ratio of the length of P1 — M3 of EMM 0146 to that of the type skull of P. grangeri
(Grade I1), whichis 0.71 (285 mm [ 403 mm), falls within the calculated range of variation of width ratios
(0.65—0.73) of the P2 and M2 from the type locality to those of P. grangeri (Grade II). There are minor
morphologlcal differences between EMM 0146 and the specimens of U. parvum from the type locality. In
EMM 0146 the P2 is evidently trapezoid in outline, posteriorly wider than anteriorly; no groove separating
hypocone from protocone is present on lingual wall of P4; and the bottom line of the medisinus in M2 is
slightly sharply deflected anteriorly at the buceal part, indicating the slightly larger antecrochet. In specimens
of -U. parvum from the type locality, the P2 is probably rectangular in outline with more or less symmetrical
lingual border, a shallow groove is present on lingual wall in P4 and the bottom line of the medisinus is
smoothly curved in M2, indicating a smaller antecrochet. We are inclined to consider the above differences as
raspecific variations and to identify EMM 0146 as U. parvum.

= Some other Indricotherium specimens can also be referred to U, parvum . The first is the P2 described
by Chow et al. (1974) as “ Indric&therium ? of. parvum. Itis slightly smaller than that of EMM 0146, but
certainly larger than that of Juzia (compare Tab. 38 with Tab.4). Morphologically it is rather like that of
he Qujing specimen to be discussed below, with its hypocone widely linking with metaconule, but clearly
Separated from protocone. Together with the (Qujing specimens, this P2 is supposed to be attributed to U.
parvum . The sample described by Tang (1978) as a new species, I. qujingensis, is composed of a P2, a P4
and an M2. The P4 and M2 are very near those of EMM 0146 in size (Tab. 38), and almost inseparable from
the latter in morphology. However, the P2 is larger in size and really more advanced in morphology than that
;_nf- U. parvum. The lingual length of this P2 measures 34 mm, larger than those measured on other available
PQ_’S of U. parvum, which are 26 — 28 mm, but comparable to that of U. intermedium , the buccal length
of which is 37.3 mm (Qi, 1989, p. 302, vide supra). Furthermore, contrary to the P2 of U. parvum,
the hypocone links mainly with metaconule, but widely separated from protocone, As a result, we are certain
that the P4 and M2 of the Qujing sample can safely be referred to U. parvum , but doubtful as to the P2.
The close affinity of the limb bones of AM 26190 with the large-sized paraceratheres is without doubt.
This is particularly clearly shown in the morphology of the PhII of middle digit, which is dish-Eke rather than
column-shaped as in Juxia. However, these limb bones are particularly small compared to all the available
taterial so far known of the large-sized paraceratheres. As is shown in Tab. 40, they are only 0.6—-0.7 as
large as those of P grangeri (Grade I1), even slightly smaller than the representative ratios calculated from
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the type specimens of U. parvum and P. grangeri (Grade 11}, which are 0.65—0.73.

AM 26190 [imb bones also differ from typical large-sized paraceratheres in morphology. The Meclll ang
MtIII are more slender in proportion { Tabs. 33, 37, 40), The angle on the proximal end of the Melll is high
and pointed, the sagittal ridges of the distal articular trochleae of middle metapodials are sharp, the extensyr
tuber of PhIII of middle digit is well developed, etc. Taken as a whole, AM 26190 limb bones are closer to
Paraceratherium rather than to Aralotherium , which is more specialized than the former.

The shove comparison shows that AM 26190 specimens are the most primitive and smallest of all the
knowrn limb bones of the large-sized paraceratheres, and we think it more appropriate to refer them 1o [J,

parvum now.

Paraceratherium Forster-Cooper, 1911

- Paraceratheriwm, Forster-Cooper, 1911; Lucas and Sobus, 1989 (partim): 393 — 395, Fig. 3A - C, F — H; Lucas and

Bayshashov, 1996; 540545, Fig. 2
Indricotherium , Borissiak, 1915a, 1916, 1918, 1923h; Paviow, 1922; Gromova, 1959
Baluchitherium, Oshorn, 1923 (partim): 4 — 9, Figs. 2, 3A, 4 — 5, 6A, 7A; Teilhard de Chardin, 1926; Granger and
Gregory, 1936 (partim, wide description part); Young and Chow, 1956
[non] Paraceratherium ( prohorowi }, Grormova, 1959
[non] Indricotherium (intermedium ), Chiu, 1962: 57-59, Pls. 123, II
{non] Indricotherium (paroum), Chow, 1958; 264 —~265, Pls. 11-3, {1 1-2; Zhang, 1980; 348
{non] “ Indricotherium”™ of. parvum , Chow er al., 1974. 268 -269, PL. 19
{non] Indricotherium (qujingensis) Tang, 1978; 7677, Pl. X 13
Unon] Paraceratherium (sui), Ye et al., 2003

Type species: Poraceratherium bugtiense (Pilgrim, 1908).

Other included species: Paraceratherium asiaticum (Borissiak, 1918); P. grangeri (Osborn, 1923);
P. lepidum Xu et Wang, 1978.

Geographic and stratigraphic distribution: Chelkar-Teniz — North Priaralie, Turgai and Ili river areas of
Kazakhstan; middle and castern parts of Mongolia; Eren region and Qianlishan district of Nei Mongol,
Turpan Basin of Xinjiang, China; Baluchistan (Bugti Dera) of Pakistan. All Oligocene in age.

Emended diagnosis: Largest of the known Paraceratheriinae members. Body length around 7.5 m,
shoulder height around 4. 5 mm. Condyle 30% — 40% of the height of nuchal surface; paroccipito-
posttympanic process extremely robust, with their ventral borders below condyle; no unified sagittal crest;
zygomatic arch robust, sharply rises upward on posterior part above glenoid cavity; posterior border of nasal
notch above P4 - M1; infraorbital foramen faces laterally; muzzle bones (skull part anterior to cheek teeth)
very long; Il cone-shaped, turning directly downward. Lower border of mandible convex under premolars,
concave under diasterna and stretching anteriorly together withil. Dental formula 1-1 —0-4—-3-3/ 1-0-3-3.
P2 semimolariform; P3 — P4 submolariform, with crescent metaconule, linking with ectoloph and hypocone
only when considerably worn; lingual side of protocone rounded and antecrochet moderately developed i
upper molars. Posterobuceal corner of protoconid often ridged, protruding lateroposteriorly, and entoconid
cone-shaped, weakty linking with hypoconid in p3 — p4.

Cervical vertebrae (C1 —~C7) very much clongated and widened, 1.5 —2 times as long as skull L. Bodies
of C1 —C6 hollowed by enlarged transverse canals; capita and vertebral fossae of C3 ~ C7 wider than high;
concave at the middie on their upper borders. Alar notch of atlas wide and shallow, forming an obtuse angle;
intervertebral foramen lying apart from alar notch, but linked with the latter by a groove; posterior opening of
transverse canal situated at lateral border of posterior articular facets; foramen alare inferior small. Posterior
end of spinous process of axis little elevated, with a pair of ridges leading to mesial border of
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L -postzygapophysis. Transverse processes of C3 — C5 bifurcated,in (6 tripartite. Thoracic vertebrae with very
high and robust spinous processes, all slanting backward, with no diaphragmatic vertebra; posterior surfaces
spinous processes of anterior T’s deeply excavated, making cross sections V-shaped; spinous processes of
ijgsterior—most T’s shortened, less deeply excavated posteriorly and with sharp anterior ridges. Bodies: of
timbar vertebrae large, spinous processes plate-like, transverse process straight. Cross section of tnid_dle
thorax ribs plate-like. '

. Long bones of extremities very robust, straight, columnar in shape. Scapular tuber shifted downward
th its lower border lower than the middle part of glencid cavity, much enlarged and widened,. shghtly
separated from glenoid cavity by groove. Caput of humerus faces almost directly upward, with reduced Iateral
tuberosity, upper border of which is lower than the upper sutface of the caput, anterior portion of flateral
tuberosity scarcely turning medially to cover the bicipital groove; humeral crest and deltoid tubercsity. very
weak; lateral epicondyle large, extending upward and laterally, with its lateral border being stralght distal
trochlea with distinet median groove and ridge on lateral condyle. Radius proportionally robust, W >1/3 of
L; crest below the radial tuberosity sharp, extending downward and medially beyond the middle of the shaft.
Shaft of ulna robust, with its posterior border almost straight, olecranon shorter, semilunar notch low and
broad, especially its upper part. Carpal part {all carpal bones in articulation) wider than high; proximal and
distal articular facets of all carpal bones rather flattened, with only weakly expressed “hindering facets™ in
anterior parts; carpal bones transmitting body weight to lateral metacarpals ( cuneiform, unciform, trapezium
énd trapezoid) diminished aﬁd narrowed; distal angle of lunar more or less symmetrical, about equally resting
on unciform and magnum; magnum wider than high, becoming the widest bone in carplas. Mcll — McIV
ﬁwiden downward, with the narrowest part at the lower part of the upper 1/3 shaft; Mclll much wider relative
to.Mcll and McIV; McV atrophied into a small ump of bone. Phalanges of middle finger particularly low and
wide, Phl —PhlI oval dish in form, distal border of PhllIl without sagittal notch.

Ilium of innominate bone elongated relative to ischium, with its iliac crest slightly convex; acetabulum
posteriorly shifted, situated at the posterior 1/3 of the innominate bone. Transition from femoral caput to
shaft smooth, - without clearly expressed “neck”; greater trochanter small, with its lateral border scarcely
beyond shaft, no lesser trochanter, third trochanter represented only by bulging area. Proximal end of tibia
“not particularly widened relative to mid-shaft; its proximal articular facets spherically concave, dish-like;
intercondyloid eminences inconspicuous; tibial tuberosity low, without deep groove for ligament on it;
"1-‘:::_”"-_rrnuscular groove lateral to the tibial tuberosity almost absent, but tibial crest very long, extending to the
" medial side of distal end; distal trochlea separated by low and obtuse anteroposterior median ridge into two
- gbout equally large concaved facets; no medial malleolus, no downward pointed process at posterolateral corner

. of distal end. Astragalus wider than high, ridges of trochlea obtuse, about equally wide, median groove
shallow, “neck” under trochlea high, anterior border of facet articulating with cuboid wide, facets articulating

' _ with caleaneus on plantar surface all low and wide. Calcaneus articualting with both tibia and fibula by small
{acets above and lateral to fhe cochlear process; cochlear facet articulating with astragalus wide and bifacial,
bearing a considerably large tongue-shaped facet beneath. Facet articulating with cuboid facing downward and

- posteriorly so that the lower border of the bone slanting slightly upward posteriorly, seen from lateral side.
Entocuneiform+ Mtl atrophied into a small lump of bone. MtIIl wihtout contact with cuboid. Otherwise

- Mt’s and Ph’s of toes like Mc’s and Ph’s of fingers closely.

Comments: The taxonomy at generic level of the large-sized paraceratheres ( Paraceratherium,
Dzungariotherium , Aralotherium , etc. ) has long been a perplexing and krotty problem. The sole specimen
on which the genus Paraceratherium was established was a mandible from Baluchistan (Forster-Cooper,
1911). The most diagnostic feature of the mandible is the presence of a single pair of much enlarged and
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connate il’s, stretching forward (slightly downward too) among the incisors. The genus Baluchitherium was
based purely on posteranial bones of enormous size from the same locality {Forster-Cooper, 1913a—b). The
erection of the genus Indricotherium was based on richer materials, including large numbers of posteranial
bones, but lacking adequate skull and mandible specimens (Borissiak, 1915a). Although better materials
including skull and mandible were soon after obtained from Kazakhstan and Mongolia (Paviow, 1922,
Oshorn, 1923), uncertainty as to the relationships between these genera lingered on among paleontclogists for
2 long time (Forster-Cooper, 1924b; Granger and Gregory, 1936). In 1939, another genus Aralotherium
was added (Borissiak, 1939). The situation had not been changed until 1939 when Gromova published her
systematie revision of all the materials then known of the paraceratheres. Apart from Pristinotherium
(Birjukov, 1953) and Benaratherium (Gabunia, 1955), which were poorly understood because of the
paucity of material, Gromova retained two genera and three species altogether: Indricotherium
transouralicurm ( = I. asiaticum and Baluchitherium grangeri ), Paraceratherium bugtiense ( =
Baluchitherium osborni) and P. prohorovi (= Aralotherium prohorovi).

As carly as 1936 Granger and Gregory held that Paraceratherium , Baluchitherium and Indricotherium
could belong to one and the same genus. They listed 5 points of similaritics between them (p. 54 — 62, loc.
cit.) with special emphasis on the similarity between the type mandible of Paraceratherium bugtiense and
AM 26166 mandible of Baluchitherium grangeri. However, they chose Baluchitherium to represent the
whole group of these rhinoceroses. Recently, Lucas and Sobus (1989 ) explicitly proposed to include
Dzungariotheriumm in this group as male representative, and substitute Baluchitherium by
Paraceratherium . Nowadays, most of the American scholars support this view. Spassov ;_(1989) only partly
agreed on this point of view. He admitted that Deungariotherium may be included in Paraceratherium, but
insisted in retaining Indricotherium as an independent genus. McKenna and Bell (1997), Dashzeveg
(1991), and most of Chinese colleagues (Ye et al., 2003; Qiu et al., 2004a) held the opinion that
Indricotherium and Paraceratherium should be two separate genera.

However, the recent discovery of a skull in association with mandible and most of the vertebral column
(TP 9401) in situ in Turpan Basin ( vide infra) gave the last impetus to change our previous view. The
mandible { TP 9401) is almost a reblica of the type specimen of Paraceratherium bugtiense, and the
associated skull shows the most diagnostic feature of Baluchitherium granger: skull, i.e., the elongated
muzzle with enlarged and downturned I1. Combination of similar features in upper and lower jaws can also be
found in marerials of Indricotherium transouralicum described by Pavlow (1922) from Turgai area, where
some teeth of Indricotherium asiaticum were described by Borissiak (1923b). All of this convinced us that
the skull from Loh Camp and the material from Turgai area should be congeneric with the type mandibie of
Paraceratherium bugtiense and the generic name Paraceratherium has undoubted priority (1911) over the
others.

One of the coroliaries of the above conclusion is the rehabilitation of the genus Aralotherium. The
monotypic Aralotherium prohorovi as defined by Borissiak (1939) and fully described by Grommova {1959) is
so different in muzzle and symphysis from Paraceratherium as now understood that it is highly inappropriate

to group them into one and the sarmne genus.

Paraceratherium grangeri (Qsborn, 1923)
(Pls. XXI—-XXII, XXII12—6; Tabs. 1, 7-9, 12, 14-17, 27, 29, 33, 35-45)

Baluckitherium grangeri (partim), Osbom, 1923: 4-9, Figs. 2, 3A, 45, 6A, 7A
[non] Baluchitherium grangeri, Teilhard de Chardin, 1926: 11— 16, Fig. 6, Pls. [3-7, 119, 11-12
Baluchitherium grangert {partim), Granger and Gregory, 1936 {wvide infra)
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[non] Baluchitherium grangeri, Young and Chow, 1956: 449 - 451, Figs. 2—3, Pls. [A—B, II
[non] Indricotherium of. grangeri, Chow and Xu, 1959: 9394, P1. I

- Indricotherium transouralicum (partim), Gromova, 1959 33— 38

- Paraceratheriym (partim), Lucas and Sobus, 1989: 367 — 373, Figs. 19.5B, 19.6B, 19.78

Holotype AM 18650, skull and mandible, largely restored and completed based on muzzle with nght
maxxlia containing P1 — P4, left half of middie and posterior parts of skull, picces of posterior half of left
ramus of mandible, collected from Shand Member of Hsanda Gol Formation, 3.2 km SW of Loh Camp in
Tsagan Nor Basin, Mongol, Early Oligocene. -
Redescribed specimens: 1) AM 21618 [539], left and right manus and right pes of the same mdwx:lual
from -about the same laver at a locality 0. 8 km east of the type locality. 2) AM 26166 [745], mandable, and
26179 [731], left and right calcanei from Upper Naogangdai Formation ( “Baron Sog-Baluchitheres”. bed) at
Urtyn Obo. 3) AM 26387 [874 ], left and right astragali, right cuboid, right MtIII, right PhI of middle toe
and PhIII of lateral digit, from “Houldjin gravels near Overnight Camp, 8 km east of Camp Margetts (=
Deoteyin Obo} .

Emended diagnosis: Size similar to Paraceratherium asiaticum , about 1/8 larger than P bug'tzense in
length, but slightly smaller than P. lepidum .

© Mandible differs from that of P. bugtiense in having slightly enlarged mandibula: angle and slanting
posterior border of ascending ramus, and the p2 less reduced in size.

Differs from P. asiaticum (features in brackets) in: lacking noticeable groove between hypocone and
protocone on lingual side in P3 — P4 (weak, but present); hypocone situated posterior to metaconule in P4
{(anterior to)}; presence of entolophid in p3 — p4 (entoconid isolated); development of deltoid tuberosity
(scarcely noticeable) and ridge on lateral condyle of distal trochlea being very weak (clearly shown) in
humerus; most carpal bones being wider (narrower) and anteroposteriorly shorter (longer); proximal {acet of
cuneiform articulating with radius being narrower (wider), facet of magnum articulating with Mecll being
smaller (larger) ; astragalus proportionally wider and lower (narrower and higher) ; Mcll and McIV. cbviously
shorter (nearly equally long) than Melll; proximal angles of PhIII of middle digit prominent (lacking) .
Differs from P. lepidum in the following points (characters of P. lepidum in brackets): 1) Occipital
condyle high, about 2/5 of nuchal surface (1/3); 2) paroccipito-posttympanic process smaller, total width of
processes of both sides about equal with that of occipital condyles (wider than that of condyles) when seen
from ventral side; lower border of process only slightly lower than that of occipital condyle (much lower}; 3)
posterior border of nasal notch situated gbove P4 - M1 (above M1 —M2}; 4} muzzle part of skull robust and
elongated, with much enlarged I1 (slender, 11 reduced}; 5) posterior border of ascending ramus of mandible
slanting posteriorly and mandubular angle lobate in form (vertical, no protruding angle); 6) upper dental
formula: 1-1-0+4-3 (1-0-3-3); 7) P2 trapezoid in outline (triangular), antecrochet in M1 — M3 weak
(stronger); 8) p2 larger, double-rooted, cone-shaped entoconid still observable (confluent with entolophid) ;
9} Ci — C7 about 1.5 times longer than skull length (close to twice), capita and vertebral fossae of C3 - C7
slightly wider than high (very flattened, dumb-bell in shape); 10} spinous processes of thoracic vertebrae
comparatively short and narrow (particularly high and wide); and 11) limb bones comparatively longer and
stenderer (shorter and more robust), proximal width less than 1/3 of length in tibia (>1/3), Mc’s and Mt’s
longer (possibly shorter).

{1) Supplementary Description and Comparison

1} Material from Loh Camp, Mongolia
AM 21618, right carpal bones (lacking pisiform and trapezium)
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Scaphoid (Pl. XXI 1, Tab. 14): The bone is irregularly cubic in form, with its distolateral angle on
dorsal side very much protruded. It is only slightly longer (APD) than high and wide. Seen from dorsomedia|
side, it is trapezoid in form, with its dorsal border slanting dorsodistally, but the most protruding part of the
volar horder being at the middle (Pl. XXI 1a). The proximal articular facet is roughly rectangular in outline,
wider posteriorly (Pl. XXI 1b). The anterior part of the surface is strongly convex, forming a wide and
rounded transverse ridge, descending medially. Posterior to the ridge the surface is deeply concave. At the
dorsomedial corner of the articular facet there is a small flattened part, which is the rudimentary “hindering
facet”. The distal end bears two facets articulating with magnum and trapezoid (Pl. XXI 1¢ m, ). The
small, semicircular facet articulating with trapezium is shifted mainly on the volar side (Pl. XXI le ).
There are three facets articulating with tunar on the lateral side: two uppers and one lower (Pl. XI 1d). The
posterior one of the upper two facets is situated lower and extends distoposteriorly.

The above described scaphoid is sharply different from that of Juiza in general form and morphology
(vide supra ). Taken as a whole, the scaphoid is closer to that of P. asiaticum than to Aralotherium
- prohorovi and Turpanotherium elegans. 1) The scaphoid of AM 21618 is proportionally higher. Its H/L
ratio is 74. 5%, falling within the range of variation in P. asiaticum {63.7% —78.4% ), lower than in J.
sharamurenensis (79.4% — 84.7% ), but higher than in A. prohorovi (67.3% —69%) and T. elegans
(62.7% ). 2) The facet articulating with trapezium is present on the volar side of the bone in AM 21618 and
in P. asiaticum , whereas it is very smail in T. elegans, and sbsent in A. prohorovi. On the other hand,
in J. sharamurenensis it is situated on the distal side, at the posterior end, facing distoposteriorly. 3} There
are three facets articulating with lunar in AM 21618, whereas there are only two in the other forms.
However, in P. asiaticum the posterior part of the upper facet turns downward similer to the case as in AM
21618.

The differences between AM 21618 and P. asiaticum are shown in greater width of the proximal facet
articulating with radius and the presence of the rudimentary “hendering facet” in AM 21618.

Lunar (Pl. XXI 2, Tab. 15): It is pentagonal in dorsal view, with its lower angle more or less
symnmetrical in position. The proximal facet articulating with radius is strongly convex in anteroposterior
direction, wider (104 mm) than long (80 mm), without posterior extension onto the volar process.

The lunar of AM 21618 is markedly differnet from that of J. sharamurenensis, where the bone is very
high and narrow, its distal end primarily rests on unciform, and the proximal articular facet extends backward
onto the volar process. In this respect, AM 21618 is closer to those of the large sized paraceratheres so far
known. The lunar is particularly close to that of P. asiaticum with the only exception that the proximal [acet
is sfightly longer (113 mm) than wide (101 mm) in the latter. On the other hand, a “hindering facet” is
developed at the anterior part of the proximal articular facet in all the other three forms, P. bugtiense, A.
prohorout and T. elegans.

Cuneiform (Pl. XXI 3, Tab. 16): Secen from lateral side, the cunciform is roughly rectangufar in form,
with its lower border strongly concave. Proximally, the [acet articulating with ulna is very large and the facet
for radius is very smalf (Pl. XXI 3b :). The facet articulating with pisiform is also small (Pi. XXI 3b p,
3d p), triangular in form, facing posteromedially. Distally, there is only one large articular surface for
unciform, strongly concave anteroposteriorly. On medial side there are two facets for funar: a circular upper
one and a strip-formed lower one (Pl. XXI3b1).

The cuneiform of AM 21618 is distinet from that of J. sharamurenensis in size and general form. That
of the latter is much smaller and very high in proportion. In size and proportion the cuneiform of AM 21618
[alls within the range of variation of P. asiaticum , while those of P. bugtiense, A. prohoroovi and T-
elegans are all proportionally narrower and longer (Tab. 16 ratios 1 —2). However, in relative sizes of the
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 three proximal facets, AM 21618 is quite distinct from all other large-sized paraceratheres so far known. In
the latter forms the facet articulating with radius and pisiform are considerably larger so that the combined
surface of the two facets is about equally large as the main facet for the ulna, whereas they are much smaller in
: AM21618 In this respect, AM 21618 is rather similar to J. sharamurenensis, where the facet for the
‘radius is “also very small, but that for the pisiform is proportionally larger. Therefore, the cuneiform of AM
21618 seems to be more plesiomorphic. :

- < Trapezoid (Pl. XXI 4, Tab. 41): A small bone, triangular in outline when seen from above, ; but
','semlmrcuia__r when seen laterally. The proximal facet articulating with scaphoid is very strongly convex
anteroposteriorly, smoothly merging with the facet articulating with trapezium on volar side. Distally, there is
‘only one flat facet articulating with MCII On lateral side the facets articulating with magnum forms a lain
.down letter T1. : '

: Again, AM 21618 is closer to that of P. asiaticum than to those of other large-sized parace;afhéres,
especially in H/W and H/L ratios, whereas in all the other large-sized paraceratheres the ‘trapezoid‘_'ils higher,
riarrower and shorter in APD (Tab. 41 ratios 2 —3). : B _
Magnum (Pl. XXII 2, Tab. 42): Seen from the front, the magnum is roughly rectar;g'{jlar in form,
swider than high. The concave upper border is shorter than the convex lower one, the lateral border slants
‘distolaterally , and the upper lateral angle pointing upward. Proximally, there are two facets articutating with
scaphoid and lunar respectiv_ely (Pl. XXII2a s, 1). The medial facet (for scaphoid) is fai:l-shaped, situated in
anterior half of the bone; while the lateral one (for lunar) is strip-shaped in anterior half, but widened in
“posterior part-on the prominent volar knob or “head.” Distally, there is only one facet articulating with
Melll. No contact with Mcll can be observed. “The hook-like volar process is highly reduced, pointing
;slightly downward. This process can clearly be seen from ventral side, behind the facet articulating with
“Melll.

. Direct comparison of this bone with that of J. sharamurenensis is impossible because of its lacking in the
latter form. However, the restoration of the manus of J. sharamurenensis (Pl. XIII 3) shows clearly that its
magnum is very nairrow and high, in sharp contrast with the wider than high magnum in AM 21618 and all
;-'the other known large-sized paraceratheres. AM 21618 magnum differs from those of other large-sized
‘paraceratheres in lacking a contact’ with Mell, which is present in all the known specimens in the latter
‘group. AM 21618 and P. asiaticum share one common plesiomorphic feature in magnum, i. e., the clea.fly
“demarcated volar processs, which is highly reduced in other known forms of large-sized paraceratheres. .
Unciform (Pl. XXII 3, Tab. 17): In dorsolateral view, the bone is very irregular in form, wider than
L high (Pl XXII 3a). Seen from above or below, the hone is roughly triangular in form, anteroposteriorly
. longer than wide, with protruded volar tuberosity. Both proximal articular facets (with lunar and cuneiform)
. are saddle-shaped, convex anteroposteriorly. In mediodistal side, the facets articulating with magnum, MellI
and McIV are confluent, with a small facet articulating with McV shifted onto the posterior side of the bone.
: - The volar tuberosity is well developed, protruded posteriorly and separated from the anterior articular facets.
' ~ The most remarkable feature of AM 21618 is its greater width relative to height and length (APD). No
" other paraceratheres have such a wide unciform (Tab. 17). AM21618 unciform is similar to those of P.
. astaticum and T . elegans in having well separated volar tuberosity and the srmall facet articulating with McV
‘on volar side. In A. prohorovi,, both volar tuberosity and McV facet are highly reduced: the former is lost

and the latters were found in 2 of 7 specimens.

2) Material from Upper Naogangdai Formation at Urtyn Obo

AM 26166, a mandible (Pl. XXII 1, Tab. 36): This specimen was briefly mentioned and figured by
.Granger and Gregory (1936, p. 3, Fig. 4 A—B). The right half of the symphysis is better preserved with
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the right il in situ (not so heavily broken as illustrated in Fig. 4 A by these authors). It is clear that the
postericr border of the symphysis is situated at the level of the posterior end of p3. The il stretches primariy
anteriorly, and the two il’s are not in direct contact with each other. The lingual cingulum of il is well
developed and curved, extending mestally to form a basal projection, separated from the mesial border by 5 .
shallow notch. The p2 is double-rooted, without fully developed talonid, which is composed of a shor
hypolophid and an rudimentary entolophid. The posterolingual ridge of the metaconid is weak. The anterior
border of the p3 is broad, but with the paralophid shortened, without reaching to the lingual cingulum. The
posterobuccal corner of the protoconid is angular in form. but without rugosities. The entoconid remaing
conical in form, but connects with the low entolophid. The p4 is similar to p3, with its paralophid longer,
reaching to the lingual cingulum.

In general morphology the mandible of AM 26166 is quite similar to those of P. asiaticum and P.
lepidum. , especially in the direction of the lower harder of the symphysis, the anteriorly stretching il and the
morphology of the premolars. However, the basal projection of the lingual cingulum in il is intermediate in
strength between the above mentioned two forms. In P. asiaticum it is less distinet as described by Borissiak
(1923b) and Gromova (1959), whereas in P. lepidum it is much more prominent.

AM 26179, two caleanei (Pl. XXIII2, Tab. 39): The two calcanei are very similar in morphology, the
right one is larger, but the left one is better preserved (PI. XXIII 2). In dorsal view, the part above the
cochlear process is the thinnest part of the body, widening gradually toward the tuber calcis. In plantar view
(Pl. XXIII 2b), the lateral side of the distal part below the sustentacular process bulges strongly. In lateral
view {Pl. XXIII 2a), the upper border of the tuber calcis is straight, and slightly rises posteriorly; the lower
part below the cochlear process slightly narrows downward, with its anterior border slanting backward toward
the distal end and the distal border rising more markedly than the upper border of the tuber caleis, but with its
posterior end bying much lower than the cochlear process. On cochlear process there are two facets, the upper
one (for articulation with tibia), and the lower one (with astragalus), forming a two-sided angle when seen
laterally. The tongue-shaped facet extended from the large facet on cochlear process is very small in size, with
its lower end lying far from the distal end of the bone.

AM 26179 is generally close to that of P. asiaticum described by Borissiak (1923b, P, IX Ib, 6a—b)
in the following points: 1) The two parts of hody above and below the cochlear process are ahout equally long.
23 The upper border of the tuber calcis is more or less straight, slightly ascending posteriorfy. 3) The tongue-
shaped small facet below the cochlear process is very small and short, with its distal end lying far from the
distal end of the bone. 4) The posterior end of the distal facet articulating with the cuboid lies far below the
level of the cochlear process. The minor differences between AM 26179 and that of P. asiaricum are the
abrupt widening of the tuber caleis relative to the body below it and the larger size of the facet on the cochlear
process relative to the sustentacular facet in P. asiaticurm (Borissiak, 1923b, PL. IX 6a).

3) Material from Overnight Camp, 8 km east of Camp Margetts {Daoteyin Obo)

AM 26387 [974], two astragali, a cuboid, an MtIIT and some phalanges

Astragalus (Pl. XXIII 3, Tab. 29) . The trochlea is slightly obligue, with the angle of obliquity being
100°. In anterior view (Pl. XXIII 3a), the trochlea is rahter symmetrical, with wide ridges, but narrow
intermediate groove. The medial ridge is symmetricaily convex, and the lateral ridge is higher than the medial
ridge, and its convexity is asyrmetrical, with its lateral hall being rather flat. The distal border of the
trochlea is clearly demarcated from the neck by a step-like ridge, which forms an asyrnmetrical notch under
the intermediate groove. Seen from medial side (Pl. XXIII 3¢), the medial ridge spans more than 1/4 circle,
facing mainly upward. Scen {rom lateral side (Pl XXI11 3¢), the lateral ridge covers less than 1/4 circle, the
radius of which is longer than that of the medial ridge, [acing upward and dorsally. On plantar side (Pt
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KXIII 3d), there are four facets articulating with calcaneus: the largest one is the cochlear facet (3d o ),
ich is concave vertically; a small tongueshaped facet lying beneath the former (3d ) facing
posterodistally; the medial one is the sustentacular facet (3d b}, which is rather large and oval in form, with
fs‘long axis stretching laterodistally, separated from the other facets; and the strip—shaf)ed_laterodistal facet
3d ). On distal side (Pl. XXIII 3f), there are two facets: the major one is the medial facet articulating
with' navicular, which is saddle-shaped, transversely weakly concave, but anteroposteriorly strongly convex;
he lateral one is strip-shaped, articulating with the cuboid, with its plantar end being downturned. |

AM 26387 is closer to that of P. asiaticum thanto A. prohorovi in a number of points: 1) The ridges
are high over the rather deep intermediate groove; in contrast, these ridges are low and intermediate gr'éove is
shallow in A. prohorovi: 2) The lateral ridge of the trochlea is only weakly protruded laterally relati\(é to the
eck; whereas it is strongly protruded in A. prohorovi. 3) The boundary between the trochlea and the neck
s sharply defined in contrast to not so sharply defined boundary in A.. prohorovi. 4) Both cochlear -and
ustentacular facets are about equally wide and high, but these are wider than high in A. .prehorovi.
IiIowever, AM 26387 is relatively low in proportion, with its W/H ratio being 126.8%, higher than those in
P. asiaticum (104% —116% ), but comparable to the lower values of the range of variation in A. prohoroui
125.2% —150%).

- Right caboid (Pl. XXIII 4, Tab. 43): It is irregularly cubic in form, with a laterally situated plantar
rocess (Pl XXIIT 4d). In dorsal view, the bone is rectangular in outline, slightly wider than high. There
dre two proximal facets articulating with astragalus (medial) and calcaneus (lateral), the medial one being
trip in form and rather wide; whereas the lateral one being irregularly oval, with its medial border straight,
ut lateral border convex. On distal end there is only one facet articulating with MtIV, which is roundly
riangular in form.

- In general form and size, this bone is closer to that of P. astaticum than to those in other known large-
ized paraceratheres. In A. prohoroui the cuboid is rather long (APD) and narrow (Tab. 43 ratio 3), while
nD. orgosense it is much wider than high when seen from the front (Tab. 43 ratio 1). '
Right PhI of middle toe (Pl. XXIII 5, Tab. 44): This phalanx is comparatively high and long (APD),
tit narrower (transversely). The proximal facet is asymmetrically oval in outline, with the medial part longer
than the lateral half, and weakly concave. The distal surface is shorter (APD) than the proxunal one, but
bout equally wide as the latter, with shallow sagittal groove.

This phalanx is agdin closer to that of P. asiaticurn described by Borissiak (1923b, PL X1 3). In A.
pfohorovi this phalanx becomes much thinner and wider in proportion, with rather flattened proximal and
. distal articular facets. '

" PhIII of lateral digit (Pl. XXIII 6, Tab. 45): The bone is asymmetrical and high, with prominent
iroximal and distal lateral angles. The morphology of the Phlll's of lateral digits in Paraceratherium
.rgtangeri is almost unknown because of their poor presentation by Granger and Gregory {1936, Figs. 27,
U) In morphology the described phalanx (AM 26387) is rather close to the PhIIT of lateral digit illustrated
¥ Borissiak (1923b, Pl. XI 13). But it is smaller and proportionally slightly higher than the latter { Tab.
5). The PhIll of lateral digit of Aralotherium prohorovi as described and illustrated by Grotmova (1959, p.
35—136, Fig. 23) is much larger, proportionally lower, with very long distal angle on lateral side. The
PRI of Turpanotherium elegans ere highly reduced (wvide infra), thus clearly distinguished from that of
AM 26387.

{2) Discussion

Since 1959, when Gromova transferred Baluchitherium grangeri into Indricotherium transouralicum
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(corrected as Paraceratherium asiaticum by the present authors), most paleontologists have accepted this
point of view. Although Chiu (1962) proposed to retain these two forms as separate species of
Indricotherium , no positive response has been echoed.

Granger and Gregory(1936) lumped all the paracerathere materials found by the 3CAE from the Eren
region into the single species Baluchitherium grangeri. At the same time, they fully admitted the large range
of variations in size of that species, with the largest individuals being 1. 4 times larger than the smallest ones,
except for AM 26190 from Jhama Obo, the gencric status of which was doubted by these authors. Severs]
problems have arised as to the systematic position of the above mentioned materials. 1} Whether all the above
mentioned materials could be attributed to one and the same species as Granger and Gregory did? 2) Whether
Baluchitherium grangeri typified by the holotype skull from Loh, Mongolia ( AM 18650 ) and
Indricotherium transouralicum from Kazakhstan are to be synonymized into one species as Gromova did? 3)
If the materials from Mongolia and Kazakhstan represent different species, which species the Eren materials
should helong to?

In order to clear up these problems, we tried to reexamine as much of the 3CAE paracerathere materials
from Eren region as possible. Owing to some practical problems ( the storage rooms were being renovated, and
some of the specimens are locked in the showcase, etc. ), only a part of these materials were accessible for our
examination. The main conclusions concerning the above problems are as follows. 1) Based on current
taxonomy, the specimens from Mongolia plus Eren region and Kazakhstan are to be referred to two separate
species of the genus Paraceratherium . P. grangeri and P. asiaticum . 2) Most of the specimens from Eren
region listed by Granger and Gregory (1936), especially those from the “Baron Sog - Baluchitheres bed” at
Urtyn Obo, and possibly [rom Overnight Camp, are attributable to P. grangeri, but there are others which
should belong to other forms of paraceratheres, as stated below.

i. The Loh skull (AM 18650), compared to the newly discovered skull from Xiniiang (‘TP 9401), i
undoubtedly referable to the genus Paraceratherium (vide infra). The manus and pes found from the same
layer not far from the holotype skull (AM 21618) were only sketchily described, measured and [igured by
Granger and Gregory (1936). The pes is locked in the showcase and inaccessible for further study. However,
the Fig. 30 in Granger and Gregory’s paper (1936) seems to illustrate the pes rather faithfully. On the
contrary, the Fig. 27 (loc. ciz. ) is far {rom being accurate in showing the form and interrclationship of the
carpal bones. Fortunately, six of the carpal bones were accessible to us, and were thus redescribed ( wide
supra ). Qur study shows clearly that the carpal bones (AM 21618) are basically Paraceratherium in pattern,
but differ from those of Kazakhstan described by Borissiak (1923b) in a number of morphological features,
supporting the separation of the Loh materials from those [rom Kazakhstan as a separate species.

ii. Our research tends to also show that the material referrable o P, granger: s principally conlined to
those found from the “Baron Sog - Baluchitheres bed” at Urtyn Obo and Nom Khong (Holy Mesa), and
possibly [rom the “Houldjin gravels” at Overnight Camp. The paracerathere specimens found [rom Overnight
Camp are slightly smaller than those {rom the “Baron Sog - Baluchitheres bed,” however, they may well be
reforred 1o the same species as the latter ones. On the contrary, the paracerathere specimens from other
localities represent other forms of paraceratheres. The materials from Jhama Obo and from the lower part of
the Ulan Gochu Formation at Urtyn Obo scction are to be referred to Urtinotheriune parvum (wide supra);
those from the upper part (7)) of the Ulan Gochu Formation at Urtyn Obo section, including the radius
mentioncd by Wood (1938), and those from Camp Margetts (= Duhminbo’erhe; AM 26389, Melll) and
froma locality 11 km west of Camp Margetts ( Nuhtingbo'ethe; AM 26390, an axis) arc relerable to
Urtinotherium intermedivm (wide supra ). On the other hand, the materials currently found from the
typical “Houldjin gravels” around the city Erenhot are referred by us to Aralotherium sp. (wide infra)-
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Paraceratherium lepidum Xu et Wang, 1978
(Pls. XXTV-XXIX, XXX 1-3; Tabs. 1, 6 -8, 11 -12, 27, 35-38)

Paraceratherium zhajremensis, Lucas and Bayshashov, 1996; 540 — 545, Fig. 2
Puaraceratherium tianshanensis, Zhang, Abuduresule, Liu et af ., 1997; 18 —27, Figs. 1-2 ~

Néotype: TP 9401, skull, mandible, C1 —C7, T1 —T17, Lml — Lm3, left 1 — 17 ribs, right 1 -2,
11 ribs, of the same old individual (~33 years old, vide infra), found from upper part of Taoshuyuénzi
Formation at a loczality ~1 km west of Feiyue Railway Station (possibly IVPP Loc. 64081), Late Oligodene.
Other referred specimens: 1) Turpan Basin, upper part of Tacshuyuanzi Formation, Late Oiigq‘é:ene:
TP 9402, right tibia, fourid together with the neotype; TP 9403, right MclIl, exact locality unknown; V
3194, left P4 — M2, from near Feiyue (donated by Xinjiang Bureau of Petroleum); V 3195. 2, right
humerus, IVPP Loc. 64080; V 3196, PhI— III in association with distal end of right MtIV and PHI — 1T of
middle digit, IVPP Loc. 64081.4; V 3300, Phl —III in association with distal end of right Mell (or
Mtl1?), IVPP Loc. 64081.4; V 3303, right tibia with both ends of fibula, IVPP Loc. 64082. 2) West
slope of Qianlishan Mountains, Nei Mongol, IVPP Loc. 78018, 8 km southeast of railway st_atibn of Taositu
on east bank of Huanghe River, from upper part of Ulanbulak Formation, late Early — early Late Oligocene:
V' 3305, anterior part of right horizontal ramus of mandible, with p3— mi. 3) Atasui, middle Kazakhstan,
Late VOIigocene: KAN 2/632, posterior half of mandible, with talonid of ml and m2 - m3..

" Diagnosis: Differs from P. bugtiense (features in brackets) in: being larger {mandible 4/5 as long as
that of TP 9401); having very broad (APD) and transversely thick paroccipito-posttympanic process ( narrow
and thin); and a deep incisura vasorum on lower border of horizontal ramus antetior to the mandibular angle.
Differences from P. grangeri (features in brackets) are: 1) Height of condyle about 1/3 of that of occiput
(2/5). 2) Paroccipito-posttympanic process broader, with its posterior horder slanting anteroventrally
{vertically) and its lower end lying far lower than condyle (slightly). W of skull at paroccipito-posttympanic
processes greater than that at condyles {(about equally wide}. 3} Posterior border of nasal notch lying above
M1 — M2 (above P4 —Mi1). 4) Muzzle part of skull composed of the premaxilla and the anterior part of

maxilla reduced, becoming slender ;gnd short (robust and long); L from anterior horder of I1 to anterior
border of P2 equals that of P2 — M1 (equals P2 —M2). 5) Posterior border of ascending ramus of mandible
. approximately vertical (slanting posteroventrally), without prominent angle (angle prominent). 6) Upper
.dental formula 1°0+3+3 (1-1-0+4-3). 7) P2 triangular in outline (trapezoid), upper molars with clearly
- shown antecrochet (very weak) . 8) p2 highly reduced, single-rooted (large, double-rooted), entolophid fully
formed in p3 — p4 (entoconid partly separated from entolophid}. 9) Cervical vertebrae particularly
lengthened, L of C1 — C7 almost twice as long as that of skull {1.5 times), capita and vertebral fossae in
o C3— C7 much wider than high, dumbbell in shape, with deep notches at the middle of upper border (slightly
=" wider than high, oval, shallow "rhidd_fe notch). 10) Spinous processes of thoracic vertebrae particularly high
“ . and wide ( comparatively low and slender), with very wide V-shaped rough areas on tops { narrower).
11) Limb bones may be short and thick (iérlger and slender), proximal widths of tibia, MeIll and MtIII
more than 1/3 lengths of these bones respectively (less), narrowest portions of MclIl and MtIII in the middle
1/3 (at the level between the upper and middle 1/3).

(1) Description and Comparison

1) Specimens kept in Turpan Museum (TP 9401 — 9403)

TP 9401 ' '

Skull (PL. XXIV, XXV 3— 5; Tab. 1): The skull is laterally comnpressed. with its premaxilla and I1
- 321 -



destroyed during excavation. M1 is worn to the crown base, and M3 is in its middle wear stage.

Occipital view (Pl. XXV 3): It is bell-shaped, with its upper border being arched. Horizontal part of
oceipital crest is very rough, forming a rather wide band, attenuating bilaterally. Under the middle part of the
oceipital crest there is a deep depression of triangular form {not fully prepared), width of which at upper
border measures 70 mm. The widest part of the upper half of the occipital surface lies at the level of the lower
border of the depression, measuring 210 mm. The lateral border of the occipital surface becomes concave
below this widest part. The surface below the depression strongly bulges, forming a two-sided, wide and
rounded ridge. The condyle is about equally high and wide, both being about 104 mm. The linea divisa
condyli {vide Flerow. 1957} is rather clearly shown, stretching laterally and upward. The foramen magnum
is rectangular in form, 80 mm wide and 110 mm high. No sagittal notch on the upper border of the foramen,
instead a pointed projection is present. The width of both condyles is 270 mm, while the widest part of the
occipital surface, which lies slightly above the level of condyle, measures 300 mm.

Dorsal view (Pl. XXIV 2, XXV 4): The occipital crest is convex, forming almost a semicircle, seen
from above. A sagittal groove is present on the parietal portion of the skull, 20 mm wide, extending
anteriorly to the level of the glenoid cavity. The groove is bordered bilaterally by a pair of prominent ridges,
the narrowest width of which is 55 mm. Bilateral to the ridges is a pair of lines for attachment of temporal
muscles, the narrowest width of which is 95 mm. The sagittal part in the frontal portion is clearly bulged,
bordered bilaterally by a pair of depressions extending antcriorly onto the posterior part of the nasals, probably
for the attachment of the m. levator nasolabialis. The postorbital tuberosity is not prominent, and the
supraorbital one is broken, but probably developed. The fronto-nasal suture is W-shaped, with the depth from
the anterior sagittal point to the posterior- most part of the base measuring about 50 mm. The distance from
the anteiror sagittal point of the fronto-nasal suture to the occipital crest is 605 mm. The width of the nasals
at the level of the posterior end of the nasal notch is 120 mm. The distance from occipital crest to the anterior
horder of the 11 is cstimated as 1290 mun. The width at the supraorbital tuberosities is 320 mm {lesser than
actual one because of lateral compression of the skull). The premaxilla extends posteriorly toward the mesial
side of the maxilla {Pl. XXV 4 pm), with its posterior end reaching the level of the infraorbital foramen. The
left and night premaxillaec converge anteriorly and united at the level 50 mm anterior to the P2. The muzzle
part was destroyed during the excavation {according to recollection of some participants). The part of the
muzzle anterior to the dashed line (Pl. XXV 4) is thus restored in plaster.

Lateral view (Pl. XXIV 1): The profile of the parietal-frontal region is slightly concave, while the nasal
slightly ascending anteriorly. The occipital crest overhanges little over the occipital surface, still lying anterior
to the condyle. The lateral part of the occipital crest stretches downward onto the lateral side of the
posttympanic process. The paroccipito-posttympanic process is very large: 200 mm high, 83 mm thick
{transversely), 170 mm long {(APD) at upper side, and 120 mm long at lower end, which lies 80 mm below
the condyle. The posterior part of the zygomatic arch ascends sharply, with the lateral surface of this part
roughened. No clear postorbital tuberosity is visible. The anterior border of the orbit lies above and slightly
posterior to the anterior border of the M3. The nasal notch is deep, extending posteriorly close to the orbit,
lying above the middle of M2. A lacrimal tubercle is scen at the antcrosuperior border of the orbit. The
infracrbital foramen is round, 25 mm high and 20 mm long, situated above P4 — M1, 105 mm away from the
posterior end of the nasal notch, horizintally measured. The lateral border of the nasal bone turns downward.
The posterolateral part of the nasal expands onto the facial part, forming a branch lying below and posterior ©
the nasal notch. The cross section of the nasal is bean-shaped (Pl. XXIV 3). Anterior to P3 the premaxilla
lies above the maxilla, becoming thickened transversely, reaching 43 mm in width. The premaxilla-maxilla
suture descends anteriorly, ends 80 mm anterior to the P2. The premaxillar body is roughly horizontal in
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I;remaxillae‘ L from anterior border of I1 to0 P2 is 270 mm, while that from posterior border of 11 to P2 is 230

The meastrements not included in Tab. 1 are (in mm): Distance from posterior border of postglenoid
process o posterior border of condyle, 280; from posterior border of condyle to anterior border of orbit, 750
TOrm postenor border of condyle to posterior border of M3, 685; from occipital crest to broken point of nasal,
845;  from occipital crest to posterior border of nasal notch, 710; from posterior border of condyle to P3,
10503 to M2, 880; from posterior border of nasal notch to anteiror border of 11, 580; and height from the
most convex part of nasal to alveolar border, 385. :

7. Upper teeth (Pl. XXV 5, Tab. 38): Il is missing. The 11 shown in Pl. XXIV 1 is a restored éne in
f;laster. The upper cheek tooth seties lacks a P1. P2 is triangular in crown outline, with its buccal wall
nvex. Parastyle and parastyle fold are almost mvisible. Metoloph is thin in middle part, but -t}’ﬂck and
@vex at lingual end. Medifossette is small and round in form, and the medisinus is very shallow. The
anterior cingulum is obliterated due to wear, ‘but the lingual cingulum is well developed. The buceal cingulum
s complete, ascending toward crown surface at posterior end. The conwexity of the buccal .,v's;all of P3 is
weaker than that of P2. Protoloph stretches lingually and posteriorly, while metaconule is semilunar in frotmn,
widely connected with ectoloph, but thinly with anterior part of hypocone. Medifossette triangular in form,
e}nd the outlet of medisinus is narrow and pointed. The lingual cingulum is complete and well developed,
gscending posteriorly. The buccal cingulum is weakly W-shaped. The buccal wall of P4 is flat, while the
‘in'gual wall is rounded. The metaconile is thicker than that in P3. The medifossette is irregularly triangular

n form, with weakly expressed crista. The medisinus is shallow. The buccal cingulum is similar to-that of
P3. The anterior cingulum is clearly shown in its buccal half, but weak and thin in lingual half. The anterior
paf[ of the lingual cingulum forms a tubercle, while posteriorly the lingual cingulum becomes confluent with
he posterior cingulum.

M1 is heavily' worn, with a shallow anterior constriction fold of hypocone and rounded trangular
tnedifossette. The buccal cingulum is W-shaped, with its middle peak low and rounded. The lingual cingulum
s only seen at the outlet of the medisinus. The buccal wall of M2 is flat. The parastyle, parastyle fold and
aracone rib are closely situated. The antecrochet closes the medisinus, and forms a closed medifossette at the
crown base. The lingual side of the protoloph is round, with weak anterior constriction fold. The lingual side
of the metaloph is natrow, with clear anterior constriction fold. The anterior cingulum ends lingually at the
é'nterolingual angle of the protocone. The weak lingual cingulum is present only at the outlet of the medisinus.
: The posterior cingulum is high and prominent, but separated from the ectoloph by a deep notch. The buccal
- cingulum is W-shaped as well. The parastyle, parastyle fold and paracone rib of M3 are all very prominent.
The posterior constriction fold of protocone becomes clearer towards its base. No clear houndary is visible
between the ectoloph and metaloph. The ecto-metaloph is curved. A tubercle is present at the posterior part of
the outlet of the medisinus. The anterior cingulum is very wide, while the lingual cingulum extends to the
- lingual side of the hypocone. The buccal cingulum begins posterior to the paracone rib, strengthening
- posterolingually, and ends posterobuccally to the hypocone.

i Based on a skull (V 4322), Xu and Wang (1978) established a new species, Paraceratherium lipidus
(corrected as P. lepidum , vide infra). Judged from Zhai’s description (1978), this skull could be collected
from the upper 100 m of the Taoshuyuanzi Formation in the same small area as TP 9401 did. The skull is now
oh exhibit at the Bejjing Museum of Natural History. V 4322 is close to TP 9401 in size (Tab. 1). They are
similar in the morphology of occiput, paroccipito-posttympanic process and M2 — M3, in the posttion of nasal
notch and orbit, ete. However, V 4322 differs from TP 9401 in having narrower space between the paired
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parietal ridges and stronger lingual cingulum in M2 — M3 (Xu and Wang, 1978, Pl. 12, 4). Unfortunately,
V 4322 lacks its muzele part, so that the most important part of the skull can not be directly compareq
between these two specimens.

Although similar to TP 9401 in a numnber of features (sagittal crest, occiput, loss of P1, P2 morphology,
etc. ), the holotype skull of Drzungariotherium orgosense differs from TP 9401 widely in having much mare
reduced muzzle part with atrophied I1, very much widened paroccipito-posttympanic processes, more
posteriorly retreated nasal notch, etc.

Mandible (Pl. XXVI, Tabs. 35—36): The lower border of the mandible is rather straight from below
the p4 backward until to the point slightly posterior to the anterior border of the ascending ramus. Anterior to
the straight part the lower border is deeply concave until to a point slightly posterior to the hase of the il. The
straight part is posteriorly bordered by a wide and deep concavity, possibly corresponding to the incisurs
vasorum in horse, anterior to the narrow angle of the mandible. The lateral surface of the horizontal ramus is
flat, but the medial surface is convex. In dorsal view, the symphyseal part is narrow and short, suddenly
narrowed anterior to the p2 (Pl. XXVI 3}, with its posterior border lying at the level of the middle part of
the p4. Its lingual surface is trough-like, deeply concave transversely, but slightly convex longitudinally. The
alveolar border anterior to the p2 is blunt first, then becoming sharp and steeply downturned (Pl. XXVI 1).
The lower border of i1 remains slightly higher than the straight part of the lower border of the mandible. The
mental foramen lics below the p2.

The lower half of the posterior side of the ascending ramus is very wide and roughened (Pl. XXVTI 2),
facing posterolaterally, with its widest part lying at the lower end. This rough area serves obviously as the
attachment of the m. sterno-massetericus (the lower branch of the m. sterno-cephalicus). The postcotyloid
process (Pl. XXVI 2 ¢) is prominent, articulating with the postglencid process of the skull by its mesial
surface. The anterior side of the ascending ramus is mostly sharp. The coronoid process is short, with its base
very wide but the top posteriorly curved and pointed. The mandibular notch between the coronoid process and
the condyle is wide and shallow. The condyle forms a semicylindrical beamn slanting slightly downward and
medially. The masscter fossa is rather large, but shallow. The mandibular foramen is voluminous, with its
posterior groove stretching toward the lower part of the condyle.

The measurements not included i Tab. 35 are (in mm): horizontal I. of il — p2 diastema, 95; H of
horizontal ramus under the posterior half of the m3, 180; D between m3 and the posterior border of ascending
ramus, 290; Min H of ascending ramus, 370; H of cortonoid process, 100; W of articular surface of condyle,
205; Max W of rough surface for the m. sterno-massetericus, 85; Max H of symphysis, 88; and H of il
alveolus, 63.

Lower teeth (Pl. XXVI 1, 3—7; Tabs. 35—36): Seen from lateral side, the lower border of the il is
about horizontal, while its upper border slanting downward anteriorly. On lingual side there are two ridges
converging anteriorly. The mesial cingulum is very prominent, forming a tubercle at the posteroventral corner
of the tooth (Pl. XXVI 4). The cross section of the il is oval, with its longer diarneter lying in superolateral-
inferomesial direction. The p2 is very small, single-rooted, but the lingual side of the root is grooved. The
crown surface is triangular in outline, anteriorly pointed (Pf. XXVI 7). The paraconid is afready separated,
while the talonid groove is formed by the posteromedial ridge of the metaconid and the entolophid. Both
buccal and lingual cingula are well developed. The crown surface of the p3 is trapezoid, double-rooted. The
posterobuccal angle of the protoconid is blunt. The lingual cingulum is complete, while the buccal one is well
developed and weakly W-shaped. The p4 and ml are heavily wom. In m2 the talonid is half closed by weakly
developed lingual cingulum, while the buccal einguium is more developed, but only very slightly W-shaped.
The crown surface of the m3 is the best preserved one among the lower cheek teeth. The paralophid is

+ 324 -




~ comparatively thin, but with a strong bulging in its middle part so that the trigonid basin is blocked here when
heavily womn (Pl. XXVI 6). The talonid is very long relative to the trigonid, bordered by a crested lingual
“cingulum and the ridges descended from the metaconid and entoconid. The posterior part of the buccal
“'-cingulum is only weakly developed, while the posterior cingulum is well developed, forming a convexly curved
“line. ©
-As stated above, the mandible of TP 9401, especially its symphyseal part, is very close to the holotype of
“Paraceratherium bugtiense and the specimen AM 26166 of P. grangeri {(Granger and Gregory, 1936 ,_,-‘;Fig,
“4A-B; Pl. XXII 1 in this volume). The features commonly shared by TP 9401 and the holotype of P.
‘Bugtiense, but not by AM 26166 of P. grangeri, are: 1) The posterior border of the ascending ré}nus is
vertical, without a prominent mandibular angle. 2) The anteriorly positioned mental foramen be_lBW and
‘anterior to the p3. 3) The highly reduced and single-rooted p2. F

: It is highly interesting to note that the posterior part of a mandible (KAN 2/632) described by:_Lﬁcés and
; Bayshashov (1996 ) as a new species of Paraceratherium , P. zhajremensis, is almost identical with that of
TP 9401. This is not only clearly shown in the morphology of m2 —m3, but particularly so in the presence of
- wide and deep notch (incisura vasorum) on the lower border of the horizontal ramus éﬁteriof to the
mandibular angle.

Atlas (Pl. XXVII 1, Tab. 6): The atlas is completely preserved. The part containing the anterior
- articular cavities is very much antetiorly protruded, about 90 mm away {rom the anterior border of the wing.
The alar notch forms an obtuse angle. The anterior border of the dorsal arch bears a shallow U-shaped sagittal
rotch, bordered bilaterally by a pair of prominences. Together with the rough area lying behind, the
“prominences form a triangular rough area representing the spinous process, which ends roughly at the
: boundary between the anterior 2/3 and the posterior 1/3 of the dorsal arch. The paired posterior articular
acets form a wide curve, which is wider than the anterior articular cavities, seen from above. The dorsal arch
“ends posteriorly 10 mm anterior to the posterior articular facets, instead of being at the same level as the latter
Pl. XXVII 1a). The intervertebral foramen (Pl. XXVII 1a) is situated slightly anterior to the level'of the
anterior border of the wing. :

The wings are rather long anteroposteriorly, implanted obliquely relative to the central part of the atlas,
with its dorsal surface facing upwa}fd and posteriorly. The anterior border of the wing is very short and slants
“backward, confluent with the lateral border, forming a smooth curved line, thickened and roughened
posteriorly. A short groove links the alar notch with the intervertebral foramen. On the posterior side of the
"'wing, at the upper 1/3 of and close to the lateral border of the posterior articular facet, is the small posterior
-orifice of the vertebrarterial canal. The ventral side is perforated by the foramen alare inferior at the
" anteromesial corner of the wing (Pl. XXVII 1b).

- The Max projected L is 315 mm, I at the anterior articular cavities ts 215 mm.

So far only a few specimens of atlas are known in paraceratheres: two more or less complete ones for
“Aralotherium prohorovi., one complete for Paraceratherium bugtiense , and one for P. asiaticum. The atlas
7.-‘of P. bugtiense (Forster-Cooper, 19244, .Figs. 1-2; Fig. 16 in this volume) is very peculiar in form and
j:_-'differs widely from others. lis wing is particularly narrow transversely, the alar notch is deeply incised, the
“posterior orifice of the vertebrarterial canal has shifted upward to the dorsal side of the wing, and a péir of
arge tuberosities are developed at the anterior margim of the dorsal arch. It is important to note that similar,
but smaller, tubercsities, are also found in TP 9401, but not in other forms. The atlas of A. prohorovi is
Iso quite different in form. In this species, the anterior part containing the anterior articular cavities is
urther protruded relative to its wings, the intervertebral foramen is very large and posteriorly shifted, the
wing is more or less widened laterally, and the vertebrarterial canal is already considerably inflated (Gromova,
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1959, Pls. V — VI). According to Gromova, in P. asiaticurn the posterior opening of the vertehrarteis]
canal is situated lateral to the posterior articular facet, the vertebrarterial canal is only slightly inflated, the
anterior border of the wing is directed laterally and slightly posteriorly, but the alar notch forms an acute angle
(Gromova, 1959, p. 35). Taken as a whole, TP 9401 is more similar to that of P. asiaticum in general |
with the only difference in the acute angled alar notch in the latter. TP 9401 is similar to P. bugtiense iy
having a pair of anterior prominences on dorsal arch, though weaker, but otherwise the two forms are quite
different. TP 9401 is similar to A. prohorovi only in the widening of the wing and the confluent anterior and
lateral borders; otherwise they differ widely.

Axis (PI. XXVII 2): The body of the axis is very elongated, with a long and pointed odontoid process.
The paired anterior articular facets inversely conform to the posterior ones of the atlas. The vertebral fossa is
shallowly concave, and takes the form of a dumb-bell with its middle parts of the dorsal and ventral sides
slightly concave (Pl. XXVTII 2e). The ventral side of the body is weakly concave in its anterior 2/3, with a
weakly expressed mid-ventral keel in its posterior 1/3 (Pl. XXV1I 2¢). The spinous process is not very high,
but very thick transversely. Tts dorsal side is roughly lozenge-shaped, with its anterior end forming an arrow-
head. Posteriorly, the dorsal side is gradually widened, reaching the maximum width at the posterior end of
the anterior 2/3 of the total length of the axis, then sharply narrowed down. The sagittal portion of the dorsal
side is sunken, bordered by a pair of prominences at the widest part of spinous process and & pair of sharp and
narrow ridges in the posterior 1/3 of the process (Pl XXVII 2a). In lateral view, the spinous process has a
deeply concave anterior border, making the anterior end of the dorsal side pointed and overhanging the
anterior articular facets. The dorsal side forms a gently arched curve at the anterior 2/3, suddenly dropped
down at this point and then sloped gently until to its posterior end of the postzygapophysis, which extends far
away posterior to the axis body (PL. XXVII 2b). The vertebrarterial canal ( = canalis transversariug) is very
long, situated in the middle part of the body. Both of Itb anterior and posterior openings are large. The
transverse pracess is small, begins at the middle part of the vertebrarterial cannal, then extends
posterolaterally, forming a slender posterior process (Pl. XXVII 2c).

Some of its measurements are (in mm): Total L, 660; Max H, 340; L of body + odontoid process,
380; L of odontoid process, 110; W of anterior articular [acets, 300; W of vertebral fossa, 220; Max H of
it, 145; H at its middle part, 120; Max W of axis with transverse processes, 335; Max W of spinous
pracess, 160; Min L of vertebrarterial canal, 125.

The axes of paracerathere are very poorly known. The axis described by Granger and Gregory(1936) as
Baluchitherium grangeri (AM 26390) has turned out to belong to Urtinotherium parvum (vide supra ).
Compared with it, TP 9401 is much larger (660 mm versus 486 mm of total L, ctc. ). Morphologically they
are also different. In AM 26390 the dorsal side of the spinous process ascends more steeply in its anterior 2/3
and its climax is situated above the anterior part of the postzygapophysis, whereas in TP 9401 the profile is
almost horizontal and the climax is situated anterior to the postzygapophysis. Secondly, in AM 26390 the
posterior 1/3 of the spinous process is ridge-like, whereas in TP 9401 it is trough in shape. Furthermore, its
vertebral fossa is roughly oval in shape, whereas in TP 9401 it is durnb-bell in shape. The preserved anterior
part of the axis of Aralotherium prohorovi (Gromova, 1959, PL. VII 1) is rather similar to that of TP 9401,
but is certainly samller than the latter.

C3 (PL. XXVIIT 1, XXIX 1; Tab. 7): The caput of the body takes the form of 2 broadened dumb-bell,
with its H at lateral side 132 mm and 105 mm at the middle. It is strongly convex centrally, with its lateral
portions being rather {lat. The vertebral fossa has the same form, but concave, W of which reaches 230 mm,
lateral 11 130 mm. The ventral side of body is longitudinally concave, but flat transversely, with a weak mid-
ventral keel in the anterior 2/3.
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In dorsal view, the plate formed by the pre-and postzygapophyses forms roughly an elongated rectangle.
prezygapophyses do not go beyond the caput, with deep and wide notch between. them; while the
stzygapoPhyses extend 90 mm further backward than the vertebral fossa, and the notch inbetween is
vered by the posterior end of the spinous process. The articular facet of the prezygapophysis faces upward
d sligﬁtly mesially, while that of the postzygapophysis, downward, slightly laterally and posteriorly (PI.
XXVIIL 1a—b). The angle formed by the planes of the pre-and postzygapophyses is about 10° (Pl. XXVIII
" The dorsal surface of the part of the neural arch between the pre-and postzygapophyses is flat or We;akly
ncave and bears a number of nutrient foramina. The spinous process is very low and crested, mdemng
steriorly, with its dorsal side covered by irregular crests and rugosities.
The transverse process is bifid. The anterior branch is long and plate-like, with its distal end bemg
trongly rugose. It extends anteroventrally and slightly laterally. The posterior branch is very short and
ted, extending principally laterally. The two branches are linked by a strongly curved lateroventral ridge.
_‘e vertebrarterial canal is 185 mm long, with its anterior opening located 46 mm posterior to. the anterior
rder of the caput, and the postetior opening 129 mm anterior to the lateral border of the vertgbral fossa. -
Some measurements of the C3 not included in Tab. 7 are (in mm): L of body measured from the caput
itre, 445; Max W at posterior branch of transverse process, 400; W at anterior branch of transverse
rocess, 375; L of anterior branch of transverse process from base to tip, 108. ) |
C4 (Pl. XXVIII 1, XXIX 1; Tab. 7): Its form is very close to that of C3, but differs in a few points.
shorter and wider than C3 (Tab. 7), more clearly shown in dorsal view (Pl. XXVIII 1b). Its spinous
ocess is lower and narrower than that in C3. The articular facet of the prezygapophysis faces not. only
yward and slightly mesially, but also slightly anteriorly, so that it is about parallel with that of the
stzygapophysis, although both are oblique to the dorsal surface of the neural arch. Both branches of the
ansverse process are better developed than in C3 (Pl. XXVIII la—b), and the vertebrarterial canal is more
flated as illustrated by its larger anterior and posterior openings. Max W at posterior branch of transverse
process is 480 mm. '
5 (Pl. XXVIII2, XXIX 15 Tab. 7): It is further shortened, shorter than C4 (‘Tab. 7). The caput is
ore convex, especially in transverse direction, but with a weaker concavity at the middle of the uppér
tder. Both pre-and postzygapop}fyses are larger, and their articalar facets are bean-shaped and diagonally
¢riented. The median notch between the prezygapophyses is more or less V-shaped, rather than wide U-
shaped as in C3— C4. The spinous process is present only in the anterior half of the vertebra. The anterior
anch of the transverse process is more developed than in C3 —C4, but the posterior branch is narrower and
0ore pointed. Otherwise the C5 is similar to C4.
o C6 (Pl. XXVIII2, XXIX 1; Tab. 7); It is shorter than C5 (Tab. 7). In dorsal view, the plate formed
: bY the pre-and postzygapophyses are trapezoid in form if the median notches between the zygapophyses were.
not taken into consideration. The trapezoid is wider than long and narrowed posteriorly, and the median
7:';16;tches are particularly wide (Pl. XXVIII 2b). The transverse process is bifid, separated not into anterior
alld posterior bi'anches, but into horizontal and vertical ones, both of which are more or less plate-like. The
ﬁ:}';per or horizontal branch slants slightly downward. The lower or vertical branch is plate-like and thin, only
Véry weakly separated into anterior and posterior lobes. A plate of irregular form links the horizontal and the
ertical branches at their anterior bases. The verterarterial canal is short, but inflated. Its posterior opening is
er (85 mm) than high (50 mm), and bordered below by a horizontal plate, which is the posterior
-extension of the plate linking the horizontal and the vertical branches.
C7 (Pl XXVIII3, XXIX 1; Tab. 7}: C7 is the shortest of the cervical vertebrae (Tab. 7). The caput
wider than high, and semispherically convex. The vertebral fossa is deeply concave, bean-shaped, without
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clear median notch on its upper border, but that on the lower border being more or less clearly expressed. In
dorsal view, the width of the prezygapophyses reaches 500 mm. the widest among all the cervical vertebrae.
The planes of the articular surfaces of the pre-and postzygapophyses are subparallel, strongly oblique relative
to the long axis of the body. The transverse process is column-like, extending slightly downward. Neither
vertebrarterial canal nor posterior facets for the articulartion of the first ribs are present.

The total L of the mounted 7 cervical vertebrac measured from the anterior-most point of the atlas to the
upper border of the vertebral {ossa of the C7 is 2440 mm. The estimated length of all the cervical vertebrae,
minus 270 mrn (the extra spaces between the vertebrae left in the mounted skeleton), is about 2170 mm.

Very [ew articulated and complete cervical vertebrae of paraccratheres have so far been described. The
better material may be the G4, C6 and C7 of Paraceratherium grangeri reported by Granger and Gregory
(1936). Comparcd with that of TP 9401, the C4 of AM 26168 (loc. ciz., Fig. 8) is not only smaller and
proportionally wider (Tab. 7 ratic 1}, but dillers also in morphology. The caput (and the verrebral fossa) in
C4 of AM 26168 is about semicircular in outline, with its upper border more or less straight and lower border
strongly convex, while that in TP 9401, dumb-bell in shape. Further differences of the cervical vertebrae of
T 9401 {rom those of P. grangeri (featurcs in brackets) can be pointed out as follows: The two branches of
the transverse process in C4 are well separated (little differentiated), the posterior branch is much smaller
than the anterior branch (not so much smatler). On the other hand, the transverse process in C6 is bifid
(clearly trifid; loc. cir., Fig. 9). The C7 is longer (shorter; loc. cit., Fig. 10).

Of the matcrial of Paraceratherium bugtiense there are only a C3 (or C4) and a fragmentary C6
(Forster-Cooper, 1924a). Compared with those of TP 9401, the C3 (or C4) is smaller, but with a very
inflated vertebrarterial canal expressed by the large anterior and posterior openings of that canal (loc. ciz.,
Fig. 5). The C6 described by Forster-Cooper (loc. cit., Figs. 6 —7) has a bean-shaped caput, with little
expressed median notches on upper and lower borders, while in TP 9401 the capurt takes the form of a dumb-
hell. Furthermore, the vertebrarterial canal in the C6 of the former form is so inflated that the vertebra
becomes totally hollowed as illustrated in Forster-Cooper’s Fig. 7, which is certainly not the ease in TP 9401.

The cervical vertebrae of Aralotherium prohorovi are poorly known because of the poor state of their
preservation. Taken as a whole, the cervical vertebrae of Aralotherium prohorovi arc smaller (Tab. 7) and
possess morc inflated vertebrarterial canals than those in TP 9401, as stated by Gromova (1959) .

Thoracic vertebrae (Pl. XXIX 2). Altogether there are 17 preserved, most ol which are apparently
associated, and T1—T3, T4 - T5, T6 — 18 and T9 — T10 are still adhered together. Since all of the thoracic
vertebrae are fixed in the mounted skeleton, it is not possible to picture themn separately, although closer
observation is generally allowed.

The thoracic vertebrae can be summarily deseribed as a whole as follows:

The L’s of the bodies change little. The body of T1 is the longest, shortened slightly backward to T3,
and from then on the L’s of the bodies become more or less constant, varying between 95 — 115 mm. The L’s
are as follows (in mm): T1: 145, T2: 130, T3: 125, T4: 110, T5: 110, T6: 115, T7: 100, TR: 95,

T9: 100, Tt0: 90, Tli: 115, T12: 110, T13: 105, T14: 100, T15: 95, T16: 100. The bodies of the

anterior several T's are broad and low, becoming natrower and higher backward. At least the body of the TD
is still wider than high.

“The transverse processes in the anterior several T's are very robust, making the vertebrae particularly
wide, but diminish rapidly until T5. The Max W of T1 is 510 mm, while that in TS, 310 mm. The T's
posterior to the T5 remain more or less cqually wide. The mammillary tubercles on the prezygapophyses
appear from the T3, and become very high and prominent fraom the T10 posteriorty.

The cranial costal facets are confluent with the facets articulating with the tubercles of the ribs on the
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entral sides of the transverse processes in T1, otherwise both cranial and caudal costal facets are normally
feveloped in majority of the T’s-except for the last'several T's, where possibly only the cranial costal facets are
.resent The costal facets are situated highest in the middle T's, shifted lower both anteriotly and posteriorly.
e caudal costal facets are situated at the ventral horder of the vertebral fossa in T1, shifted upward
steriorly, already at the upper border of the vertebral fossa in T5.

' All the spinous processes are high and robust, especially in the anterior T’s. They dlarit postenorly,
hus, no diaphragmatic vertebra is present. On the lower 2/3 of the anterior sides, median ridges are formed,
ecoming sharper and crested posteriorly. The spinous processes are particularly high, all around 550 mm
igh, in T1—T5. They become gradually shorter posterior to the 'T5. The shortest spinous process is higher
han the height of the body in posterior T’s. The spinous process of T1 is the widest and thickest/ They
ecome narrower and thinner posteriorly. ' -

" The following is a brief description of some of them separately.

T1 (Pl. XXIX 12, Tab. 8): The caput is smaller than that of C7, strongly convex, kldney—shaped
twith its upper border slightly concave. The vertebral fossa is wider than the caput, and bordered by a pair of
ound facets articulating with the heads of the second ribs (caudal costal facets). The prezygapdi)hysis is very
obust, flaring widely upward and laterally. The articular facet on it is more or less rectangular in form, 125
mm wide and 120 mm long. The facet is weakly convex, facing upward and anteriorly. The transverse
birocess is very robust, extending slightly downward, with its cross section being rectanéula.r, 140 mm long
and 85 mm thick. Its lateral surface is rugose, while its ventral side is concave, with a large surface
drticulating with the tubercle of the first rib. No cranial costal facets are present in the anterior part.-of the
ody or at the borders of the caput. The spinous process is extremely long and robust, 550 rmm long measured
rom the top of the vertebral canal, and 185 mm wide at its base, slanting backward. The process becomes
“gradually widened upward, reaching 245 mm wide at its tap. It is deeply excavated posteriorly, thus the cross
ection of the process forms a two-sided angle, which is about 120° at the base. The median ridge on the
af;terior surface of the spinous process is clearly shown in most part of the anterior side, fading out only at the
ppertmost part. The top of the process is very rough and thick, 70 mm at the thickest part.

 T2: Itis similar to T1 in morphology. Max W of T2 at the transverse processes is 480 mm. The costal
acets face mainly downward, L of‘"'body: 130 mm; W of caput: 190 mm, with cranial costal fac'eis,' 200
mm; while W of vertebral fossa with caudal costal facets: 340 mm. H of spinous process measured from the
pper border of the transverse process 530, with its top 110 mm higher than that of T1. o
o T3: Lof body: 125 mm. Max W of T3 at the transverse processes: ~—400 mm. The caudal costal facets
- are separated from the vertebral fossa and situated in the upper half of the body, facing posteriorly and
laterally. W of vertebral fossa: 180 mm. The top of the spinous process is 90 mm higher than that of T2, and
- its W 195 mm. :

T4 (Tab. 8): W of caput without cranial costal facets: 170 mm. The transverse process is situated

" posterior to the caput. The spinoué process is the highest of the thoracic vertebrae, with its top 110 mm
higher than that of T3. The total H of T4 from ventral side of body to top of spinous process: 720 mm.
_ T5: L of body: 110 mm; H of vertcbral fossa: 150 mm; and Max W of TS at the transverse processes:
-.-310 mm. The caudal costal facets are situated at the upper border of the vertebral fossa. Top of spinous
. Process is 60 mm higher than that of T4. The highest point of the skeleton is at the tops of the T4~ T3,
: where the H taken from ground to the tops of the spinous processes is 3730 mm. -
- T6 — T13: From T6 backward the spinous processes become gradually shorter and thinner, and the slant
becoming stronger. From the T9 backward the tops of the spinous processes become more robust than the
parts immediately below them. The transverse processes are smaller and rode-like.
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T14 — ¥16: They are heavily plastered so that no useful information is afforded.

Posterior to the T16 there are three other vertebrac, even more heavily plastered, without transverse
processes preserved, nor ribs attached to them. It is difficult to determine whether they are thoracic or lumbgy
vertebrae based on such a poor state of preservation.

The T1 is the best known among the paracerathere thoracic vertebrae. Borissiak, Forster-Cooper ang
Granger and Gregory described the T1's ol Paraceratherium asiaticum, P. bugtiense and P. granger;
respectively. All these T1's are smaller than that of TP 9401 (Tab. 8). Compared with other T1’s, that of
TP 9401 has wider body and vertebral foramen, and much more robust spinous process.

The T2 —T16 were described by Borissiak (1923b) for Paraceratherium asiaticum , and Granger and
Gregory (1936) for P. grangeri. All of them are smaller in size (Tab. 8), and have weaker spinoyg
processes, which are less deeply excavated posteiorly.

Ribs: Of the right side the ribs 1 — 16 and the 18" are original, but the 17 is a restored one.

Rib 1 (Pl. XXIX 3): It is fan-shaped, 700 mm in total fength. The head turns medially away from the
long axis of the shaft of the rib, whereas the tubercle is aligned with the shaft. The articular facets of the head
and tubercle are confluent into a larger one of dumbbell in shape, Max W of which is 128 mm. The narrowest
part of the rib immediately below the tubercle is 76 mm (APD), and the widest part of the rib at its distal end
is 235 mm, 55 mm thick.

Rib 2: It is oval in cross section (80 mm X 30 mm in middle part), distal end broader (110 mm % 55
mm)}. Rectilineal L of the rib: 745 mm, while its curvilineal I.: 800 mm.

Rib 3: The rib is strongly curved, with its head and tubercle well separated, but its distal end not
particularly robust. Rectilincal L of the rib: 1035 mum, while its curvilineal L: 1160 mm. W (APD) of
proximal end: 135 mm, at middle: 100 mm, 20 mm thick.

Rib 4: The proximal end is robust with large head and tubercle, 135 mm wide, 40 mm thick. The b
hecomes thinner distally, with its distal end being concave and roughened, 100 mm wide and 40 ram thick.
Rectilineal L of the rib: 1180 mm, while its curvilineal L: 1330 mm.

Rib 5: The rib remains plate-like. Its proximal 1/3 is 90 mm wide and 25 — 30 mm thick. Rectilineal L.
of the rib: 1370 mun, while its curvilineal L: 1590 mm.

Rib 6: The tubercle is small, and lying far away from the head. The cross section of the proximal half of
the rib tzkes the form of a comma, with its anteromedial border pointed and posterclateral border convex. The
tib becomes thinner distally. Rectilineal L of the rib: 1400 mm, while its curvilineal L: 1730 mm.

Rib 7: It is close to the rib 6 in morphology, but thinner in general. This is the longest among the ribs.
Rectilineal L of the rib: 1480 mm, while its curvilineal 1.: 1920 mm.

The ribs 7—9 are zhout equally strong and long. Posterior to rib 9 the shafts of the ribs become thinner
and shorter more rapidly backward, with the separation of the tubercles from the heads becoming wider. The
rib 17 is much more reduced than its preceding ones.

There is only one complete first rib of Paraceratherium asiaticum described by Borissiak (1923b). Itis
smalier than that of TP 9401; L: 600 mm, W of proximal end: 116 mm, and distal end: 188 rmen (700 mm,

128 mm and 238 mm in TP 9401). The only complete third or fourth rib of P. asiaticum , described by

Borissiak (1923b)}, is about as long as that of TP 9401, but apparently thinner in distal end (88 mm X 35 mm
versus 100 mm X 40 mm). The longest rib (rib 8) of P. grangeri, described by Granger and Gregory
(1936}, is about 1700 mm (ealculated curvilineal length based on Fig, 22, loc. cit.}.

TP 9402, right tibia (Pl. XXIX 4, Tah. 27): It was excavated from the same site of the skeleton, but
may not be of the same individual because of its younger age than that of the skeleton as cvidenced by the
partial coalesccnce of the distal cpiphysis with the shaft. The tibia is very short and robust, with its ends
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thuch wider than the middle part of the shaft. :

The medial condyle of the proximal end is shallowly concave. The lateral condyle is. broader, but shorter
in anteroposterior direction than the medial one. The intercondyloid eminences are low, with a narrow and
shéllow medim groove. The tibial tuberosity is very wide, occupying about 2/3 width of the proximal énd,
swith itd lateral border close to the lateral border of the shaft. The groove lateral to the tibial tuberosity is very
shallow. The facet articulating with the fibula is located S0 mm underneath the proximal surface. :

* The shaft is roughly triangular in cross section, with its lateral border forming a crested ridge, postérior
side flattened and anterior side being convex. The distal end is relatively small. Its cross section is trapezoid in
shape, with a shorter posterior side. The tibial crest is only about 200 mm long, without reaching the’:distal
énd. On distal side the medial groove of the trochlea is deeper but narrower than the lateral one, W‘hich is
g‘hﬁch flatter and wider. The intermediate ridge slants posteromedially, with its posterior end further
downward extended than its anterior end. ' :

" TP 9402 seems to be shorter and comparatively more robust than most tibiae of known paraceratheres
cept for the EMM 0009 of Aralotherium sp. to be described later (Tab: 27). Morphologically, it is more
similar to that of P. grangeri than to P. asiaticum in having a shorter tibial crest and the unequally

developed trochlear facets and the more obliquely directed intermediate ridge.

TP 9403, right McIll (Pl. XXIX 5, Tab. 37): It was found in 1994 while e:.cc_avating the TP 9401
skeleton, but allegedly separately from the skeleton. The posterior part of its proximal end is damagéd (PL.
XXIX 5¢). In proximal view, the facet articulating with the magnum is fan-shaped, 135 mm wide at anterior
rder, while that for the unciform forms a narrow band, which is wider anteriorly (42 mm). In dorsal
w, The former facet slants slightly distomedially, forming a 140° angle with the latter facet. The
tacarpal tuberosity {for the attachment of the m. extensor carpi radialis) is only weakly developed under
he facet articulating with the unciform. The narrowest part of the shaft is in its upper 1/5, gradually
widening distally. The volar side of the shaft is concave, while the medial side slightly convex and the lateral
e flat. The upper borders of the distal trochlea on dorsal and volar sides are about equally high. The sagittal
ndge is mainly developed in the posterior 2/3 of the trochlea, but visible from the dorsal side. The anterior
rtion of the articular surface without sagittal ridge faces dorsodistally. A rather wide rough area encircles the
be: border of the trochlea on dorsal side. o

© As the TP 9402, the McIII of TP 9403 is closer to that of Paraceratherium than Aralotherium in
eral form, expressed in having its narrowest part in the upper part of the shaft {in the middle in
ralotherium ). However, in the flatness of the proximal articular facets and the posterior part of the sagittal
ge of the distal trochlea, TP 9403 is more similar to that of Aralotherium . Nevertheless, TP 9403 is the

ortest and the most robust one compared to the other Mclll's referved to Paraceratherium (Tab. 37).

2) Specimens kept in IVPP -

.. The [VPP matenal inéludes the specimens collected by Zhai ef af. in 1964, probably from the same level
the same area as the skeleton TP 9401. Most important of them are the following: )

V 3194, a left maxilla with P4~ M2 (Pl. XXV 1, Tab. 38): All the teeth are heavily worn. What is
ar is the presence of a large antecrochet and a narrow anterior protocone constriction groove in the M2,
aken as a whole, this specimen is close to the P4 — M2 of TP 9401. |
V 3195.2, a right humerus (Pl. XXX 1, Tab. 11): The humerus is basically complete, with only
hor parts damaged. It is very short and robust. The caput tilts backward, facing upward and backward. It

ider than long, strongly convex antercposteriorly, but little in transverse direction. In posterior view, the
per botder of the caput slopes slightly down laterally. The lateral tuberosity is weakly developed, not
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overhanging above the bicipital groove anteriorly, and with its upper border not higher than the caput. The
medial tuberosity is hardly noticeable.

The deltoid tuberosity is shifted downward, reaching the middle of the shaft. The lateral epicordyle is
very prominent, extending high and laterally. The medial epicondyle is small, hardly extending postetiorly.
The medial condyle of the distal trochlea is larger than the lateral one, and the blunt ridge of the lateral
condyle is situated in the medial 1/3 of the condyle. The intercondylar groove is shallow and asymmetrical.

Cornpared with the other known humeri of paraceratheres, V 3195.2 is proportionally the most robust
one, closer to that of Aralotherium (Tab. 11). In length it is closer to that of Paraceratherium bugtiense
but shorter than those of P. asiaticum and P. grangeri. Furthermore, V 3195. 2 is similar i
Aralotherium in having the weak curvature of the caput in transverse direction, but closer to
Paraceratherium in the morphology of the distal trochlea, especially in having a clearly expressed longitudinal
ridge on the lateral condyle.

The rest of the limb-bones, collected by Zhai and his colleagues in 1964 and referred to the present
species, are not very diagnostic and their description is omitted in this English summary. Nevertheless, part
of them is shown in Pl. XXX 2-3.

We note that a large number of limb-bones (altogether 45) collected by Zhai and his colleagucs in 1966
were already mentioned by Xu and Wang (1978) as belonging to P. [lipidus, unfortunately, without any
description and measurernents. Later, these specimens were transferred to the Beijing Museum of Natural
History. Among them only one right humerus (V 4328.1), which is raounted in the reproduced cast skeleton
of TP 9401, is available for us to study. The humerus (V 4328.1) is almost identical to the above described
humerus (V 3195.2).

3} Specimens from Qianlishan Mountains area

V 3305, anterior part of right horizontal ramus with p3 —mil (Pl. XXV 2, Tab. 36): The lower part
of the horizontal ramus is damaged, but it is clear that the ramus is rather high. Judged from the concavity of
the lower border below the mental foramen, which lies under the p2, the anterior part of the symphysis
should have been mainly anteriotly cxtended, possibly slightly downward. The posterior border of the
symphysis lies at the level of the middle of pd. Of the p2 only & fragment of root is preserved, which is
certainly single-rooted. The p3 i3 pointed anteriorly. The posterchuccal angle of the protoconid is rather ridge-
like and followed by a deep ectoflexid. The buccal cingulum is well developed and W-shaped, while the lingual
one 15 also rather developed. The pd is trapezoid in crown form. The buceal cingulum is as that in p3, but the
lingual one is broken at the metaconid. The buccal cingulum of m1 is also W-shaped, but weaker than in p4,

and the lingual one is almost absent.
(2) Discnssion

The genus Paraceratherium was founded ( Forster-Cooper, 1911 ) based mainly on the peculiar
morphology of the symphysis and the lower tusks of a single mandible, and the materials of these parts in
other large-sized paracerathere genera ( Indricotherium , Baluchitherium and Aralotherium ) were originally
either rather poorly preserved, or not in association with the skulls. This has been the major obstacle for
unravelling the relationships between these genera for a long time in the past. Being crucial to understanding
the relationships of these gencra, the discovery of an associated skull with mandible of a single individual,
such as TP 9401, is especially satislying.

In TP 9401, the morphology of the symphysis and the lower tusks is almost the same as the type species
of the genus, P. bugtiense. Similar type of the symphysis and lower tusks has been variously described
also in Indricotherium asiaticum ( = Pavlow's Indricotherium transouralicum , PIN n. 2029 ) and
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Baluchitherium grangeri (Granger and Gregory, 1936, AM 26166). Furtherraore, the skull of TP 9401 has
“an elongated premaxilla with down-turned upper tusks (although restored, probably a correct restoration,
vide supra) , just as the holotype skull of Baluchitherium grangeri and the muzze part of the skull of
g-;dric.‘oth@‘ium asiaticum , additionally described by Paviow (1922). This is in sharp contradiction against
he down-turned symphysis and the highly reduced upper muzzle part in Aralotherium (Borissiak, 1939),
_.d the strong reduction’ of both upper and lower muzzle parts in Dzungariotherium (Chiu, 1973). This
trongly proves that the materials referred to Paraceratherium (Forster-Cooper, 1911) and Indncotherzum
',(Bonssmk 1915), and possibly also Baluchitherium (Forster-Cooper, 1913), belong to one and the same
enus, and the latter two generic names are junior synonyms of the former.

As to its specific status-of TP 9401, it should be noted that the mandibile is closer to the type mand1ble of
). bugtiense in a number of commonly shared features, such as the vertical posterior border of the ascendmg
éfnus, the strongly reduced p2, the {ormation of the entolophids in p3 — p4, etc. However, TP 9401 is
enerally larger in overall size, with a deep incisura vasorum on the lower border of the ramus in ffont. of the
mandlbular angle, a feature not found in P. bugtiense. |

It appears rather difficult to deal with the skull material referred to P. bugtiense and. the postcranial
nes attributed to Baluchitherium osborni by Forster-Cooper in 1923 — 1924. Since both skulls described by
trster-Cooper (skull B and D) lack the muzzle parts, it cannot be sure whether they do possess elongated
- premaxillae with down-turned upper incisors as TP 9401 does, but the paroccipito-posttympanic processes are
ertainly much narrower (APD) and widely separated from the postglenoid one in these skulls. Futhermore,
he nasal notch of the skull B seems to be more posteriorly retreated, lying above the anterior border of the M2
Forster—CQoper, 1924b, Fig. 3). I these skulls really belong to P. bugtiense as Forster-Cooper suggested,
.f_'e validity of P. bugtiense as an independent species is to be admitted.

" Whether the postcranial bones of B. osborni are also to be referred to P. bugtiense as Gromova
iggested , is still problematic. Some of them are comparable with their corresponding bones in P. lepidum ,
specially the cervical vertebrac. As stated above, the atlas of B. oshorni has particularly narrow wings, the
orm of the alar notch and the position of the posterior opening of the vertebrarterial canal are also different
rom those of the atlas of TP 9401 However, the paired tuberosities on the anterior border of the dorsal arch,
5y characteristic of the atlas of B. oshorni , can also be found in TP 9401 atlas, though smaller in size. Other
ervical vertebrae of B. osborni are greatly hollowed by strongly inflated vertebrarterial canals, whereas the
ollowing in the cervical vertebrae of TP 9401 is moderately developed. The humerus of B. oshorni (Fig. 9,
o cit. ) is different from that of V 3195.2 in having a larger medial but smaller lateral tuberosity ( reverse
©©.in'V 3195.2), and in lacking the longitudinal ridge on the lateral condyle of the distal trochlea. The tibia of
. osborni has the same width at its proximal and distal ends, whereas in TP 9402 the proximal end is much
rider than the distal one (Tab. 27). In conclusion, it would be safe to say that the referred skulls of B.
itgtiense are basically close-to that of TP 9401 and could well be considered different from the latter at species
vel. However, it is hard to determine now whether the posteranial bones of B. asborn: should belong to the
same species as the better known mandible and skulls, i.e., P. bugtiense, or to another species, or even 1o
afiother genus. .

Compared with P. grangeri and P. asiaticum, P. lepidum is evidently more advanced and
specialized. This is clearly expressed in skull and teeth. In P. lepidum , the muzzle part is further reduced,
BCOmmg slenderer, with smaller {1; the paroccipito-posttympanic process becomes particularly robust, with
slower end far beyond the lower border of the condyle; the nasal notch is further posteriorly retreated,
ching the level of M1; P1 is completely lost; P2 takes the form of a triangle; and the antectochets are well
veloped in M1 —M3.
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Another problem pertains to the reason why we referred the ahove described specimens to P. Lepidum ,
rather than to other forms found from the same basin. As is well known, three forms were reported from the
same small area of the Turpan Basin, namely: Paraceratherium (or Dzungariotherium?) tienshanense, P
lepidum , end Dzungariotherium turfanense. In addition, a new form is to be established in the presen;
volume below, Turpanotherium elegans. Thus, altogether four species of large-sized paraceratheres lived iy,
this small area of Turpan Basin, Which form should TP 9401 befong to?

First of all, the new form, Turpanotherium elegans, is characterized by its particularly small size ang
high-crowned teeth, and thus could easily be excluded from further comparison with TP 9401.

Next is D. 7 tienshanense , which may also be a valid species, although the only material of this species
remains very poor (a broken M3 and a fragment of mandible with p4 — m2) and its stratigraphic position
remains uncertain. However, the teeth are much larger than those of TP 9401, in fact, larger than those of
all known paraceratheres (Tab. 36), and are higher crowned as well.

TP 9401 cannot be referred to Dzungariotherium turfanense either. The holotype of the latter species is
an anterior half of skull (V 4340; Xu and Wang, 1978, Pl. II 1). Based on the original description, the skull
has a very strongly reduced muzzle part, with its Il strongly atrophied. Furthermore, the skull is much
smaller than that of TP 9401, with its length of P2 — M3 being only 380 mm, only about 0. 88 as long as that
of TP 9401 (430 mm).

As discussed above, TP 9401 skull more closely resembles the holotype skull of Paraceratherium lipidus
(V 4322: Xu and Wang, 1978, Pl. 1 1). Therefore, we referred TP 9401 to that species. In addition, we
note here that the species name (/ipidus) is apparently a lapse of pen, or printing error of the Latin adjective
lepidus (pleasant, neat, fine). Such kind of crror and the wrong gender ending can be corrected according to
Article 32 (d) of International Code of Zoological Nomenclature (third ed., 1983). Hence the name after
correction should be Paraceratherium lepidum .

The posteramal bones of P, lepidum once kept in IVPP, altogether 45 pieces, were only listed by Xu
and Wang (1978), without description and measurernents. All of these posteranial specimens were collected
from the same small area vielding the skull V 4322, by Zhai and his colleagues in 1964 . Attribution of them
to P. lepidum is mainly based on their occurrence in the sarne small area where the skull V 4322 was found,
and on size and robustness, clearly expressed in humerus, :ibia and metacarpal hones in particular. Whether
such an attribution is tenable is a matter to be substantiated in the future.

The referral of the mandible fragment of V 3305 from the western slope of the Qianlishan Mountians to

the same specics is also tentative and necds to be proved by additional material yet 1o be found.

Paraceratherium sp.
(Pl. XXXI1--2; Tahs. 32, 36)

Material: 1) V 3322, An incomplete mandible, from Huangyangtou, Lanzhou Basin. 2) V 3369, left -
MtlI, coflected by IVPP and Gansu Provincial Museum joint ficld team in 1993, from Simagou, Gaolsa
County, Lanzhou Basin ( IVPP Field no. GL 9310); all {rom yellow sandstones of Lower Member of
Kianshuihe Formation, late Early Oligocene.

Description

V 3322, mandible (Pl. XXXI 1, Tab. 36): The right horizontal ramus is morc or less complete, but
the feft one has only its anterior part preserved. Of the teeth the right p3 ~ p4 and m2 - m3 and the left p2—
pd arc preserved. The right ml had heen dropped aut before death with its alveolus absorbed and the ramus
below it pathologically delormed, becoming abnormally thicker but shallower.

The symphysis is damaged so that its real form canrot be properly restored. but scemingly contracted
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teriorly. Very small il alveoli can be seen on the fractured surface of the symphysis. The mental foramen is
tuated below the p2. The p2 is small, its talonid is L-shaped, composed of hypo- and entolophid, with
Tingual and buccal cingula well developed. The p3 is triangular in form, pointed anteriorly, without entoconid
sparated from hypocoinid. The posterobuccal angle of the protoconid is smoothly convex, without tubercles
he p4 is similar to, but larger than p3. 4

'V 3269, left MtIT (Pl. XXXI 2, Tab. 32): The proximal surface articulating with mesocunelfoxm is
“semicircular in form and flat. No facet articulating with entocuneiform is visible. A prominent tuber051ty i
-present at the plantar side. In lateral view, the thinnest part of the shaft is located ~ 100 mm below the
‘proximal end.

Comparison and discussion ' /

The lower border of the mandible of V 3322 is quite similar to that of TP 9401, especially in the slight
nvexity under the premolars. Furthermore, the degree of reduction of the p2 and the development of the
tolophids in the p3 — p4 are also similar to those in TP 9401. However, the symphysis of V 332’2 is weaker
and the il may be more reduced than in TP 9401. Whether it is a female individual of P. lepzdum is hard to
:say. For the moment, we prefer to place it in this genus as an indeterminated species.

The MtII came from the same layer of Lanzhou Basin as the above mandible. It is shorter but more

robust than that of P. asiaticum (Tab. 32). This is in accordance with the other limb hanes referred by us
to P. lepidum. For the moment, we refer it to the same indeterminated species of Paf&ceratherium together
swith the above mandible.

Paraceratherium? sp.
(Pl. XXX 4, Tab. 36)

Material: V 3306, a fragment of left mandible with m2 — m3, handed over to IVPP by 109 Brigade of
“the Department of Petroleurn Exploration at Yinchuan in 1965, collected from Wulanamnnai valley { Teilhard
: de Chardin’s locality of Saint-Jacques) ; exact stratigraphic position is unknown. :

Description and discussion: The m2 and m3 are rather peculiar in morphology. The buccal wall of the
“protolophid is flat, or even slightly concave, with a weak groove anterior to the protoconid and. numerous
i ‘tubecles anterior to the groove. The posterobuccal angle of the protoconid is smoothly angled, making the
ectoflexid deep and clearly expressed. On the lingual side, at the outlet of the talonid basin there are also
" “tubercles. Similar structure can only be seen in some lower premolars of P. asiaticum as stated by Gromova
© {1959, p. 86 —87, Fig. 11). The buccal cingulum is well developed at the anterior and posterior ends.
Although V 3306 is well distinctive in morphology, it seems premature now to erect a new species based on

-+ such poor material.
~ Dzungariotherium Chiu ( = Qiun), 1973

" Parqreratherium (partim), Lucas and Sobus, 1989: 367 — 373
[non] Deungariotherium evdenensis, Qi, 1989: 301305, PL. |

Type species: Deungariotherium orgosense Chiu, 1973.

Other included species: 1. zurfanense Xu and Wang, 1978 and D. 7 tienshanense (Chiu, 1962).
Geographic and stratigraphic distribution: Ordos, Nei Mongol; south part of Junggar and east part of
Turpan basins, Xinjiang Uygur Autonomous Region, late Early-Late Oligocene.

' Emended diagnosis (based on type species) : Seen laterally , dorsal profile of cranial part of skull straight.
No single sagittal crest is formed, leaving wide and flat interspace between parietal lines. Paroccipito-
posttytmnpanic process thick transversely, with its lateral border far external to condyle. Nasal notch extends
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posteriorly beyond the anterior border of the orhit, lying above M2 ~ M3, with its posterior border being
angulated. Nasal shortened, with its tip lying above P2. Infraorhital foramen is located ahove the middle of
P4, facing upward. Anterior part of maxilla and premaxilla strongly reduced, only as long as the L of P2 -
P4. Alveolar border is strongly curved, convex downward; the line linking both ends of alveolar border, when
horizontally placed, is markedly lower than condyle. Mandibular angle little protruded posteriorly, with jts
posterior border almost vertical. Anterior part of lower border below premolars ascends anteriorly. Dental
formula; 1+0+3-3 / 1-0-3-3. Il is rudimentary, while il is small, with its root cnded anterior to p2. P2
crown is triangular, wider than long; ribs on buccal walls of upper premolars weak; protocone consttiction
grooves are present in upper molars. p2 strongly reduced, single-rooted; p3 crown triangular in form, pointed
anteriorlys p3 — p4 with posterobuccal angles of protoconids curved and smooth, with fully formed
entolophids No diaphragmatic vertecbra is present. Four lumbar vertebrae. Articular facets on pre- and

" postzygapophyses in Lm’s are concave convex transversely. At least the spinous processes of the first two

lurnbar vertebrae are close to those of the posterior T’s, with crested anterior ridges and deep excavation
throughout the whole lengths of the posterior sides. The transverse processes of the Lm3 and Lmd are
articulated with each other. Limb bones may be very short and robust.

Comments: The generic validity of Dzungariotherium has been doubted by a few paleontologists. As a
major representative of them, Lucas proposed a hypothesis of sexual dimorphism. According to him, the
skulls with long muzzle and enlarged and downtumed I1 as represented by the type skull of Baluchitherium
(corrected to Paraceratherium ) grangeri are male individuals, while those with reduced muzzle and
atrophied I1 as represented by skulls helonging to Dzungariotherium {also Aralotherium ), are [emale
individuals of the same form. In this case, the latter two genera are merely female representatives of the same
genus Paraceratherium , who has the priority over the former two.

Lucas’ hypothesis seems highly tempting and worthy of further testing. The Chinese paracerathere
material seems to provide information hoth in favor of, and against, such a hypothesis. The factors in favor of
it are: 1) The skulls, mandibles and the cheek teeth of Deungariotherium and Paraceratherium are really
closely similar in morphology, difficult to separate, except for the muzzle parts. 2) There existed both P.
lepidum and D. turfanense (vide infra) in the upper 100 m of the Taoshuyuanzi Formation within a small
area of about 10 km® in cast part of Turpan Basin. The former is larger than the latter. From the ecological
point of view, it seems more reasonable to consider them as representatives of both sexes of one and the same
form instead of different genera.

The factors unfavorable to Lucas’ hypothesis are: 1) This is contradictory to the observation of other
features commonly thought as sexual manifestation. For example, the enlarged postorbital process and robust
zygomatic arch covered with heavy rugositites are usually considered male features, but they are present in
Lucas’ fernale individual with strongly reduced muzzle and atrophied incisors (D). orgosense). On the other
hand, male individuals of P. lepidum in Lucas hypothesis (with elongated muzzle and enlarged incisors),
the postorbital process and the zygomatic arch are both rather weak. 2 ) The distinction between
Dzungariotherium and Paraceratherium is not only reflected in the above mentioned sexual features, but
also in other characters whose sexuality is not evident. For example, the differcnces in the development of
paroccipito-posttympanic process, the morphology of the nasals and the degree of retreat of the nasal notch,
cte. 3) The newly found material ( vide infra) has further proved that in Dzungariotherium the mandibular
symphysis is strongly shortened, with its lower border ascending anteriorly, and the il highly reduced. This
made the distinction between Deungariotherium and Paraceratherium cven more clear-cut. 4) The
evolutionary trend in Paraceratherium seems to be the gradual reduction of the muzzle and the incisors as
ilustrated in the earlier P. grangeri and later P. lepidurn. This could easily be explained by the losing of
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function of the incisors as the gathering apparatus replaced gradually by the development of the more flexible
‘lips in later forms. On the contrary, if the incisors were interpreted as an organ of mate competition, there
would be difficulty to explain why this sexually important organ went to its reversed direction. 5) Finally, no
-similar sexuai dimorphism expressed in muzzle and incisors has ever been cbserved in receit mammals. -
As a result of the above deliberation, we prefer to retain their genetic status for now in the absence. of
more decisive evidences in favor of Lucas’ hypothesis of sexual dimorphism. '

Dzungariotherium orgosense Chiu ( = Qi_u) , 1973
(Pl XXXI 3)

Holotype: V 3190, skull and mandible, with symphysis partly damaged and ascending ramms. poorly
preserved, 20 km south of Anjihai bridge, south border area of Junggar Basin, from Shawan Formation; Late
‘Oligocene. : ‘_
Additional material: 1) V 3323, a fragmentary mandible; 2) V 3324, left M2, with its posterior half of
ectoloph broken away; 3‘) V 3325, left calcaneus; 4) V 3326, medial half of right astragalus. Afl are from
Pitiaogou valley of Dongyuan Village, Dongxiang County, Gansu (IVPP field no. LX 199804 ), basal
conglomerates of Jiaozigon Formation; Late Oligocene.

Emended diagnosis: Large-sized species of the genus, inferior only to D .7 tienshanense. L of P2 — M3
- about 430 mm. Alveolar border bends upward anteriotly. Premolars comparatively sm.all; lingual wall of
protocone flattened, often with vertical groove on it, and with clearer anterior and posterior protocone
sconstriction folds in upper molars. ,

Description: Of the above mentioned specimens only the mandible (V 3323, Pl. XXXI 3) is worthy of
brief description. Of the mandible only the left horizontal ramus and a small part of symphysis are preserved,
with crowns of almost all teeth broken away. The mandible is heavy and mbust. Its lower border ascends
anteriorly, particularly so under p2 — p3. A pair of small cavities represents sockets of small il on anterior
broken surface. Both the morphology of the symphysis and the small il’s sockets tend to show the strong
reduction of the anterior part of symphysis and the il in this specimen.

Comparison and discussion: V 3323 mandible is rather distinctive in having its lower border generally
‘ascending anteriorly. As far as is known, in all known mandibles of Paraceratherium , the lower border is
tnore or less horizontal, convex under premolars, concave under diastema, but stretching anteriorly at the
anterior end of the symphysis. The above character is in good accordance with the general morphology of the
holotype mandible of D. orgosense (V 3190), symphyseal part of which is even more badly damaged.

Dzungariotherium turfanense Xu et Wang, 1978
(Pls. X2{IT—- XXXV, XXXV 2-3; Tabs. 89, 24, 29, 36, 38)

g - Deungariotherium turfanensis (partim) , Xu and Wang, 1978 134136, PL. 111, 2a, 3

e Holotype: V 4340, anterior part of skull with mandible, from upper part of Taocshuyuanzi Group, near
‘Feiyue Railway Station, east part of Turpan Basin; Late Oligocene.

 Included material: 1) IMM-1995-IMBLG-1, fragmentary skull with mandible, 7 thoracic and 4 lumbar
. vertebrae, pelvis with some broken sacral and several coccygeal vertebrae, a piece of articulated bones
containing a left astragalus, and distal ends of tibia, fibula and calcaneus, possibly of the same individual,
excavated in Teilhard de Chardin’s first white sandstone laver of the locality of Saint-Jacques ( now
Wulanmannai Valley, 3 km east of Balagong township on east bank of the Huanghe River); Late Oligocene.
2) V 3304, right horizontal ramus with p3 — m3, collected from the Upper Member of the Wulanbulage
Formation at a place south to Yikebulage Brigade, 8 km southeast of Taositu Railway Station (IVPP Loc.
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78018); latc Early-early Late Oligocene. 3) V 3195.1 (IVPP field no. 64080.2), right horizontal ranmus
with m2 —m3; V 3301 (IVPP Loc. 64080), left astragalus, both collected from the lower part of the upper
100 m of Taoshuyuanzi Formation near the Feiyue Railway Station in east Turpan Basin; Late Oligocene,

A Emended diagnosis: The smallest species of the genus, with its P2 — M3 L <380 mm. Upper alveolar
border weakly convex downward; lingual side of protocone rounded, without clear protocone constriction folds

in upper molars.
Description and Discussion

1} Material from Wulanmannai Valley

Description

Skull and mandible (Pf. XXXII 1; Tabs. 36, 38): The skull is very fragmentary, with its dorsal part
" and cranium mostly shattered. It belongs to an aged individual, judging by its heavily worn teeth, of which
only the M3 preserves its crown features clearly. The zygomatic arch is slender and thin, without clear
postorbital process on it. The anterior border of the arbit is situated above the posterior half of M2. The
posterior end of the nasal notch, so far as it can be seen, is at least posterior to P4. Although curved, the
alveolar border is much less so than in the holotype of Dzungariotherium orgosense and A. prohorovi
{Gromova, 1959, Fig. 2 A). The mandible (Pl. XXXIi 12 —b) is better preserved than the skull, with only
the upper part and posterior border of the ascending ramus damaged. The lower border-of the ramus is rather
straight under the ascending ramus, slightly concave below the m3, but convex below the p3 —m2, and then
ascends steeply anteriorly until the very end of the symphysis. The posterior border of the ascending rarmus is
more or less vertical.

The number of cheek teeth is six on each half of the maxilla. The P2 is wriangular in outline. The
protocone in M3 is rounded lingually, with only very weak anterior protocone constriction fold, but large
antecrochet. A pillar-like tubercle is present at the place where the posterior end of the ectoloph should be.
The lower check teeth (Pl. XXXII le) arc likewise heavily worn. The p2 is single-rooted, with a small
talonid basin. The talonid basins are deeper than the trigonid basins in m2 — m3. The buccal cingulum is
weakly W-shaped in lower molars.

Six posterior T’s anterior to the last T (Pl. XXXII 2 —3, XXXIII 1 -3; Tab. 8): The first T counting
from the front is very fragmentary. Its position in the thoracic part of the vertebrae cannot be determined.
The three T’s posterior to the first one (Pl. XXXII 2 -3, XXXIII 1) are more or less similar in morphology,
with wider and lower bodies, high spinous processes and large transverse processes. They may be the T11 or
T12 —T147 judged from their morphology. The L of the spinous processes of T11 or T12 measured from the
anterior side is 410 mm, while the L’s of the spinous processes of T13? and T147 measured from the posterior
sides arc 300 mm and 290 mm respectively. The fifth one counting from front (Pl. XXXIH 2) may be the
T15. Its spinous process is 270 mm high measured {rom its posterior side, but slender, with its top not
particularly enlarged. The last one of them (Pl. XXXIII 3) is the penultimate T because it was found tightly
united with the last T. This vertebra is quite sirnilar to the last one described below. L of its spinous process
measured from behind is 230 mm.

The last T (Pl. XXXIII 4, Tab. 8): It is adhered together with the first Lm, therefore, there is no
doubt as to its position as the last T. The caput and the vertebral fossa are only weakly convex-concave, both
are wider than high. The caput is roughly heart-shaped, with its upper border concave in the middle. The
lateral surfaces of the body is markedly concave, bordered by protruded margins of the caput and the vertebral
fossa. The ventral keel is doubled, weakening posteriorly. The iransverse process is irregular in form, and
very short. Anteroventral to it is a cavity [or the articulation with the rib caput. The posterior notch of the
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. neural arch is very deep, forming a voluminous intervertebral foramen with the Lmi (Pl. XXXIII 4b).: The
metapophysis (or mammillary process) has a rounded upper border, which is lower than the upper border of
~.the postzygapophysis. The articular facet of the prezygapophysis is situated in fact on the base of the spinous
process, extending to the mesial surface of the metapophysis. The articular facet of the postzygapophysis faces
ventrocaudally, concave in lateral portion, but convex in mesial portion. The spinous process is rather high_;
-"higher__.-than the body. slanting posteriorly. Its anteroposterior length diminishes upward, but is suddenly
enlarged at the top. The lower 2/3 of the anterior side forms a clear ridge, fading out in the upper 1/3 of tﬁe
process. The posterior side of the spinous process is shallowly excavated, so that the cross section of the
,f)rocess forms a Y-shape.
. Lmil: (Pl. XXXIII 4, Tab. 9): The vertebral fossa is wider than high. The transverse process is ﬁiate—
: like, bending slightly upward (Pl. XXXIII 4a). lis anterior border curved backward in the lateral half,
forming a pointed end with the posterior border (Pl. XXXIII 4¢). The articular facet on the prezygapg;physis
s transversely concave, while that on the postzygapophysis is mainly convex, but slightly concave a{ lateral
“-marginal area. Otherwise this vertebra is sitnilar to the last T. _ 7
Lm2 (Pl. XXXIV 1; Tab. 9): The ventral keel is blunt and robust. The curvature of the articular facets
~-on both pre-and postzygapophyses are stronger. The transverse process is longer, but less obliquely extended,
with mare pointed lateral end, forming a tngue-shaped trowel. The spinous process slants backward weaker.
Lm3 (Pl. XXXIV 2, Tab. 9): The spinous process is largely broken and the transverse processes
k'"'p.reserve only their bases. The body becomes more flattened, its caput is roughly oval in shape, much wider
than high, with the middle part of the upper botder slightly concave. The vertebral fossa is pentagonal in
Gutline. An oval, flat facet articulating with that of the fourth fumbar vertebra is present on the mesial part of
the posterior side of the transverse process.
Lmd (Pl. XXXIV 3, Tab. 9): The spinous process is not preserved. The body is even more flattened.
A facet of similar form articulating with the preceding vertebra is present on the anterior border of the
ransverse process. The facet articulating with the first sacral vertebra on the mesial end of the transverse
rocess is even larger.
~ TInnominate bones (PI. XXXIV 4, Tab. 24): The innominate bone is wide and short. Its greatest L is
890 mm, while the total W of the two innominate bones is 1120 mm. The ilium is longer than the combined
ength of both ischium and pubis. The iliac crest is more or less straight, about 560 mm long. Both sacral and
toxae tuberosities are not very prominent, and the trihedral corpus of the ilium is very short and wide. The
- length of the acetabulum is 200 mm, while its width is 160 mm (Pl. XXXIV 4 a). The ischium is 290 mmn
'-"{21.5-_,,1_0ng, 200 mm wide, with very strong posterolateral ischium tuber (Pl. XXXIV 4 +i). The ischia and pubes
are not fully coalesced, leaving a clear sagittal suture. Judging from the wide ischiadic arch, hence the wide
. .posterior pelvic aperture, and the presence of the sagittal suture between the ischia and the pubes, it is
" possible that the present pelvic girdle is of a ferale individual.
Left astragalus (Pl. XXXIV 5, Tab. 29): Among the specimens of IMM-1995-IMBLG-1 there is a
...~ piece of articulated bones of left ankle, of which only the astragalus is more or less completely preserved. It is
-..rather low (‘Tab. 29). The upper border of the medial ridge of the trochlea is convex, while the middle
-groove is deep. The boundary between the trochlea and the distal part of the astragalus is clearly demarcated
n dorsal side (Pl. XXXIV 5a). On plantar side the sustentacular facet takes the form of a comma, with its
pointed part situated distomedially (Pl. XXXIV 5b). On distal side the facet articulating with the navicular is
oughly triangular in form, with its widest part being at the middle of the posterior side (Pl. XXXIV 5c).

Comparison and discussion
Judged from thé main features of the skull and mandible (the strong reduction of the muzzle and the
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symphysis, the loss of P1, the triangular P2, the small size and single-rooted p2, the development of the
antecrochets in upper molars, etc.), IMM-1995-IMBLG-1 can only be attributed to Deungariotherinm, .
They are evidently smaller and more primitive than the type species, I). orgosense. They are even slightly
smaller than the other species of the genus, D. turfanense, established by Xu and Wang in 1978, probably
because of their older age, but closer to the latter in morphology.

If all the specimens from Wulanmannai are of the same individual as stated above, the vertebrae and the
limb bones would be the first {ind of their kinds. Compared with other known postcranial bones of the
paraceratheres, those of Wulanmannai really show some peculiar features.

Borissiak (1923b) described four last 1°s of P. asiaticum. The last T of Wulanmannai differs from .-
them in a number of points: 1) In the Wulanmannai specimen the spinous process has a crested anterior border

in its lower 2{3, deeply excavated posterior side, and an enlarged tuberosity on the top. In P. asiaticum , the

* spinous process is much slender, with ridged anterior border, but the excavation on the posterior side is

limited only in its lower 2/3, without particularly enlarged top tuberosity (Borissiak, 1923b, PI. V la—b).
2) In the Wulanmannai specimen, the metapophysis is rather thick, while it is very thin and plate-like in P.
asiaticuni .

The Lm1 of P. grangeri described by Granger and Gregory (1936, Fig. 16) may also be the last T,
hecause it has only one irregular transverse process on the right side. This vertebra differs from that of
Wulanmannai also quite distinctly. The spinous process is more plate-like, posterior excavation little
developed, and the articular [acets on both zygapophyses are still rather flat, without clear curvature.

Although the exact position of the other T’s from Wulanmannai is difficult to defline, their general form is
different from the known 1’s of other paraceratheres. Taken as a whole, the Wulanmannai specimens are
closer to the last T of P. lepidum rather than to those of P. asiaticurn and P. g*rdﬁgeri.

Similar case also holds true for the Lm’s. Those from Wulanmannai have similar spinous processes as the
T’s. Their transverse processes also extend upward more strongly. Borissiak gave the number of lumbar
vertebrae in P. asiaticum as only three. This may not be true for such a primitive form. The Wulanrmannai
material tends to show that the paraceratheres may have four lumbar vertebrae.

There is only one record of the innominate bone of paraceratheres, described by Borissiak in 1923 for P.
asiaticum . Compared with it, the specimen {from Wulanmannai is smaller in general size, but with narrow
and straight iliaq crest, while in that of P. asiaticum the iliac crest is strongly curved and much longer (890

mm versus 560 mm in the Wulanmannai specimen) .

2) Material from Turpan Basin kept in IVPP

V 3195.1, left horizontal ramus with m2 — m3: The lower border of the ramus is downwardly convex,
clearly ascending anterior to the m2. The m2 is moderately worn and well preserved. It is large (L. at base on
buccal side 105.5 mm) and rather high crowned (H of hypolophid 61.9 mm). Judging from the curvature of
the lower border of the mandible, V 3195.1 is here tentatively relerred to D. turfanense.

V 3301, left astragalus (Pl. XXXV 2, Tab. 29): The part of the trochlea lateral to the neck is
maderately protruded over the distal end. The trochlea is asymmetrical, with the lateral condyle much larger
than the medial one, medial half of upper border of which is almost horizontal in orientation. Accordingly, the
middle groove of the trochlea is very shallow. On dorsal side, the boundary between the trochlea and the neck
is moderately defined. The facet articulating with the cochlear process of the calcaneus on plantar side forms a
right angle with the small, tonguc-shaped facet below it. The facet articulating with the sustentacular process
of the calcaneus is oval, obliquely positioned. The distal surface articulating with the navicular is triangular in
form, while the facet articulating with the cuboid is narrow and strip-fike.

This astragalus is similar to the zhove described one of IMM-1995-IMBLG-1 in size and gencral
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morphology, slightly differing forme the latter in being higher in proportion (Tab. 29 ratio 1) and the flatter
upper border of the medial ridge of the trochlea. The smaller of the two astragali described by Teilhard de
Chardin as belonging to Baluchitherium grangeri forme minor was presented by a picture ( Teilhard de
Chardin, 1926, Pl. II 8). It is morphologically very close to the above described astragalus, but smaller in
size. No picture was given by Teilhard de Chardin for the larger one. However, it is doser to the above
: desctibed astragalus in size. Max W'’s of both are about 160 mm. They were found from the same Valley of

. Wulanmannai, and may all belong to the same species, i.e., Dzungariotherium turfanense.

3) Material from west slopes of Qianlishan District ;

V 3304, Right horizontal ramus (Pl. XXXV 3, Tab. 36): The mandible is the best preserved specimen
from the IVPP locality 78018. The ascending ramus is well preserved, with only the top of theréor'onoid
process missing, while the horizontal ramus preserved only its posterior part up to the p3, with "its lower
border broken anterior to the m2. The horizontal ramus is comparatively low, probably because o‘fpits voung
age (m1 moderately worn). The posterior border of the ascending ramus is largely vertical, cxcept for the
part beneath the articular condyle. The mandibular angle is rounded, without any indication of posterior
protrusion. No incisura vasorum can be seen on the lower border of the mandible. All the cheek teeth are
comparatively high crowned, with rough enamel surface The trigonid of p4 is U‘shaped with its paralophid
not reaching the lingual border, and the metaconid the most robust cusp of the tooth. “The hypolophid and
entolophid are confluent, but with a small bulge in the middle on its lingual side. The entolophid is thin,
descending lingually so that its lingual end is lower than that of the paralophid. The talonid basin is wider and
deeper than the trigonid one. The extoflexid is deep, and the posterobuccal angle of the protoconid is
smoothly curved. _

_ V 3304 differs from the early species of Paraceratherium, P. asiaticum and P. grangeri, in having
higher crowned cheek teeth and fully developed entolophids in p3 — p4, from the later species, P. lepidum ,

in lacking incisura vasoram on lower border of the mandible and the secondary structures in the trigonid basins

~ in lower molars. V3304 is more similar to D. turfanense in size and morphology. We tentatively refer this

specimen to D). tfurfanense.

Dzungdriofkerium? tienshanense (Chiu [ = Qiul, 1962)
{Tab. 36)

Indricotherium cf. grangeri, Chow and Xu, 195%: 9396, PL. [
Paraceratherium tienshanensis, Chiu, 1962. 62, 64, 68

Holotype: TVPP V 2370, an incomplete right M3 and a part of left horizontal ramus with p4 - m2,
reportedly found near the Feiyue Railway Station, east Turpan Basin, without indication of exact locality and

. gtratigraphy, possibly either Late Oligocene or even earliest Miocene (7).

. Diagnosis: The largest-sized paracerathere. Cheek teeth high crowned, pd with fully formed entolophid,

- rounded posterobuccal angle of protoconid; but low ralonid. Lower molar with protolophid steeply descending

anteriorly and low paralophid.

. Comments: So far V 2370 is the only known material of this species. In fact, the V 2370 teeth are
super-sized among the paraceratheres. Chiu {1962) transferred them to the genus Paraceratherium ( sensu
Gromova, now should be Aralotherium ) and established a new species for it, P. tienshanense. The V 2370
teeth do possess features close to both of Dzungariotherium and Aralotherium. The commonly shared
features are the higher crowned check teeth and the smooth and rounded posterobuccal angles of the
protoconids in p3 — p4. However, some features of these teeth, as the steep sloping of the protolophid and the
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low paralophid in lower molars, seem closer to those of D. turfanense (V 3304 and V 3195.1, vide suprq ).
As a result of the above discussion, the attribution of V 2370 to Paraceratherium is probably wrong, and its
attribution to Aralotherium seems also short of enough convineing evidence. It may be more reasonable to

reler it to the genus Deungariotherium .

Aralotherium Borissiak, 1939

Baluchitherium (partim), Forster-Cooper, 1924b: 377, Fig. 7

Paraceratherium { prohorovi ), Gromova, 1959

Paraceratherium {partim), Lucas and Sobus, 1989; 367 —373; Figs. 19.6. C, 19.7. A
Paraceratherium (sui), Ye et al ., 2003

Type species: Aralotherium prohorouvi Borissiak, 1939.

Other included species: Aralotherium sui Ye, Meng et Wu, 2003, and Aralotherium sp.

Geographic and stratigraphic distribution: North Priaralia, Kazakhstan; northern part of Xinjiang and
eastern part of Nei Mongol, China; from late Early Oligocene (7) to latest Oligocene.

Emended diagnesis ( excerpted from Gromova, 1959, p. 38 — 39). “Skull: postglencid and
posttympanic processes widely separate. Zygomatic arch slender, weakly curved. Parietal crests not
converged. Nasal notch deep: reaching middle of M2 posteriorly. Nasal bones thin, with their tips against
anterior border of P2. Infraorbital foramen slightly higher than lower border of orbit, against middle part of
P4. Maxilla anterior to molars moderately long: L of diastema P2 — 11 about equal to L of P2 + P3, with
anterior end of the maxilla bending upward. Facial part positioned lower relative to cranial part: tangent
across alveolar border extending backward situated lower than condyle. Mandible: posterior border of
mandibalar angle almost vertical, with strongly down-turned symphysis. Alveolus of il reaches anterior
border of p2. Coronoid process thin, bending backward at top. A pair of small, atrophied 11. Two very large
and robust lower tusks {(i1), with very lately closed roots and large crowns. Pt absent. P2 elongated, with
pointed anterior horder, longer than wide, or hardly wider than long; hypocone oval, obliquely oriented.
Ectolophs of upper premolars high, higher than long {when unworn). Ribs of paracone and metacone on
buccal surface of ectoloph weakly differentiated. Parastyle long, overlapping on preceding tooth considerably.
Metaconule in premolars inked nearly at the middle of hypocone in early stage of wear. Protocone in
premolars moderately developed, less protruded lingually than hypocone, so that the crrowns are
asymmctrically triangular in form. Protocone in molars flattened on lingual side, even with high wvertical
groove at base. Posterobuccal angle of protoconid in lower premolars rounded, with hardly ohservable fold.
Entoconid atmost never isolated, taking part in formation of entolophid. p3 pointed anteriorly. Lingual side of
entoconid in lower molars conically rounded. Top parts of metalophid and entolophid bending anteriorly
moderately. ”

“Atlas considerably hollowed within wings. Scapula comparatively short and wide. Seapular tuber
descended to the level of glenoid cavity. Distal trochlea of humerus with hardly noticeable ridge on its lateral
condyle. Olecranon of ulna massive, curvature of semilunar notch weak. Radio-carpal and inter-carpal
articular {acets weakly concave-convex, with anterior “hindering facets” preventing dorsal over-extensiof.
Proximal surface of lunar longer than wide, strongly descending laterally. Trapezium strongly reduced, not
articulating with scaphoid. Relief of surface articulating with patella on distal end of femur shallow. Patella
asymmetrical, with strongly protruded superolateral angle. Tibial tuberosity situated at the middle of the
anterior border, while tibial crest extends no lower than middle of shaft. Astragalus very wide, with its
trochlea strongly protruded laterally relative to its distal portion. Cochlear facet low and flattenecir, extending
downward into another long facet, forming a two-sided angle with the main facet. Body of calcancus
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mparatively long, with weak tuber caleis, and cochlear facet inversely similar to that of astragalus. Its facet
iculating with cuboid is flattened: Entocuneiform small. Relief of inter-tarsal facets rather flattened.
‘Middle metapodia narrowest at the middle of shaft. McV very small, seldom articulating with unciform.
Articulation of metapodia with phalanges and between phalanges flattened, with sagittal ridges and grooves
dittle expressed. Articulation of PhI with Phil in middle digits faces downward. Angles of PhIII. long,
-espemally so are the posterior ones of the lateral digits. Distal border of PhIII of lateral digits convex. ”

: ,'Comments: While combining Aralotherium prohorovi and Paraceratherium bugtiense into one genus
and using Paraceratherium as the valid generic name for this group of paraceratheres, Gromova (1959)

_-apparently did not fully realize the importance of the differences in the symphyseal part of the two forms’i She

listed “strongly down-turned symphysis” in her diagnosis of Paraceratherium . However, this/is in
tontradiction with the type mandible of Paraceratherium bugtiense, where the symphysis is evidently
tending anteriorly. The skull of Aralotherium prohorovi is also radically different from ,that of
‘Paraceratherium , as represented by the Loh skull (formerly referred to Baluchitherium or Indricotherium ),
‘a fact well known to Gromova herself. Therefore, Aralotherium prohorovi cannot be transferred to the genus
Paraceratherium , and Aralotherium should be retained as a valid generic name. ‘
Nevertheless, the diagnosis given by Gromova for Paraceratherium based mainly on the material of
‘Aralotherium prohorovi remain the best and the most detailed one for the genus Aralotherzum , and hence is
adopted here without change.

Aralotherium sui (Ye, Meng et Wu, 2003)
(Tab. 36)

raceratherium sui, Ye, Meng et Wu, 2003

-~ Holetype: V 13382, a heavily damaged mandible, with both il’s, left p2 — m3 and right p3 — m3,
ctllected from Ticershabahe Formation, Halamagai village,Fuhai County, Xinjiang, China; Late Oligocene.
Comments: The ventrally curved symphysis of the above specimen renders its attribution to the genus
Aralotherium - doubtless. It differs from the other only known species, A. prohorovi, in being much larger
in overall size, having higher crowned cheek teeth and stronger curved symphysis.

Aralotherium sp.
(Pls. XXXV 1, XXXVI—XXXVII, XXXVIH 1-2; Tabs. 27, 3536, 38, 42)

: Material: 1)EMM 0016, symphysis and part of left horizontal ramus with p3 — ml; 2) EMM 0012,
" right maxilla fragment with M2 — M3; 3) EMM 0013, right M2; 4) EMM 0058, right M3; 5) EMM
0011, right M2 with ectoloph and metaloph partly broken; 6) EMM 0071, ectolophid of left p3; 7) EMM
0076, left m3; 8) EMM 0077, right m2; 9) EMM 0087, left ml or m2; 10) EMM 0032, anterior part of
: ‘axis; 11) EMM 0135, posterior half of axis; 12) EMM 0136, a part of left scapula and capat of humerus; -
~13) EMM 0022, distal end of right humerus; 14) EMM 0003, proximal end of right radius; 15) EMM
© 0145, left magnum; 16) EMM 0054, proximal end of left McIll; 17) EMM 0143, left patella; 18) EMM
0009, right tibia and fibula. All the materials were collected from the Houldjin Formation by the Erenhot
Dinosaur Museumn staffs in east and north suburb areas of Erenhot, latest Eocene (7)

(1) Description

EMM 0016 (Pl. XXXV 1, Tabs. 35—36): Symphysis is ventrally curved, with its long axis forming an
angle of about 30° with the alveolar border. Its dorsal surface is trough-like, and its posterior border is
situated at the level of the anterior half of the p4. The alveol&_lr border of the diastema is weakly ridged -
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(damaged). Mental foramen large, situated below the p2. L of il - p2 diastema is 150 mm.

Crowns of both il's are broken. The root is oval in cross section, with its longest diameter lying in
dorsolateral to ventromesial direction. It ended before reaching the p2, and its shrinkage toward the posteriop
end is very slow. The L of the longest preserved part of il is 97 mm. No pl is present. The p2 is double.
rooted, with its crown broken away. The p3 is trapezoid in fonm, roundly pointed anteriorly. The
posterchuccal angle of the protoconid is smooth, without tubercles. The entoconid is inseparable from the
entolophid, which reaches the lingual side of the tooth. Both lingual and buccal cingula are developed and W-
shaped, with the buccal one stronger. The p4 is nearly rectangular, with straight anterior border. Paralophid
is thin, with its lingual end stretching posteroventrally. Cingula are similar to those of p3, but stronger. The
ml is too heavily wom to show any details of morphology.

EMM 0071, buccal wall of left p3 (Pl. XXXVI 4): The ectoflexid is hardly observable, but the buccal
cingulum is well developed and W-shaped. L is 55 mm.

EMM 0077, 0087, two m2 (Pl. XXXVI5—6, Tab. 36): The paralophid is very thin, trigonid basin
disappears carlier than talonid one when tooth is not very heavily worn. Buccal cingulum is almost continuous,
weaker at the most convex part of protolophid and posterior part of hypolophid. Lingual cingulum is well
developed at the autlets of the trigonid and talonid basins, tubercular in form.

EMM 0076, left m3 (Pl. XXXVI 7, Tab. 36): Taken as a whole, the m3 is very similar to the m2
above described. The trigonid is comparatively long relative to the talonid, wide U-shaped, with rather long
protolophid. Paralophid, being the lowest among the lophids, slopes down slightly lingually, with a ridge
descending form its lingual end posteriorly. Although the crowns of the talonid and trigonid are about equally
high, the talonid is situated lower than the trigonid as a2 whole, so that the top of the lophids and the crown
hase of the talonid are considerably lower than those of trigonid. The buccal cingulum is as in the m2, but the
lingual cingulum is developed weaker than in the m2.

EMM 0012, right maxilla with M2 - M3 (Pl. XXXVI 1, Tab. 38). The length taken from lingual side
of M2—M3 is 160 mm. The antecrochet of the M2 is rather prominent, the lingual side of the protocone is
rounded, no constriction folds are observable. The M3 is trapezoid in outline, with the rudimentary posterior
end of the cetoloph expressed by a rounded bulge, a groove lingual o it, accompanicd by suddenly widened
cingulum. The antecrochet is weak. Weak cingulum surrounds almost the whole tooth, with the lingual part
of the anterior one better developed.

EMM 0013, right M2 (Pl. XXXVI 2, Tab. 38): The M2 is the least worn among the upper teeth. Its
H at paracone is 73 mm. The antecrochet and the constriction folds of protocone are all weakly expressed.
There is no real postfossette owing to the low posterior cingulum, which does not close the embrasure from
behind. Otherwise it is similar to that of TMM 0012,

EMM 06058, right M3 (Pl. XXXVI 3}: The M3 is heavily worn, and different from that of {MM 0012
in some parts. [t is triangular in form, with morc posteriorly slanting protoloph. The protocone is flattened
lingually, with well developed anterior and posterior constriction folds and the antecrochet is strong (PL
XXXVI 3h). The rudiment of the posterior end of the ectoloph is expressed only by a sudden rise of the
' cingulum accompanied by a very small fovea lingual to the highest part of the cingulum (Pl XXXVI 3a).

EMM 0032, anterior half of axis { XXXVII 1): Compared with that of TP 9401, the axis shows a
number of differences. The odontoid process is short and widened, 70 mm long measured from ventral side
(110 mm in TP 9401), 70 mm high (120 mm in TP 9401) and 105 mm wide (100 mm in TP 9401), with
rounded anterior end. The anterior articular facets form an angle of ~ 140" {125% in TP 9401), thus more
perpendicular to the long axis of the odontoid process. Their total W is 320 mm {300 mm in TP 9401). What
is remarkable is the presence of a pair of large hollowed arcas scparated by a thin sagittal septum within the
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“body of the axis (Pl. XXXVII 1c). :

- EMM 0135, posterior half of axis (Pl. XXXVil2); In dorsal view, the spinous proceé_s forms a flat and
ughened surface pointed posteriorly. The posterior border of the postzygapophysis is more or less rectilinear,
tching posteromesially. In TP 9401 the spinous process ends at the level of the anterior horder of the
c tzygapophysis, then followed by a pair of ridges slightly converging posteriorly {vide PI. XXVII 2a). In
AM 26390 the posterior end of the spinous process forms a wide, convexly curved line ( vide Granger and
regory, 1936, Fig.- 7). .
EMM 0136, distal end scapula and caput of humerus of left side (Pl. XXXVII 3): The W of the caput
_,of the humnerus is ~ 300 mm, about the same size as V 3195. 2 referred to P. lepidum (Tab. 11) The
; pular tuber is prominent and cleatly separated from the glenoid cavity. i
EMM 0022, distal end of right humerus (Pl. XXXVII 4): The longitudinal ridge of the lateral condyle
blunt, making the lateral half of the lower border of the condyle ascending laterally, rather than
onzontally The median groove is rather deep and almost symmetrical. ,

EMM 0145, left magnum (Pl. XXXVII 5, Tab. 42): The dorsal side is roughly rectangular in outline,
ider than high and higher at lateral border. On proximal side there are two articular facets: a larger medial
ne articulating with scaphoid and a smaller lateral one articulating with lunar. The former facet is fan-
haped, narrowing posteriorly, with a narrow strip extending on the medial side of the knob-like prominence
“head” or posterosuperior process). This facet can partly be seen from the front. The latter facet is a
arrower S-formed strip, widened posteriorly, occupying the major part of the knob-like prominence. The
dge separating the above two facets is clearly shown. In lateral view, the anterior half of the proximal side
scends slowly posteriorly, and the posterior half is occupied by the slightly higher knob-like prominence,
pfgﬁsterior horder of which lies anterior to the volar process. The facet articulating with unciform is large and
gctangular in form (Pl. XXXVII 5d}. On medial side the articulation with trapezoid is composed of two
icets: a U shaped one and a smaller oval one, separated from each other by wide depressed rough area(Pl.
XXXV 5¢). The distal side is mainly articulated with Meclll, accompanied medially by two smaller facets
articulating with Mcll, anterior one of which is narrow strip-like, and the posterior one, triangular. The
olar process is damaged, but may be posteroventrally curved.

: EMM 0054, proximal part of left McIIl (Pl. XXXVII 6): The facet articulating with magnum is
ather flat, and that articulating with unciform is comparatively large. The angle formed by the above two
ts on the dorsal side is rather blunt, ~145°.

« EMM 0143, left patella (P1. XXXVIII 1, Tab. 26): It is irregularly pentagonal in shape in dorsal or
posterior view, with its Jateral border more or less straight and lower border pointed. The medial border is
regularly curved, with its middle portion strongly protruded. The dorsal surface is heavily rugose, and the
;':_st'erior one has a large saddle-shaped facet articulating with femur. The sagittal ridge is blunt and high
‘ansversely, but vertically it is-slightly concave in its upper 2/3 and strongly convex in its lower 1/3. The
cular facet medial to the ridge is wider than that lateral to the ridge. Both facets have the same curvature
- the ridge.

"EMM 0009, right tibia and fibula (Pl. XXXVIII 2, Tab. 27): A tibia of juvenile individual (epiphyses
fe not completely coalesced with diaphysis). It is very short and thick. The tibial tuberosity is very wide,
ut not very high above the shaft, with the muscular groove (sulcus muscularis) very shallow and wide,
hifted laterally. The tibial crest is blunt and short, developed only in the upper 1/3 of the shaft, and does not
nk with the muscular line developed on the anteromedial border of the distal half of the shaft. The redial
' posterior sides of the shaft are rather flat, while the anterior and lateral sides are transversely convex. A
: depressed area of triangular form is developed in the distal part of the lateral side, where the fibula is to
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be coa_lesced with the tibia. The trochlea on distel end articulating with the astragalus is asymmetrical, with
its lateral groove anteroposteriorly longer (130 mm) than that of the medial one (105 mm). The coalesced
fibula and tibia leaves a small fissure only at the level of the tibial tuberosity.

The rest of the observed specimens are not described here because of their poor state of preservation.
(2) Comparison and Discussion

The anterior part of the mandible (EMM 0016) is the only specimen that can be referred to the genys
Aralotherium {or certain. The ventrally curved symphysis and incisors are the features uniquely diagnostic of
the latter genus. However, it differs from A. prokorowi and A. sui in having a 13 mm wide diasterma
between the left and right i1's, while in the latter two species the incisors contact with each other at their
bases. The distinction between EMM 0016 and A. sui is even more remarkable. The latter species is much
larger in size, with a much moze strongly bent symphysis. It is interesting to note that morphologically,
EMM 0016 is very similar to one of the mandibles referred to Paraceratherium bugtiense by Forster-Cooper
(1924b, Fig. 7). They have the same degree of bending of the symphysis, the il — p2 diastema about equally
long as that of p3 — ml, the pl being absent, and the same well developed buccal cingula on p2 — p3.
However, EMM 0016 is larger than the latter. There is no doubt that the Dera Bugti mandible in question is
to be transferred to the genus Aralotherium . However, it is hard to decide to which species this mandible
should belong. Similarly, it is premature to establish a new species based on such poor information provided by
the EMM 0016 mandible. The Erenhot specimen is here treated simply as an indeterminated species of
Aralotherium .

The other specimens recently found from the Houldjin Formation, including all the other teeth and
posteranial bones, are only tentatively referred to the same Aralotherium sp. Although similer to
Aralotherium as a whole, most of these specimens differ from the known species of Aralotherium t 2
certain degree. It is hard to determine whether they should belong to the same form as the EMM 0016
mandible or not. They are tentatively referred to Arafotherium sp. primarily because they were found from
the same “Houldjin gravels” of the same small azez in the suburb of Erenhot.

In the forms of the odontoid process and the hollowed body, the sxis {rom Erenhot is similar to that of
A. prohorovi , but differs from those of Urtinotherium intermedium and Paraceratherium lepidum , where
the odontoid processes are pointed and the bodies are apparcntly little hollowed (vide supra ). However, the
peculiar form of the spinous process in the Erenhot specimen is sharply distinctive from those in all the other
forms (vide supra).

The distal end of the scapula and the proximal end of humerus of EMM 0136 seems (o be the largest so
far known of the paraceratheres. In morphology, they are more or less similar to those of P. asiaticun in
having clearly separated scapular tubcrosity from the glenoid cavity, However, EMM 0136 is similar to those
of A. prohorovi in having weakly curved cavity and caput in transverse direction.

There is a good specimen of magnum in the Erenhot material {(EMM 0145). It differs from that of P.

asiaticumn in having a low, knob-like prominence and small volar process (both larger in P. asiaticum), in -

scparation of the facet articulating with the trapezoid into two, and in the anterior hall of the proximal surface
of the magnum being almost horizontal. The megnum of Turpanotherium elegans ( vide infra) 8
particularly wide rclative to height (Tab. 42 ratios 2 —3), so that they differ from each other widely. The
magnum described by Forster-Cooper (1924b) as belonging to P. bugtiense seems to be shorter (APD) and
wider (Tab. 42). EMM 0145 differs from that of A. prokorouvi also noticeably. In the latter form the knob-
like prominence is shifted more postcriorly, becoming the most posteriorly situated element of the meagnum,
with the volar process completely lost, and the anterior part of the proximal surface being horizontal. Taken
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a whole, EMM 0145 is more similar to that of A. prohorovi .
- Similar cases hold true also for the proximal part of McITT (EMM 0054} and tibia (EMM 0009). In
EMM 0054, the proximal facets articulating with magnum and unciform are flatter, and the angle formed by
ihese two facets is obtuse and situated low, features similar to those in A. prohorovi , but different from
hose in Paraceratherium . EMM 0009 tibia is particularly short and has a very short tibial crest disconnected
fom"the muscular line on the medial margin in the distal half of the shalt. An éxtremely long tibial crest is
ne of the features diagnostic of P. asiaticum , as illustrated by Borissiak (1923b). :
" In addition, the calcaneus described by Osbom (1923, Fig. 8 A) as belonging to Baluchithérium
grangeri (= Paraceratherium grangeri) is also to be transferred to the genus Aralotherium , probably o
; valotherium sp. This is clearly shown in the brevity of the part of the calcaneus below the cochlear process,
‘strong slanting of the distal articular surface, and the longer tongue-shaped articular facet be'low the

ear facet. All these features are characteristic of the genus Aralotherium as clearly demonstrated by
(romova (1959). :

Turpanotherium gen. nov.

Type species: Turparotherium elegans gen. et sp. nov.
- Other included species: Tarpanotherium 7 yagouense (Qiu, Wang et Deng, 2004) and Turpanatherium sp.
Geographic and stratigraphic distribution: So far only known from Turpan Basin, Xinjiangs Lanzhou
#hd Linxia basins, Gansu; Late Oligocene — Early Miccene.
Diagnosis {only for symphysis, lower premolars and manus) : Size slightly smaller than A. prohoroui.
ymphysis and il extend anteriorly, with their lower horders forming an almost straight line. A diastemna is
iresent between left and right il’s. Cheek teeth rather high-crowned. Both pl and p2 lost, crowns of unworn
3 and p4 higher than long. Lunar with anterior “hindering facet,” two distal facets are unequally developed,
h distal angle shifted strongly medially. Angles of PhIIT’s are strongly reduced.

Turpanotherium elegans sp. nov.
(Pls. XXXVIII 3-8, XXXIX-XLII; Tabs. 1418, 3537, 4142, 44— 49)

Holotype: V 3191.1, anterior part of mandible, with two il1’s and left p3 — m1 {broken), collected from
he upper 100 m of the Taoshuyuanzi Group in IVPP Loc. 64081. 3, west of Feiyue Railway Station in
stern part of Turpan Basin, Xinjiang; Late Oligocene.

Other described material: 1) Turpan Basin: V 3191.2 (IVPP Loc. 64081.3) complete left manus; V
191.3 (IVPP Toc. 64081), left unciform, broken astragalus, cuboid and MtIII; V 3192. 1 (IVPP Loc.
4080. collected by the Bureau of Petroleum, Xinjiang), broken posterior part of skull; V 3192.2 -3 (IVPP
c. 64080.6, 8), Phl’s of middle and lateral fingers; V 3193 (IVPP Loc. 64082), right scaphoid and PhIl
lateral finger. All the above listed specimens were collected from the same area and the same level as the
:olotype. 2) Lanzhou Basin: V 3317, right p3 and p4 of the same individual, coilected from Zhangjiaping,
(Gaolan County in 1987; V 3318, left mé;, probably of the same individual as V 3317, purchased from
antonggou, Gaolan County in 1995; V 3319, left P4, collected from Duitinggou, (aolan County, in 1988;
3320, right ml and V 3321, left m2. All the above listed fossils from the Lanzhou Basin came from the
Zhangjiaping Local Fauna at the base of the Middle Member of the Xianshuihe Formation, of Early Miocene

e (Qiu ez al ., 1997, 2001).
: Diagnosis: As for the genus.
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(1) Description and Comparison

1} Description of the holotype

V 3191.1, anterior part of mandible (PL. XXXVIII 3, Tahs. 35 -36): The posterior border of the
symphysis is situated at the level of the posterior half of p4. Its dorsal surface is trough-like, and no evident
constriction can be seen at the middle part of the symphysis and diastema. In lateral view, the upper border of
the symphysis slopes down anteriorly, forming a straight line with the upper border of the i1. Mental foramen
is large, located below the middle of p3, close to the lower border of the ramus.

The two il's are large, widely separated from each other, with a 25 mm diasterna between them. No
other alveoli can be seen between the two il’s. In dorsal view, their roots diverge a little anteriorly, but their
crowns diverge more markedly, with their mesial borders forming a 90° angle. The cross sections of both roots
and crowns are oval in shape, with their longest axis stretching in the dorsolateral to ventromesial direction.
The enamel of the il is very thin, with almost no indication of basal cingulum, except in the posteromesial
corner. No wear facets are present on the il. On right side, a small hole is located slightly posterior o the i1,
which may be the alveolus of the rudimentary 2 or i3.

The p3 is triangular in outline, sharply pointed anteriorly. The crown is moderately worn, with its
height close to its length. The paralophid is very short, hardly separated from the protolophid. The buccal
wall of the protolophid is flat, with a vertical groove at the basal half of the middle part, making the
posterchuccal corner of the protolophid rather angular. The metalophid is high and thick, extending
posterblinguaﬂy. The hypolophid is similar to the protolophid in robustness and height, but the entolophid is
very thin, sloping lingually, and no separate entoconid is formed. The ectoflexid is narrow and deep. Roth
lingual and buceal cingula are well developed, with only the part on the buccal wall of the hypolophid being
weakly expressed. The pd is trapezoid in outline, narrower anteriorly, with crown slightly higher than that of
p3. The paralophid is evidently longer, but still thin and shorter than metalophid. The trigonid is U-shaped,
with the posterobuccal corner of the protolophid angular. The entolophid is more robust than in p3. Both
trigonid and talonid tend to be closed lingually, and the cotollexid is deeper. The cingulum is slightly weaker
than in p3. The ml is poorly preserved, with its cingulum even less developed than in p4.

The wear pattern of the p3 — ml is rather peculiar, with the lingual part of the wear facets turning

lingually, so that a large part of enamel on the lingual side is worn away, especially in p4 and the anterior part

of the ml (Pl. XXXVIII 3b).

2} Other materials from Turpan Basin

V 3191.2, afeft manus {(Pl. XLII 1): All the bones of the manus (except trapezium) are in natural
articulation, with only a few of them slightly damaged (scaphoid, distal part of Mclll, and PhIII, etc.).

Scaphoid (Pls. XXXIX 1, XLII 1; Tab. 14): The anterodistolateral projection is broken away. In
dorsal view, the scaphoid is about equally high and wide (including the missing projection). In medial or
lateral view, it is longer (APD} than high. The most bulged parts ol the dorsal and volar sides are situated it
the lower 1/3 of the bone. The proximai facet articulating with the radius is rectangular in outline, flat in the
antcrior-most part, then convex, and concave posteriorly. The distal side bears two large facets articulating
with magnum and trapezoid (Pi. XXXIX Id m. ). The facet articulating with the trapezium is very small,
round in form, retreated to the volar side of the bone (Pl XXXIX 1d m) . On {ateral side there are two facets
articulating with the lunar (Pl. XXXIX 1b i1, 2). The upper facet forms a horizontal strip, while the lower
one is semilunar in form, restricted to the anterior half.

In the whole, this scaphoid is more similar to that of A. prohorovi than of P. asiaticum in having the
sarme general proportion (longer than high), the presence of a “hindering facet,” and the form of the uppef
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facet articulating with the lunar. In P. asiaticum , the bone is higher but shorter in proportion (Tab. 14
ratio 2), without “hindering facet,” and the posterior end of the upper facet articulating with the lunar turns
‘evidently downward (Borissiak, 1923b, Pl. VII 6¢). V 3191.2 differs from A. prohorovi in being smaller,
_narrower and longer (Tab. 14), and the presence of a facet articulating with the trapezium, which is present
inP. dsiaticum , but wanting in A. prohoroui . ;
Lunar (Pls. XXXIX 2, XLII 1; Tab. 15): Both sides of the proximal articular facets are slightly
damaged. There is a clear, almost horizontal “hindering facet” in the anterior part of the proximal facet (PL
- XXXIX 2a — 2¢ p). Behind this “hindering facet” is an enormous hemispherical knob-like prominen_ée or
© “head.” In proximal view, the lateral side of the “head” is rather straight, while the medial side is stfongly
convex. On distal side there are two large facets articulating with magnum and unciform (Pl. XXXIX
2d m, ). They are separated from each other by an S-shaped ridge, and each facet has a transverse ridge in
'Tthe middle. The anterior halves of the facets are more or less flat, while the posterior halves are
" hemispherically concave, so that the separation between the two halves is sharp, forming an angle, ‘which can
* be seen from medial or lateral side. The anterior end of the S-shaped ridge forms the angle hordered by the
- two distal articular facets. The angle is rather obtuse, and only shallowly inserted into the magnum and
unciform. Seen from the front, the insersion of the lunar between the magnum and unciform is asymmetrical
so that the lunar rests largely on the unciform (P[. XLII 1). The articular facets on the medial and lateral
" sides of the bone are conformable to those in scaphoid and cuneiform respectively. The volar process is
‘volurninous, stretching posteriorly.

The lunar of V 3191.2 is close to that of A. prohorovi in having a “hindering facet,” and lacking the
~small posteroventral facet on medial side articulating with the scaphoid. On the other hand, it is similar to P.
-astaticum in general morphology of the distal facets articulating with magnum and unciform. The anterior
“halves of the two facets are more or less flat, angularly separated from the posterior halves of the facets clearly
“seen in medial or lateral view (Borissiak, 1924b, Pl. VIII 1d). However, the lunar of V 3191.2 is unique in
-dorsal view of its distal side, i.e., the facet articulating with unciform is much wider than that with
“miagnurm, so that the angle separating the two distal facets is shifted strongly medially and its insertion into
“the second row of the carpals is very shallow.

Cuneiform (Pls. XL 1, XLII 1; Tab. 16): The bone is roughly semicylindrical in form, longer (APD)
han high, and higher than wide. In lateral view, the bone is higher anteriorly than posteriorly. The proximal
cend bears three facets articulating with radius (anteromedial ), ulna (central and lateral) and pisiform
“(posteromedial ) respectively. That for the ulna (Pl. XL 1a o) is the main facet, fan shaped, concave
7 longitudinally, while those for the radius (Pl. XL 1a r) and pisiform (Pl. XI. la p) are smaller and
| triangular, of about equal size, facing upward and medially respectively, and separated from each other
7_"'}::“Widely. On medial side the facets articulating with the lunar (Pl. XL 1c 11, 2) conforms to those on lunar.
The distal end bears only one large facet articulating with unciform. It is flat in anterior part, followed by a
“transverse bar-shaped prominence and strongly concave behind the bar.

: As a whole, the above described cuneiform is rather close to that of P. asiaticum (Borissiak, 1923h,
Pl. VIII 2). This can be seen in the following points: 1) Both are moderately higher anteriorly in lateral
view, with the most part of its lower border being flat. In A. prohorout the anterior side is much higher than
‘the posterior side, and the lower border ia strongly convex anteriorly (Gromova, 1959, Pl. XIV 1B). In P.
bugtiense the difference in height is hardly noticeable (Forster-Cooper, 1924a, Fig. 13). 2) The facet
j.iarticulating with radius is small and widely separated from that articulating with pisiform. In A, prohorovi
“the two facets are almost connected {Gromova, 1959, Pi. XIV 1A), whereas in P. bugiiense the facet
.'.articulating with radius is much longer than that articulating with pisiform (Forster-Cooper, 19242, Fig.
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18). However, the cuneiform of V 3191.2 is somewhat similar to A. prohorovi in being proportionally
longer and narrower and having a rather pointed anterior edge.

Pisiform (Pl. XL12, Tab. 46): In lateral view, the bone looks like a long teardrop, becoming higher
posteriorly. At dorsal end there are two articular facets for ulna and cuneiform respectively (Pl. XLI 2a g, o).
Both facets are wider than high, forming a dihedral angle berween them. The former is slightly concave
longitudinelly, while the latter, slightly convex. Posterior to the facets is a neck, on medial side of which is &
wide and deep groove where a tendon of some flexor muscle passes through. The volar part of the bone is
higher, without bending medially. Its lateral surface is highly vermiculated.

So far only the pisiform of A. prohorovi has been described of the paraceratheres (that of P. asiaticum
was only measured by Gromova, 1959, Tab. 20). The pisiform of V 3191.2 is smaller than both of them
(Tab. 46), and it is more or less straight in dorsovolar direction, without bending medially in its volar end
(Pl XLI2b). According to Gromova (1959), in A. prohorovi the volar end of the bone bends medially
(Gromova, 1959, p. 48). In proportion, V 3191.2 is closer to that of A. prohorowi (Tab. 46), but it is
similar to that of P. asiaticum in being straight anteroposteriorly, and in having both articular facets being
wider than high (in A. prohorovi these facets are either equally high and wide or higher than wide).

Trapezoid (P[. XL 2, Tab. 41): It is semicylindrical in form. In proximal view (Pl. XL 2¢), its dorsal
and laterovolar ends are angular, its dorsomedial border is straight, and its lateral border is convex. The
proximal facet for scaphoid is convex dorsovolarly, extending to volar side of the bone, confluent with the tiny
facet for the trapezium. Distally there is only one facet for the Mcll, which is flat. There is also a small
process bulging from the laterovolar corner of the distal side. The dorsomedial side of the bone is
vermiculated, covered by numerous tiny foramina. The lateral side of the bonc bears a horseshoe-formed facet
for the magnum, distovolar part of which is separated from the other part by a V-shaped notch {(PL. XL 2b).

Again, it is the smallest one among the known trapezoids of large-sized paraceratheres (Tab. 41). In
proportion it is rather close to that of A. prohorowi (Tab. 41 ratios 2—3). The curvature of the proximal
facet in A. prohorovi is also similar to that of V 3191. 2 (in P. asiaticum the curvature is stronger).
However, in the form of the facet for the magnum, V 3191.2 is closer o that of P. gsiaticum . In both
species this facet takes the form of a horseshoe, whereas in A. prohorouvi this facet is completely separated
into an upper and a lower one. The laterovolar process presented in V 3191.2 is absent in all the other known
trapezoids of the large-sized paraceratheres.

Magnum (Pls. XL 3, XLII 1; Tab. 42): This is the largest of the carpal bones. It is highly irregular in
form. In dorsal view, it is roughly rectangular in form. much wider than high (PI. XLII 1). Seen [rom
proxirmal or distal side, the bone is roughly fan-shaped. On proximal side there are two facets articulating with
scaphoid and lunar respectively. The [ommer is fan-shaped, situated enly in the anterior half of the bone (PL
XL 3a s). The latter forms a narrow strip, exiending posteromedially, transformed into a semispherically
convex surface occupying the whole width of the knob-shaped “head” of the bone (Pl. XL 3a1). The medial
side bears the facet for trapezoid, which conforms with its counterpart on trapezoid. The anterior part of the
lateral side of the bone is occupied by a rectangular articular facet for the unciform (Pl. XL 3a — b u).
Distally, the bone is articulated mainly with the McIIl, bur accompanied by an anterior and 2 posterior facet
articulating with the MclIl on the medial side. The volar process is robust, stretching slightly downward,
separated from the “head” by a wide notch.

Taken as a whole, the magnum of V 3191.2 is unique in being snll in general size and much wider in
proportion on dorsel side. V 3191. 2 is closer to those of P. asiaticum and P. grangeri in having a larger
“head,” separated by a notch from the prominent volar process, which stretches more posteriorly than the
“head.” The magnum of P. grangeri ( AM 21618) further differs from that V 3191. 2 in lacking the
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articular facet for the Mell. The magnum of Arolotherium prohorovi differs from V 3191.2 in having very
sronotnced “head” shifted more posteriorly than the volar process. The magnum of Aralotherium sp. (EMM
0145) is distinguished from V 3191. 2 in being much larger in general size and much longer and higher in

proportion. . :
Uilciform (Pls. XLI 1, XLII 1; Tab. 17): The laterodorsal side forms a continuous convex surface: In
pfo;imal or distal view, the bone is fan-shaped. On proximal side there are two articular facets for the lunar
d cuneiform respectively (Pl. XLI la ¢, 1). The former facet is roughly rectangular in outline, with its
onger axis extending posterolaterally. The latter facet is triangular in form, slightly larger than the fc_ji-mer.
- Both facets are saddle-shaped, with their anterior parts more or less concave, forming the “hindering fhcets,”
and the posterior parts markedly convex (APD). The mediodistal side bears three facets forming a oos{tinuous
< bonvex surface: for magnum (medial), Melll (middle) and MclV (lateral), the last of which being the
largest (Pl. XLI 1c m, melHl, meIV). A narrow and pointed volar process is present at laterodistal corner on the
yolar side. On the distal border of the lateral side of the bone, lateral to the volar process, is a small oval facet
“for the McV (Pl XLI 1b mev). |

The unciform of V 3191.2 is close to that of P. asiaticum in three points. 1) There isa clearly shown
olar process. 2) The facet articulating with McV is still present. 3) The L/W ratio in V 3191.2 (80.5%)
“falls within the range of variation of the ratios in P. asiaticurm (65.5% —92.8% ). However, the presence
‘ of the “hindering facets” in V 3191.2 is the diagnostic character of A. prohorovi. :
MeclI (Pl. XLII 1, Tab. 37): The shaft of the Mecll of V 3191. 2 is rather thick, but without
“particularly widened epiphyses. Proximally, there is only one {acet articulating with the trapezoid. On mesial
“side of the proximal end there are two pairs of facets articulating with both magnum (upper pair) and MclII
" (lower pair). On distal end the articular trochlea for the Phl is ovoid in anterior half, provided with a median
3 ridge in the posterior half, becoming stronger toward the volar side of the trochlea.
- In robustness, V 3191.2 is closer to the Mcll of A. prohorovi, but still shorter and more robust than
" the latter. The Mcll of P. asiaticum is much longer and slenderer (Tab. 37). The APD of the distal end of
SV 3191.2 is markedly smaller than in both A. prokhorovi and P. asiaticum (Tab. 37 ratio 5). In the latter
two forms, the articulaf facets for the magnum and the MelIII are both strip-like, without further separation
nto two. -
McIII (Pl. XLII1, Tab. 37): The distal end of the McllI is badly damaged. The shaft becomes thicker
rom the lower boundary of the upper 1/3 distally. The sagittal ridge of the distal trochlea is rather flat at its
“posterior end, forming a 20 mm wide {lat surface.
The McIII of V 3191.2 is similar to that of Paraceratheriurm in the pattern of widening of the shaft. In
- Aralotherium , as stated by Gromova (1959), the narrowest part of the shaft is always at the mid-length of
. the shaft.
_ McEV (Pl. XLII 1, Tab. 18): The distal end is also damaged. It is as long as the Mcll, but more
- robust. The bone hends only slightly. The narrowest part of the shaft is below the proximal end. The facet
" articulating with the unciform is large and flat, but no facet for McV is observed.
Again, it is closer to that of A. prohorovi, but shorter and more robust. In the flatness of the proxitnal
facet, it is also close to that of A. prohorovi. In P. asiaticumn this facet is concave in dorsal view, and a
facet for McV is still present.
McV (Pl XXXVIII 4, Tab. 47): It is completely preserved. In volar view, it takes the form of an
<. obliquely oriented comma, volar surface of which is very rugose. Dorsally, there is only one facet articulating
 with the unciforrr}.
In both size and morphology, the McV of V 3191, 2 is very close to that of A. prohoroui, differing only
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in proportion. In P. asiaticum this bone is not only much larger, but also has a pronounced volar process
extending posterodistally {Borissiak, 1923b, Pl. VI 7c¢). V 3191.2 is unique in having only one facet
articulating with unciform. In P. asiaticun, two facets articulating with both unciform and MclV are
present, whereas in A. prohorovi the McV is articulated with both unciform and MclV by one large facet
apparently merged by two smaller facets.

Phi — II of middle finger (Pl. XLI 3 -4, Tab. 44): Both are dish-formed, width > thickness > height.
Seen from above or below, the Phl is more or less oval, while the Phil is more or less rectangular, being
lower than the Phl. The proximal facet of the PhIl bears weak and blunt sagittal ridge, bordered bilaterally
by paired shallow depressions, while the distal facet of Phl — PhI are inversely formed, with sagittal grooves
and pairs of convexities.

Both of the two phalanges are more similar to those of A. prokhorovi than to P. asiaticum in general

' proportion. In P. asiaticurm, the Phl is higher in proportion, while the PhII, thinner ( Tab. 44).

Furthermore, the Phl — 1l in P. asiaticum are thicker (APD) at lateral sides than in the medial part
(Borissiak, 1923b, Pl. XI 3 -6). The Phl of V 3191.2 differs from that of A. prohorovi in lacking a
protruded band at the distal end of the dorsal side, which is well developed in the latter {(Gromova, 1959,
Fig. 18 A’), and having more strongly expressed sagittal ridge and groove on proximal and distal surfaces
{more similar to P. asiaticum than to A. prohorovi ).

PRIII of middie finger (Pls. XLLI 5, XI.II 1; Tab. 48): The bone is only partly preserved, with its
lateral angle missing. The preserved medial angle shows that the angle is highly reduced. The proximal
articular facet bears a median ridge and two lateral depressions.

The PhIIl of V 3191.2 differs from all known Phill’s of middle digits of large-sized paraceratheres by its
small size and the strongly reduced angles.

PhI— I of lateral fingers (Pl. XLI 6, Tab. 49): Thc Phl's of lateral fingers are in the form of a
trihedral prism, with distal ends strongly slanting. The PhIl’s of lateral fingers are irregularly cubic in form,
with proximal and distal articular facets being basically parallel. “Pseudo-facets” are present at distal ends on
dorsal sides in hoth Phl and Phil. .

In the degree of concavity and convexity of the articular facets, the Phi— Il of V3191.2 are intermediate
between those of P. asiaticum and A. prohorowi, the latter of which has the most flattened articular facets
in large-sized paraceratheres.

PhIII of lateral fingers (Pl. XLI 7—8, Tab. 45): In dorsal view, the Phlll of the second finger is
generally rectangular in outline (Pl. XLI 8). Each of the mesial and lateral sides is composed of a pair of
angles: proximal and distal, but on the mesial side the angles are better scparated. The dorsal surface of the
PhIII is rather flat and strongly rugose, with a transverse groove at the level slightly above the middle. The
proximal facet is weakly saddled. The PhIII of the fourth finger is larger than that of the second one, but
alike in morphology(Pl. XLI 7).

They differ from those of A. prohorovi and P. asiaticum in being smaller and having a flat dorsaf side
but convex volar side, just opposite to those in the latter two forms. Furthermore, the angles in V 3191.2 are
highly reduccd than in the latter two forms.

Sesamoids (Pl. XXXVIII 5—8): The proximal pair of the middle finger are the largest. Their dorsal
articular facets take the form of 2 Chinese pause mark “.”, and their volar sides are strongly convex and
rugose. [he proximal sesamoids of the second and the proximal mesial sesamoid of the fourth finger are close
in form. They arc curved and bean-shaped. Those of the second finger are smaller in size (Pl. XXXVIII 6~
7). However, the proximal lateral sesamoid of the fourth finger s markedly thinner, but longer and more
curved (Pl. XXXVII 8). No comparison with sesamoids of other paraccratheres can be made because of lack
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of comparable material.

3} Material from Lanzhou Basin (V 3317 -3321)

p3 (Pl. XLII 2, Tab. 36): The tooth is moderately worn. Since no contact facet can be detected on the
anterior side of the tooth, this tooth should be considered the first tooth in the series. This is in full
achi’dance with the type mandible. Though moderately worn, the tooth remains higher than long. Tts crown
view is trapezoid in form, strongly narrowed anteriorly. The paralophid is short, but extends to the! lingual
side of the tooth and slightly bends posteriorly at its lingual end. The protolophid bears a clear vertical groove

-~ on buccal side, and the posterobuccal corner of the protoconid is rounded, without tubercles. The ectbﬂexid is

narrow and deep, and the metalophid is very short. The upper border of the hypolophid is concave in lateral
view, ascending anteriorly, forming the highest part of the tooth together with the metalof;hid. The
entolophid is very long and narrowed lingually. In lingual view, the paraconid is very high, with its top
slightly higher than that of the entoconid. The trigonid basin is narrowed down, becoming a cleft, because of
the backward bending of the paraconid toward the base. The entoconid bends anteriorly toward its base, but

.does not close the talonid basin because of the larger size of the latter. The tooth is surroundéd by an almost
- continuous cingulum. The buccal cingulum is W-shaped, steeply ascending anteriorly and posteriorly. The

lingual cingulum is heavier than the buccal one, closing both the trigonid and talonid basins.

p4 (Pl. XLH 2, Tab. 36): It is similar to p3 in general morphology. However, it is rectangular in
crown view, with much longer paralophid, but weaker cingulum. The entolophid and the posterior part of the
hypolophid are heavily worn, so that the posterior part of the tooth slopes down steeply in lateral view.

m2 (Pl. XLII3, Tab. 36): The heaviest worn tooth of the described teeth. The trigonid takes the form
of an oblique U, with the buccal wall of protolophid weakly rounded. The trigonid basin takes the form of a
narrow fissure when heavily worn, but the talonid basin is widely open. The buccal cingulum is well
developed only at both ends: the anterior part ascends almost vertically to join the almost horizontal anterior
cingulum, and the posterior part ascends less steeply to join the posterior cingulurn, which is lower than the
anterior one. Tubercles are present at the base of the ectoflexid. The lingual cingulum s developed only &t the
lingual end of the paralophid, and at the outlet of the talonid basin in the form of tubercles.

m3 (Pl. XLII 4, Tab. 36): It is closely similar to m2, but larger. The anterior part of the lingual
cingulum is better developed, ciésing the trigonid basin. ,

-~ P4 (Pl. XLII 5): It is rather high crowned, about equally high and long when moderately worn. The

‘buccal wall of the ectoloph is convex, with a faint parastyle fold. The lingual wall of the ectoloph bulges at the

place of the metacone. The hypocone is connected with the protoloph, taking the form of a gourd with long
stalk turning buccally. The part of the protoloph buccal to the protocone is thin, but links with the ectoloph at

. higher level. The metaconule takes the form of an elbow, remaining isolated from both ectoloph and hypocone
‘ "~ when moderately worn. The tooth is surrounded by a continuous cingulum, with its lingual portion prominent
.. and situated high. Both ends 6f the buccal cingulum ascend sharply. The tooth is 43.3 mm long, 52.4 mm

wide, 44.5 mm high at buccal wall, and 27.2 mm high at the lingual side of the hypocone.
(2) Discussion

The reasons we prefer to associate the manus (V 3191.2) with the anterior part of the mandible (V
3191.1) are threefold. 1) They were found from the same site (IVPP Field no. 64081.3). 2) They are
small and comparable in size. The lower cheek teeth of V 3191.1 are generally 0.8 — 0.9 as long and wide as
‘those of A. prohorovi (Tab. 36), while most of the carpal and metacarpal bones are either as large as the
smallest of those of A. prokorovi, or even smaller ( Tabs. 14 — 18, 35—37, 41 —42, 44 —49). However,
the phalanges of V 3191.2 are certainly the smallest among all the known paraceratheres. 3) In morphology,
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both V' 3191.1 and V 3191.2 possess some mixed features of A. prohorovi and P. asiaticum , in addition to
features uniquely possessed by themselves.

'The features of V 3191.1 -2 similar to those of A. prohoroui are the following. 1) The p3 is triangular
in crown view; posterobuccal comer of protoconid in p3 — p4 is rounded, without pearl-formed tubercles, but
the entolophid is fully formed. 2) Almost all the manus bones are low (carpals) and short (metacarpals)
relative to their widths, thus close to those of A. prohorovi in proportion. 3) There are “hindering facets” in
proximal surfaces of the scaphoid and lunar.

The features of V 3191.1— 2 similar to those of Paraceratherium are the following. 1) The scaphoid
bears a small facet articulating with the trapezium. 2) The cuneiform, pisiform, magnum and unciform are
more similar to those of Paraceratherium in general morphology (vide supra). 3) The narrowest part of the
metacarpals is around the lower boundary of the proximal 1/3 of the shaft. 4) The paired convex surfaces on
the distal side of the Phl of middle finger are more or less confluent rather than clearly separated from each
other.

The features possibly uniquely possessed by V 3191.1 — 2 are the following. 1) The symphysis and the
paired il are very peculiar in morphology: their lower border forms a straight line, the two il’s are widely
separated from each other. The il is covered by very thin enamel layer, with faint cingulum. 2) The p1—p2
arc cornpletely lost, without even alveoli. 3) The facets articulating the lunar with magnum are rather
horizontally positioned. 4) The McIV and its related bones (cuneiform, unciform and phalanges) are wider
relative to the Mcll and its related bones. 5) All the PhIII’s are highly reduced, with particularly reduced
angles.

[t is interesting to note that some of the features of V 3191. 1 — 2 are rather close to those of
Benaratherium callisiraii from Benar, Georgia, established by Gabunia (1955, 1964). Both forms are
small, comparable in size. The morphology of the lower premolars, the distal facet of the lunar articulating
with the magnum, the position of the narrowest part of the metacarpals and the relative robustness of the
McIV with its related bones of these two forms are also very close. The two forms differ from each other in a
tew characters, such as the higher crowned teeth and the presence of “hindering facets” ete. in V 3191.1—2.
It is a pity that Benaratherium callistrati is so far only poorly known, especially concerning its symphysis
and i1. A more detailed comparison between these two forms is not possible now. For the time being, we
prefer to establish a new genus and species for the material of V 3191. 1 =2 Turpanotherium elegans.

The p3 and pd of the material from the Lanzhou Basin are so close to those of V 3191. 1 that we have no

hesitation in referring the Lanzhou material to the same taxon as V 3191.1.

Turpanotherium? yagouense (Qiu, Wang et Deng, 2004)

Paraceratherium yagouense Qiu, Wang et Deng, 2004

Holotype: V 13820, a juvenile skull with DP1 —DP4, M1 and unerupted M2 and right P2, from Yagou,
Dongxiang County, Linxia Prefecture, Gansu Province, Late Oligocene.

Emended diagnesis (according to Qiu et al., 2004a) : “Small, close to P. bugtiense in size. Length of
muzzle anterior to DP1 not surpassing DP1 — DP4. No upper incisors, canines and P1. Cheek teeth high-
crowned, with thin layers of cement. M1 possesses crown height equaling the maximum crown length,
protocone with lingual groove. DP2 ~ M1 with large antecrochet, anterior protocone and hypocone
constriction grooves, high and ridge-formed anterior and posterior eingula, lacking lingual cingulum, often
with pillar-formed tubercles in the middle of anterior cingulum, medisinus, postfossette and posterior ©
antecrochet. ”

Comments: (iu, Wang and Deng (2004a) first attributed this new form to the genus Paraceratherium
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bt did not exclude the possibility that “the Yagou material may represent a new genus” (Qiu ez al . ;' 2004a,
p. 188, in Chinese text). The small size and the high crowned cheek teeth of this Yagou skull are the features
riost characteristic of the new genus Turpanotherium . This is why we decide to transfer the Yagou skull to

the new 7 genus tentatively, with question mark.

Turpanotherium sp.
(Pl. XLIIT 1-3; Tabs. 36, 50)

Referred specimens: 1) V 3307 (Geologic Mapping Team of Ningxia Field no. Q127-HB-127 ‘)‘, left
p4 —ml and trigonid and hypolophid of m2, from grayish and grey-yellow sandstone and conglomeraté in the
Basal part of ‘the Hongliugou Formation, Yuanjiawowo Village, Haiyuan County, Ningxia, Early Miocene?.
2) V 3308 (IVPP Field no. 78018), left MtIV, from the Upper Member of Wulanbulage Formation on west
slope of Qianlishan Mountains, 8 km southeast of Taositu Railway Station, late Early Oligocene — Late
Oligocene. 3) V 3309 (IVPP Field no. 77046.2) , incomplete left astragalus, {rom upper part of’ Oligocene
deposits near Wulanmannai valley. 4) NMB 4343, a right M3 collected from Bayantaohal, “Wuhai, Nei
Mongol (IMM collection).

Description and comments: The teeth of V 3307 (Pl. XLII 1, Tab. 36) are small, but rather high-

crovned. The moderately worm p4 is higher than long. The m1 and m2 are also rather high-crowned. Taken
as a whole, these teeth are very close to those of V 3191. 1 in morphology. The MtIV-of V 3308 (Pl. XLIII
2, Tab. 50) is very short and robust, with its narrowest part of the shaft at its upper 1/3. The astragalus of
V 3309 is also very small and seems to be rather low relative to its width. The teeth of V 3307 are more or
Iess certain to be referred to Turpanotherium , while the referral of the other two specimens to this genus is
highly coﬁjectural.

' The M3 of NMB 4343 (PL. XLIII 3) is very small in size, with its lingual L. 64.3 mm, Max W 75.5
mm and L of ectometaloph 71.4 mm. However, it is rather high-crowned, with its Max observed H reaching
60 mm. Small antecrochet and crochet can be observed, and the cingula, especially the anterior and lingual

ones, are very prominent, rather similar to those in Deungariotherium tienshanense.

Paraceratheriinae gen. et sp. indet.
(Pl. X1L.II4—-7; Tabs. 11, 15, 17, 25, 33, 41, 48)

Material; 1) West slope of Qianlishan Mountains: IVPP Loc. 78018: V 3310, heavily damaged right -
horizontal ramus with part of symphysis, with right il and dp3 —ml; V 3311, PhlI of lateral digit. IVPP
Loc. 79013.2: V 3315, left unciform (Tab. 17). 2) Wulanmannai Valley (Saint-Jacques): IVPP Loc.
77046 V 3270, Phl of lateral digit. IVPP Loc. 77046.2: V 3312, Phlll of middle digit (Pl. XLIII 6,
Tab. 48). IVPP Loc. 77046.3: V 3313, left trapezoid (Pl. XLIII 4, Tab. 41). IVPP Loc. 77049.4: V
3314, right trapezoid. 3) Haiyuan County, Ningxia, exact locality unknown: V 3316, right MtIII (PIL
XLIII 5, Tab. 33). 4) v 824, right lunar (Pl. XLIH 7), Lingwu, Ningxia, Qingshuiying Formation,
Oligocene. : '

Comments: The above listed specimens were found by the joint team of the IVPP and the 4® Regional
Surveying Brigade of Ningxia during 1978 — 1979. Although their stratigraphic position is more or less
Certain, their systetnatic position remains unclear because of the paucity of the collected matetial. Similar case
E}lolds true for the material from Lingwu County, Ningxia, about 240 km south of the Wulanmannai ( Saint-
cques), described by Young and Chow in 1956. The material from Lingwu is composed of a cranial part of
ull, 2 P2, a humerus and proximal parts of radius and ulna. Judged from the size of the skull and the
rphology of the paroccipital-posttympanic process, the cranial part of the skull is possibly to be attributed to
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the genus Paraceratherium , being probably more advanced than P. grangeri, but more primitive than P
lepidum . The P2 (originzally identified as P3 by Young and Chow) is triangular in outline, protoloph being
confluent with the hypocone, thus unlike the P2 of P. grangeri and P.. asiaticum (where P2 is rectangular
and the protocone is separated from hypocone, wide Granger and Gregory, 1936, Fig. 2). It is more of legs
similar to that of P. lepidum . The humerus is definitely longer and more slender than those in P. lepidum
and A. prohorovi (Tab. 11). In proportion it is closer to that of P. asiaticum, but seems to be shorter
(Tab. 11). The lunar is stnall, bearing a small “hindering facet” on its anterior end of the proximal side, and
its distal angle is rather symmetrical (Pl. XLIII 7a—c). In size and proportion, it is rather close to that of
T. elegans (Tab. 15), but differs from the latter species by having a symmetrical distal angle. No lunar has
been found in the material of P. lepidum., and a comparison with the latter species is impossible.: The true
affinity of the lunar from Lingwu is so far uncertain. As a whole, the material described by Young and Chow
(1956) cannot be safely referred to any of the known paraceratheres at present.
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- III. GEOGRAPHIC AND STRATIGRAPHIC DISTRIBUTION
OF PARACERATHERES

In the early stage of study of the paraceratheres, no in-depth stratigraphic investigation of pa:acera‘éhere
earing deposits was made. For instance, the 3CAE accumulated rich data of firsthand field obsers?étion.
lowever, at the same time large numbers of problems concerning the dating and correlation of these deposits
ere left unsolved. Similar case holds true also for the other famous paraceratherg localities, like Dera Bugti in
akistan and the Turgai area in Kazakhstan. .

Since the ending of the Second World War, especially in the last 20 — 30 years, great progres’s; has been
made in the field of strétigraphy. With the application of new techniques (isotopic dating, paleomagnetism,
hital chronology, etc.), the precision of the GTS has been greatly enhanced (Gradstein _et":al ., 20043 .
Specitically, the boundaries of Oligocene have finally been fixed at 33.9 Ma (lower), 28.45 Ma (Early-Late
Migocene) and 23. 03 Ma (upper). The Middle-Late Eocene boundary is fixed at 37.2 Ma, and the Lutetian-
Bartonian boundary, at 40.4 Ma. At the same time, considerable amount of field -sfudy of the deposits
ielding paracerathere fossils was carried out, and numbers of problems concerning stratigraphic correlation
d dating of these deposits were cleared up. The following is a briefing of the progresses in light of the
current advancement in GTS.

1. Progresses in Stratigraphic Work of the Classical Areas Yielding Rich Paracerathere Fossils
{1) Tsagan Ner Basin, Mongolia

The paracerathere fossils were found from localities near the Loh Camp and in the area of the Grand
-4hyon ( =Tatal Gol, Ulaan Khongil).

The most important paracerathiere fossils from the Loh Camp area were those found by the 3CAE. Based
it the “Field Records of Fossils” of 3CAE, the first is Field no. 90, including “proximal and distal ends of
umerus and fragment of lower jaw. Also left half of skull,” found “2 miles southwest of Loh Camp on fourth,
ugust 1922”; while the second is no. 539, including “both fore feet and right hind foot complete, and the
listal ends of metacarpals and all phalanges of the left hind foot. Also distal ends of limb bones on three feet,”
(;ilnd on June 17%, 1925. “This specimen is on about the same level as the skull of Baluchitherium collected
: _1922, and about 1/2 mile west of that focality.” The locality yielding paracerathere fossils in the Grand
Canyon is the valley called Tatal Gol, 8.5 miles west of the Loh Camp. There the paracerathere fossils were
chiefly collected by the Méngolian Paleontologic Expedition organized by the USSR Academy of Sciences in
948 — 1949, composed mainly of skeletal bones of smaller size, including a right pes (Gromova, 1959, p.
8, Tabs. 28, 30 — 33, 35—43). Those found by the 3CAE are only a few and unimportant.

. Extensive geologic survey with particular emphasts on the paracerathere-yielding localities was done by
he Mongolian-American Paleontologic Expeditions (MAE) organized by the AMNEH during 1990 — 1998 and
¥ the Austrian-Mongolian Project { AMP) supported by the Austrian Science Foundation and the IGCP
iﬁoject no. 326 conducted in 1995 — 1997. A monographic work containing the main view points on
tratigraphy of this area written by McKenna et al. on behalf of the MAE is being circulated among
értebrate paleontologists, but not yet published. The results of the AMP geologic survey was dlready
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published (Hock et al., 1999).

According to MAE, the redefined Hsanda Gol (replacing Shanda Gol) Formation is composed of 3
members: Tatal Member ( Ulaan Khongil Fauna), Khar Khoroo Lava Member, and the Shand Member
(Ulaan Khongil and Zavlia Fauna). The total thickness of the formation at the Loh Camp area is 57.5 1,
The Tatal Mbr is “dark red color with few color bands,” while the Shand Mbr “is represented by reddish-
brown claystones and sandstones with abundant palecsols that give the Shand Mbr a subtle striped
appearance. " Using * Ar/* Ar laser dating method, the Khar Khoroo Lava was dated as 31.2 0. 06 Ma,
Another important work the MAE made is the tracing of the stratigraphic position of the paracerathere fossils
collected by 3CAE in 1922 and 1925. All these paraceratheres {ossils, including the type skull (AM 18650),
were found from the basal part of the Shand Mbr, containing the Ulaan Khongil Fauna.

The results of the AMP geologic work differ slightly from those of MAE (Daxner-Héck et al., 1997,
Hock et af., 1999). They have found two basalt layers in the working areas. The measured ages of 16
samples of Basalt I { = Khar Khoroo lava) show that it erupted around 31.5 Ma, with ages ranging from 30.4
to 32.1 Ma. The Basalt 1] is already interbedded in sediments of the Loh Formation, and its age is around 28
Ma, ranging from 27 to 29 Ma. Therefore, the transition from the Hsanda Gol Formation to Loh Formation
is diachronous, between 29 to 24 Ma.

The recently published GTS 2004 (Gradstein et al., 2004) suggested the age of the boundary between
the Early and Late Oligocene is 28. 45 Ma. Therefore, all the paracerathere lossils found by the 3CAE,
including the holotype skull of P. grangeri, should have come from the lower part of the Shand Mbr, above
the Khar Khoroo Lava, and their ages should be fixed at about 31 —28 Ma, i.e., late Early Oligocene.

(2) Eren Region, Nei Mongol, China

1) Localities vielding Juxia sharamurenensis

All the material of J. sharamurenensis described in this volume is from the type section of the Shara
Murun Formation at Ula Usu. The Shara Murun Formation in Eren region is particularly fossiliferous, and its
mammal faunas have been extensively studied. In GTS 2004, Sharamurunian has been accepted as one of the
Asian Land Mammal Ages (AI.MA), representing the upper half of the Middle Eocene, spanning from 40.4
to 37.2 Ma (Gradstein et af ., 2004).

Radinsky (1967) mensioned three other specimens of 3CAE kept in the AMNH referred by him to J.
sharamurenensis (called as Forstercooperia sharamurenense by Radinsky): a mandible (AM 20286), a
juvenile skull and mandible ( AM 20287), and a right pes (AM 20288). The first two specimens are indeed
very close to J. sharamurenensis in size. However, the pes seems to be too small to be referred to this
species, if the scale of the Fig. 10 in Radinsky’s paper ( X 1/2) is true. Lucas et a/. (1981) referred some
other specimens from Irdin Manha Formation at Irdin Manha, and possibly Shara Murun Formation in
localities north of Tukhum to J. sharamurenensis as well. Tlowever, Lucas er al. s identification is to be

further verified.

2) Locality vielding Juxia shoui

The creators of J. showi mentioned only that the type specimen came from the Ulan Gochu Formation at
Urtyn Obo (@ and Zhou, 1989, p. 205). Since a lunar bone of Juria size was found from the “Lower
White” (Ulan Gochu Formation) at Urtyn Gbo (Osborn, 1929a) by Qi and Wang ( wide supra ), the type
skull of J. shoui may well have been found in the same layer. If this is truc, the existence of the genus Juzia

may extend to the lower part of the Ulangochuian ALMA, i.e., early Late Eocene.

3) Localities yielding Urtinotherium parvum
The localities yielding U. parvum [ossils in Ercn region are the “Lower White” beds at Urtyn Obo
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(EMM 0146) and the “Baron Sog” beds at Jhama Obo (AM 26190). The presence of U. parvum in “Baron
Sog” beds at JThama Obo (metapodials, tarsal bones and phalanges, wvide supra ) renders it highly necessary to
reconsider the age assignment of the Jhama Obo’s “Baron Sog” beds. At any rate, it should be assigned to the
Ulangochuian ALLMA, i.e., Late Eocene, rather than to Oligocene.

4) Localities yielding Urtinotherium intermedium f

;I'/he localities ylelding U. intermedium fossils in Even region are: the “Middle White” beds at Uriyn
Obo), the “Ulan Gochu” beds of Jhama Obo, the “Houldjin gravels” at Camp Margetts and the locality 7 mlles
W of Camp Margetts. . '_:‘
~ The type mandible of U. intermedium was only loosely reported to be found from Oligocene beds.
Judged by the color of the mandible {grayish white) and the adhered matrix (white sandstone and claystone),
it is certain that the specimen came from some white beds, but it is hard to decide whether it came from the
lower, or middle, or even upper “white beds” in Osborn’s profile. However, according to Wood (1939), the
radivs (AM 26026 [772]), which is referred to U. intermedium by the present authors (wide sup%a ). was
certainly from the “Middle White” in Osborn’s 1929 section. This led us to think that the type mandible may
also be from the “Middle White.” In addition, the maxilla of Dzungariotherium erdenensis cféated Iby Qi,
which is also transferred by us to U. intermedium (wide supra), probably came from this layer as well (Qi,
1989, p. 301). p

A mandible from the “Ulan Gochu beds” of Thama Obo (AM 26032 [702]) was referred by Radinsky

(1967, p. 37) to Indricotherium parvum . This specimen is quite large in size, with its ml — m3 200 mm
long. This is roughly comparable with that of U. intermedizm , which is 209 mm (Tab. 35). There are
two layers yielding paracerathere fossils at JThama Obo: U. intermedium from Ulan Gochu beds and .
parvum from “Baron Sog beds”. U. intermedium is certainly more advanced than U. parvum. This is in
contradiction with the stratigraphic positions of these two layers (“Baron Sog beds” are stratigraphically
- higher than Ulan Gochu beds), a problem to be clarified in-the future.
' The McIIl from the “Houldjin gravels” at Camp Margetts ( AM 26389 ), originally referred to
- Baluchitherium grangeri , has now been transferred to U. intermedium by us (vide supra). The other
animals reported from the same layer include: Metatitan relictus, Hyotitan thomsoni, Hypercoryphodon
~ thomsoni , Lophialetes expeditus Entelodon gobiensis and E. dirus (Osbom and Granger, 1932; Granger
and Gregory, 1943; Radinsky, 1965; Lucas and Emry, 1996b). This faunal list, especially the presence of
the brontotheres and the archaic coryphodonts, tends to show that the “Houldjin gravels” at Camp Margetts
are different from the “Baron Sog” at Urtyn Obo, where “no records of titanotheres and embolotheres” were
found (Osborn, 1929a, p.3), and considerably different from the typical Houldjin gravels in the suburb areas
of Erenhot, where Aralotherium sp. was recorded (wide supra). Tt is highly possible that the ‘éHouldjin
gravels” at Camp Margetts should be correlated with the middle part of the Ulan Gochu Formation. The same
is true of the “Houldjin gravels” -at the locality 7 miles west of Camp Margetts, where an axis was first
described by Granger and GregOry (1936) as belonging to Baluchitherium grangeri , but transferred to U.
intermedium by us (vide supra ).

The distribution of the genus Urtinotherium in Eren region is restricted to the Ulan Gochu Formation.
However, the concept of this formation has not been fully clarified. It was named in 1925, based on the
section of the Ulan Gochu escarpment (Osborn, 1929a; Berkey er al., 1929), where the formation is
composed of a layer of red clay, only 2 feet thick. The red clay becomes thicker and thicker towards the east;
reaching 122 feet at Twin Obo and 195 feet at Urtyn Obo, where the lithology becomes more complicated,
consisting of four intercalated white and red beds (Oshorn, 1929a, Fig. 2). The fossils of this formation
recorded from Twin Obo include Embolotherium loucksii and Brachyhyops neimongolensis (Wang and Qiu,
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2002). The fossils so far known from Urtyn Obo are: Juxia shoui and Urtinotherium parvum from the
“Lower White”; rich embolotheres, including Embolotherium andrewsi and E. grangeri from the “Middle
Red” and U. intermedium, Ardynia praecor and Schizotherium awitum from the “Middle White ”
Faunistically, the Ulan Gochu Formation is thus better represented at Urtyn Obo, but not the stratotype g
Ulan Gochu escarpment.

5) Localities yielding Paraceratherium grangeri

Granger and Gregory (1936 ) indiscriminately lumped all the 3CAE specimens of large-sized
paraceratheres from the Eren region into one and the same species, Paraceratherium grangeri. After some of
them having been transferred to other genera and species (wide supra ), there remain three major localities
vielding P. grangeri: the “Baron Sog Formation™ at Urtyn Obo and Nom Khong, and the “Houldjin
gravels” at Overnight Camp. '

The “Baron Sog Formation” at Urtyn Obo and Nom Khong are almost identical. They were characterized
by Oshorn (1929a) as containing exclusively baluchitheres, bist no brontotheres-emholotheres, which became
extinct by the end of the underlying Ulan Gochu Formation. Other forms described from there are Ardynia
Eazachstanensis (Radinsky, 1967), Entelodon gobiensis (Lucas and Emry, 1996b), Schizotherium avitum
(Coombs, 1978), and Tsaganomys altaicus and Cyclomylus intermedius (Wang, 2003). This faunal list is
in contradiction with that from the original “Baron Sog beds” proposed by Granger (1925). The faunal list of
the latter includes large samples of Embolotherium witimum ( Granger and Gregory, 1943 ),
Zaisanamynodon borisovi (Lucas et al., 1996), and Lophiomeryx anagarae (Granger, 1925}, This fauna
of the “Baron Sog beds” looks more similar to that of Ulan Gochu Formation rather than to that of “Baron Sog
Formation” at Urtyn Obo and Nom Khong. In fact, Jiang (1983) has proposed andther name for the so-called
“Baron Sog Formation” at Urtyn Obo and Nom Khong: Upper Nacgangdai Formation, which we prefer to
follow.

The f{ossils of the large-sized paraccratheres discovered from the “Houldjin gravels” at the Overnight
Camp are really similar to those from Urtyn Obo and Nom Khong in size and difficult to be referred to a
species other than P. grangeri. From the same gravel beds Metatitan relictus was reported {Granger and
Gregory, 1943). While prospecting the outerops of this area in 2005, we found a maxilla with P3 — M2 of
Allacerops turgaica (VPP Field no. EL 200510), a form often associated with P. asiaticum in
Kazakhstan. Judged from the mamimalian fossils, “Houldjin gravels” ar the Overnight Camp may be
contemporaneous with the typical Houldjin gravels particularly developed in the suburb areas of Erenhot City.
On the other hand, the “Houldjin gravels” on the top of the section ar the locality 16 km SW of Camp
Margetts are certainly older than the typical Houldjin gravels as evidenced by the prescnce of mainly Irdin
Manha mammals, such as Eudinoceras mongoliensis, Gobiatherium mirificum , Lophialetes expeditus,

Lophialetes sp. , cte. Qi (1987) also found Andrewsarchus gigas in the top-most layer of the section.

6} Localities yielding Aralotherium sp.

All the materials described in this volume as Aralotherium sp. are from the typical Houldjin Formation
in the suburb arcas of Erenhot City. However, the problems concerning the age of the Houldjin Formation are
very perplexing. In addition to Aralotherium sp., Entelodon dirus, Cadurcodon sp., Cacnopinae indet.,
and Brontotheriidac indet. were first reported ( Matthew and Granger, 1923a). In recent years some
micromammals were also recorded : Gobiomys neimongolensis, G. exiguus, Advenimus of. A. bohiini, A.
of. A. burkei, Yuomys sp. and Protataromys sp. (Wang,2001c). While prospecting these areas, we also
found Aprotodon and Hyaenodon of very large size, in addition to brontotheres and amynodonts. Taken as 8
whole, the micromammals tend to show a rather older age (probably early Ulangochuian), while the large
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mammals show a younger age (Ergilian). For example, Entelodon dirus, Hyaenodon of very large size.,
Cadurcodon, and embolotheres are more or less comparable with those found from the Ergilin Member of
Mongolia. Aralotherium sp. and Aprotodon are commonly found only in Late Oligocene. The presence of
the two latter forms in the typical Houldjin Formation is rather enigmatic. At present, the possibility that the
Houldjin'f‘ormation are heterogeneous, composed of mammals of different ages, can not be fully excluded.
However, il Aralotheriumn and Aprotodon could occur earlier than presently known, then the age of the
typmal Houldjin Formation may be correlative with that of Ergilian ALMA, i.e., late Late Eocene in- GTS
2004.

{3) Kazakhstan

The localities yielding the large-sized paraceratheres in Kazakhstan are mainly in two regions: the fegion
along the Turgai River and the Lake of Chelkar-Teniz (type locality of P. asiaticum ), and the Northern
Priaral area (Kumbulak, type locality of A. prohorovi ). In addition, some paracerathere fossils Were also
found from the lower reach of Ifi River and southwest slope of Alatau Mountains in southeastern part -of
Kazalchstan. '

As early as 1915, Borissiak dated the deposits vielding the large-sized paraceratheres a.round the Lake of
. Chelkar-Teniz as Oligocene, based mainly on the evolutionary level of Allacerops turgaica .- In 1948 Borissiak

already correlated these paracerathere deposits with those of Loh in Mongolia in age. Borissiak’s opinion has
heen followed up to now. Recent study shows that the facies of the deposits yielding P. asiaticum in the
Turgai area changes from west to east. In westemn part the deposits are called Saryin Formation, consisting of
light-colored sandstone intercalated with clay of deltaic facies. Near the Lake of Chelkar-Teniz they are called
Chelkarnura Formation, consisting of lagoonal green clay. In eastern part of the area they are called
Betpakdala Formation, turning into brown or red clay of confinental origin. All these three formations are rich
of paracerathere fossils. However, they may not be strictly contemporaneous. The Saryin Formation may be
slightly ofder than the Chelkarnura Formaticn, which may be in turn slightly older than. the Betpakdala
Formation.

According to Lucas ez al. (1998), the Oligocene deposits are continental intercalated with marine and

brackish layers. The base of the Oligocene deposits is Kutanbulak Formation of marginal marine facies,
unconformably overlying the Eocene marine Chegan Formation. Next is the Chilikta Formation, which is
mixed marine-freshwater in facies, yielding Paraceratherium fossils. Chagray Formation of marginal marine
facies overlies uncorformably the Chilikta Formation. The top of the Oligocene deposits is Aral Formation,
" which is mixed marine-freshwater in facies, yielding rich bivalve Corbicula and the rich samples of
" Aralotherium prohoroui. The unconformity between Chilikta and Chagray formations is considered the Early-
_Late QOligocene boundary. Therefore, Paraceratheriuwm asiaticum occurred in the later hall of Early
Oligocene; while Aralotherium prohorovi, late Late Oligocene.

(4) Baluchistan, Pakistan

Dera Bugti, where the first large sized paraceratheres were found, had long been assigned o Miccene,
mainly because of the presence of the proboscidean fossils allegedly in association with the paraceratheres. In
recent years since the end of 1990’s, a joint expedition organized by French and Pakistan scholars has pursned
an extensive geologic survey in this area, and succeeded in darifying a number of long standing perplexities.
Amocng them the most important is the alleged coexistence of the proboscideans with the paraceratheres.
According to Welcomme et @f. (2001), in Dera Bugti area the Oligocene deposits are represented by the
Chitarwata Formation. Its basal part, Nal Member, is composed of typical marine deposits with rich Early
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Oligocene nummulites. The majority of the Chitarwata Formation is called Bugti Member, which is totally
continental. Thirty meters above the Nal Member, in Layer C2, not only fossils of Paraceratheriyy,
bugtiense, but also rich micromammals were found. Among the latter, Pseudocricetodon nawabi Was
recorded ( Marivaux ez al., 1999 ), which might belong to the earliest Oligocene forms of the
Pseudocricetodontinae  in  Europe.  Above the Layer C2 are three fossiliferous layers containing
Paraceratherium , Aprotodon , Paraentelodon , Palaeohypsodontus, etc. Only at the top, 25 — 40 m above
the above mentioned fossiliferous layers, typical Miocene forms, such as Prodeinotherium , Gomphotherium,

Bunolistriodon , Eotragus, start to occur.
(5) Turpan Basin, Xinjiang, China

The localities yielding large-sized paraceratheres are centered in three gullies north of the railway station
of Feiyue (IVPP Loc. 64080, 64081 and 64082), with Loc. 64081 being the richest. According to Zhai
(1978), all these localities were situated within the top-most 100 m of the more than 700 m thick
Taoshuyuanzi Group.

The paraceratheres of this area now include four forms: Paraceratherium lepidum , Dzungariotherium
turfanense, D .7 tienshanense and Turpanotherium elegans. Judged from their evolutionary levels,
especially that of T. elegans, it is perhaps safe to say that these fossiliferous layers should be Late QOligocene
in age. Zhai (1978) described eight other forms from these same localities: Amphechinus of. A . rectus,
Amphechinus? sp. , Hyaenodon? sp. , Sinolagomys kansuensis, Yindirtemys sp. {originally Tataromys cf.
A . sigmodon), Aceratherium? sp., Schizotherium sp., and Didymoconus berkeyi . Among them, A . cf.
A. rectus, 5. kansuensis, Yindirtemys sp. and DD, berkeyi are the commonly occurred species in the
Oligocene paracerathere beds. Having checked the limb-bones referred by Zhai to Schizotherium sp., we
found that they are much larger and more advanced than those of 8. turgaicum, which was found in

 association with P. asiaticum . This is in good accordance with the conclusion drawn from the evolutionary
levels of the paraceratheres.

Fig. 29 depicts the major formations yielding Paraceratheriinae fossils in Asia.

2. Localities Yielding Sparse Paracerathere Fossils in China
(1) Ordos

Wulanmannai Valley, Nei Mongol: Having visited this valley three times (1977, 1978 and 2006), we
are fully convinced that this valley is the same valley where Teilhard de Chardin collected his Oligocene
mamumals in 1923, So far two forms of paraceratheres have been recorded by us: Deungariotherium
tur fanense and Paraceratherium sp. (vide supra). These deposits have never been formally named. While
describing the newly found carnivores from this valley, Wang and Qiu (2003) gave a revised list of the Saint-
Jacques fauna, including about 35 forms, mainly of small mammals. On the basis ol the investigation of the
team of IVPP and the Fourth Geologic Mapping Brigade (1978 — 1979), the lithology of these [ossiliferous
deposits { meinly Tcilhard de Chardin’s first and second layers of sands with Baluchitherium ) can be
compared with the Wulanbulage Formation cstablished on the western slope of the Qianlishan Mountains.
Their age assignment differed considerably, from Early Oligocene {Wang and Qiu, 2003), Middle QOligocene
(Wang, 1987a—b), Late Oligocene (Teilhard de Chardin and Licent, 1924c¢; Teilhard de Chardin, 1926),
to Aquitainian ( Teilhard de Chardin and Leroy, 1942). Judged from the evolutionary level of the
paraceratheres, these fossiliferous deposits are more likely to be later than those of the Loh and Turgal
localities, . e. . early Late Oligocene.
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West slope of (Jianlishan Mountains, Nei Mongol: This is one of the best exposed Oligocene deposits
with rather rich mammalian fossils in China, containing the stratotypes of both Wulanbulage and Yikebulage
- formations (Wang et al., 1981). The large sized paraceratheres were discovered only in the Upper Member
“of the Wulanbulage Formation. Our identification revealed three forms: P. lepidum, D. turfanense and
: Turpanothmum sp- But the identification of the latter form is highly conjectural (wide supra). The age of
- the Upper Member of the Wulanbulage Formation is better to be assigned to early Late Oligocene. ;
Qinshuiying, Lingwa, Ningxia: The only paracerathere fossils from this locality were those first
described by Young and Chow (1956) as Baluchitherium grangeri. Our observation of these specimens ténds

1o show that they have nothing to do with P. grangeri, but their true nature is hard to determine at prgéent.
“The accompanied mammals, Cyclomylus lohensis and Archaeotherium ordosius, are comparable to’ those
“commonly occurred in Hsanda Gol Formation. Therefore, the fossiliferous beds of the locality Qingéhuiying
:may be Early Qligocene in age.

(2) Lanzhou and Linxia Basins, Gansu

Lanzhou Basin: Preliminary geological investigation was conducted by Young and Bien ,('i937) , who
-established the Xjanshuihe Formation for the most fossiliferous part of the section along the Xianshuihe River.
“The age of the Xianshuihe Formation was first assigned to Miocene based on the mammalian fossils of

Tunggurian character found from the top of the formation. A detailed study of the Xianshuihe Formation by
- Qiu ez al. (1997, 2001) resulted in subdividing the formation into three members characterized by different
*faunal assemblages: lower (Oligocene) , middle (Early Miocene) and upper (Middle Miocene) members. The
. large-sized paracerathere fossils were found from both lower ( Paraceratherium sp.) and rmddle
( Turpanotherium elegans) members (vide supra ).
‘ Linxia Basin: The first paracerathere fossils of the Linxia Basin were reported by Qiu ef al. (1990)
> They were from the basal part of the Cenozoic deposits, called Jiaozigou Formation, and identified as
- belonging to D. orgosense. Base on the wrong information that a part of proboscidean tusk had been collected
“together with the paraceratheres, Qin er af. [irst assigned the formation to Early Miocene. Later, more
careful investigation of the area proved that the alleged association of the paraceratheres with the proboscideans
“was certainly wrong. Another form of paracerathere found from Linxia Basin is Turpanotherium? vagouense
. (originally described as Paraceratherium yagouense ). The latter is rather advanced in character, being rather
* high-crowned, provided with multiple accessary column-like tubercles in upper cheek teeth, etc. Thus, the

age of the Jiaozigon Formation is better to be considered Late Oligocene.
(3) Xinjiang
Junggar Basin: The type skoll of Deungariotherium orgosense was excavated [rom the brown beds of
- Shawan Formation in south border area of the Junggar Basin. An advanced form of Lophiomeryx was
- reported from the same site (Chiu, 1965). The progressive characters of both forms suggested strongly that
he Shawan Formation should be late Late Oligocene in age.

Another paracerathere is Aralotherium suni (Ye et al., 2003), found from the newly established
- Tieersihabahe Formation along the north bank of Ulungur River in north Junggar Basin. Rich micromammal
ossils, incduding more than 20 species, were collected together with the paracerathere specimen. The age of

his new [ormation is considered Late Oligocene.
(4) Eastern Yunnan

Lunan Basin: The type specimen of Urtinotherium parvum was found from the upper part of the Lunan
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Group (Chow, 1958; Pei et al., 1963). Xu and Chiu (1962) scparated the upper part of the Lunan Group
containing Urtinothertum parvum from the underlying deposits and established a new formation, Anrencyn
Formation. Zheng et al. (1978) subdivided the Lunan Group into a lower Lumeiyi and an upper Xiaotun
formations. Meanwhile, Forstercooperia shiwopuensis and some other specimens referred to this genys
without determination at species level were later added to the faunal list of the Lunan Group (Chow et af.
1974; Zheng et al., 1978; Zhang et al., 1978). However, their stratigraphic positions have never beeq
dleatly settled.

Based on the paraceratheres and in light of the currently used GTS 2004, the Xiaotun (or Anrencun)
Formation could only be assigned to early Late Eocene because of the presence of U. parvum , which wag
recorded in Net Mongol only in lower Ulan Gochu Formation. If Juzia is present in Lunan Basin as Zheng ¢
al . suggested, it should cocur only in the Lumeiyl Formation.

Qujing Area: The fossiliferous deposits in this area are the Caijiachong Formation. Since the only
paracerathere {ossils found from this formation have now been transferred to Urtinotherium parvum , the age
of Caijiachong Formation is accordingly to be assigned to Late Eocene. 7

Shizong Area: The only known mammalian fossils found {rom this area are the parééGratheres. Now
these fossils have been identified as Urtinotherium intermedium (wvide supra). This would mean that the
fossiliferous beds of Shizong Area are late Late Eocene in age, since otherwise this species has only been found
in the upper half of Ulan Gochu Formation in Nei Mongol.

(5) Other Areas

Wucheng Basin, Henan: Having revised the paracerathere fossils from the Wulidun Formation described
by Wang (1976), we recognized three paracerathere forms: Juxia micracis, Forstercooperia
mazhuangensis, and possibly Pappaceras sp. The first form is more advanced than J. sharamurenensis.
Taken as.a whole, the Wulidun Formation may still be late Middle Eocene in age.

Yuanqu Basin: According to Huang et af. (1998), a tooth of Juxia sharamurenensis was found from
the Heti Formation in this basin. A large amount of mammalian fossils were described from this formatiom.
There is no doubt that the Heti Formation belongs to Middle Eocene.

' The stratigraphic positions of the above discussed Chinese localities are illustrated in Fig. 30.
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IV REMARKS ON SYSTEMATIC POSITION AND EVOLUTION .
OF PARACERATI—IERES SR

1. Origin of Paraceratheres and Their Position in Rhinocerotoidea
(1) Juxia sharamurenensis, the Earliest Known Ancestor of Paraceratheres

Before the discovery of Juzia, there had been two major suggestions as to the ancestor of the
paraceratheres. Borissiak (1918) proposed that Allacerops (originally as Epiaceratherium ) turgai'ccg:‘.-be their
ancestor, an opinion supported by Granger and Gregory (1936). Having discussed the systernatic ,p.osi'tion of
the genus Forstercooperia in great details, Wood (1938) argued strongly that Forstercooperia would be the
best candidate for the ancestor of the paraceratheres. This opinion had been held until 1963 by Wood himself.
The discovery of the genus Juxia has finally settled this problem. Now it is generally accepted that.the
diagnostic morphology of Juxia sharamurenensis is convincing enough to show that this form is best fitted to
be the ancestor of the large-sized paraceratheres, especially Paraceratherium group. '

The characters exclusively shared by all the large-sized paraceratheres and J wzia sharamurenensis have

been summarized in the diagnosis of the Paraceratheriinae ( vide supra}.
(2) Relationships of Juxia with Other Mid-Eocene Asian Rhinocerotoids

With the exception of the amynodonts, there are altogether eight early rhinocerotoid genera living more
or less cbntemporaneously with Juria: Rhodopagus, Pataecops, Yimengia, Triplopus, Prohyracodom,
llianodon , Forstercooperia and Pappaceras. Three other genera, Ulania, Ar;dynia (= Parahyracodon)
and Guixia , occurred later than Juzig , in Late Eocene.

The affinities of Rhodopagus and Pataecops are still debatable. Lucas ez al. (1981), Dashzeveg (1991)
and McKenna and Bell (1997) referred them to Rhinocerotoidea, but Gabunia and Kukhaleishvili (1992) still
supported Radinsky’s early opinion (1965) that they belonged to Tapiroidea. Yimengia of Wang (1988)
resernbles closely to Rhodopagus. Irrespective of what they might be, these three forms are morphalogically
so different from Juzia that they have nothing to do with any of the paraceratheres. :

Triplopus was considered by Radinsky (1967) a large and wide-spread genus existing in Eurasia and
North America in Middle Eocene. In Asia four species were described: T. proficiens, T. progressus, T.
ckhikvadzei and T. mergenensis. They are all of small size. In the largest one, T. mergenensis, the L of
ml— m3 is 70 mm, much smaller than that of Juria (> 110 mm). They are very primitive in tooth
morphology, particularly their trapezoid M3 (triangular in Juria ) with Jong metaloph separated from
ectoloph, and posteriotly convex border of m3 {with a few exceptions). No postcranial bones of this genus
were reported from Asia, but those of North America show clearly that they are extremely long and thin in
proportion. This Asian group of rhinocerotoids seems to be a branch evolving independently from the
paraceratheres.

Whether Prohyracodon and lianodon belonged to the true Rhinocerotidae is still an open question. The
main obstacles to make a judgment about their true systematic position are our poor knowledge of their front
teeth. Furthermore, they are likely small in general size.

Radinsky (1967) was apparently right when he pointed out that Parahyracodon should be a preoccupied
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synonymy of Ardynia . He also provided us with a good diagnosis of Ardynia : “Medium-sized hyracodontids;
length of M1 —M3, approximately 60 mi. Teeth relatively high crowned: crown height index higher thay
1.1. Incisors spatulate, increasing in size anteriorly; canines slightly smaller than I3 and i3. Relatively long
postcanine diastema. Premolar series shortened: Pl and pl lost, P2 and p2 reduced in size. p3 — 4
molariform; P3 —4 non-molariform, with protofoph-metaloph loop. M1 —2 relatively long and parrow, with
oblique cross crests; M3 with or without a trace of the metacone. Manus tridactyl. " This clearly shows that
Ardynia is a specialized group of hyracodontids developed in Asia, evolving separately from the
paraceratheres.

Ulania wilsoni was erected by Qi (1990b), based on both jaws and postcranial hones from the lower
part of the Ulan Gochu Formation. A rough examination of Qi’s pictures inclined us to believe that the sample
described by Qi might be heterogeneous. The upper M1 — 3 are closer to those of some amynodontids, while
the lower teeth are closer to Ardynia, but distinct from the latter in certain features. This new genus may be
a valid one if it is based on the lower teeth only. At any rate, the material described by Qi (1990b) cannot be
directly linked with Juxia in systematic relationships. ,

All the above discussed eight genera ( Rhodopagus, Pataecops, Yimengia, Triplopus, Prohyracodon ,
Iianodon, Ulania and Ardynia ) are cesily separated [rom Juria by their small size and primitiveness in
tooth morphology.

As far as the size is concerned. only threc forms, Guixia, Pappaceras and Forstercooperia , are
comparable with Juxia .

Guizig was erected by You (1977), based on isolated tecth from Gongkang Formation in Bose Basin,
Guangxi. It is almost certain that these teeth belong to Rhinocerotidae. The molarization of the premolars in
this form is high: in the uppers the protoloph and metaloph are fully separated; in the lowers the entolophid is
fully formed. Tts M3 is typically rhinocerotid in pattern: triangular in form, with little expressed crested
metacone. Furthermore, the posterolingual part of cingulum in upper premolars is high and ridge-like, and
the upper molars possess crochets and cristae, etc.

The morphological differences between Juria and Pappaceras and Forstercooperia have been described
in great length in the “comments” of the systematic description of the genus Juwia ( vide supra). As to their
systematic relationships, opinions differ widely. Radinsky (1967) lumped all these three genera into one
genus, Forstercooperia , containing multiple species including the North American Forstercooperia grandis
(formerly Flyrachyus grandis). Chow et al. (1974) resurrected the generic status of Juxia. Lucas et af.
(1981) supported Chow et al.'s opinion and subdivided Forstercooperia into three species: F. minuta sp.
nov., F. grandis (= Pappaceras confluens) and F. totadentata (= F. shiwopuensis).

The most important progress in the study of North American “ Forstercooperia” can be found in the paper
of Holbrook and Lucas (1997). Possessing good skull material and posteranial bones, Holbrock and Lucas
picked out all the North American specimens ever referred to Forstercooperia (mainly F. grandis) from that
genus, and crected a new form of uncertain family: Uintaceras radinskyi . According to Holbrook and Lucas
(1997), the North American Uintaceras differs from the Asian Forstercooperia and Pappaceras in a number
of characters. Uintacerus is brevicephalic, posterior border of nasal notch above P11, anterior border of orbit
above M1 — M2, upper molars with very prominent paracones and deep parastyle folds, M3 with rudimentary
crested metacone, all limb bones short and thick, manus tetradactyl; while in Forstercooperia andfor
Pappaceras , postertor border of nasal notch shifted more anteriorly, and anterior border of orbit shifted more
posteriorly, making the distance between the nasal notch and the orbit particularly long, upper molars with
little expressed paracones and parastyle folds, M3 more triangular in shape (Pappaceras), and tridactyl
manus ( Forstercooperia ). In doing so, Holbrook and Lucas finally denied the existence of Forstercooperia in
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North America.

The above discussion led to the following conclusions. Juxia should be considered d valid genus. It is
widely different from all the small and primitive early rhinocerotoids. Guizia evidently belongs to the true
rhinoceroses ( Rhinocerotidae ), apparently separated from Juria earlier in time. Pappaceras  and
Forstercooperia existed only in Asia in Middle Focene. They are the only forms approximating Juxia in size
angl-’é:volutionary level in tooth morphology. Nevertheless, they are readily distinguished from Juxia .

(3) Relationships Between Asian J.-F.-P. and North American Hyracodonts

Radinsky (1966) first used the enlargement of Il and i2 as the unique criterion to separate pile true
~ thinocetotids from all the other primitive rhinocerotoids, which were lumped into a separaté family
Hyracodontidae. In so doing, the Rhinocerotidae had really become more compact, with clear-cut houndaries;
however, the Hyracodontidae then inevitably had becorne a new “waste-basket,” replacing the Rhinocerotidae
based singularly on the triangular M3. Radinsky’s arguments were partly based on the North American
hyracodont and rhinocerotid fossils and partly on the possible presence of Forstercooperia (= Juzia) in North
America (F. grandis), thought to be a linkage between hyracodonts and pataceratheres. Howaver, it has
turned out ‘that no Forstercooperia has ever existed in North America. Without this linkage, the
hyracodontids became readily distinguished from the rhinocerotids in North America, while the Asian
hyracodontids of small size, represented by a number of specialized forms like Ardynia etc. , and the ancestral
forms of paraceratheres as represented by Juxia are even more sharply distinguished from each other than the
North American counterparts.

According to Radinsky’s revision (1967), the North American hyracodontids include mainly four genera:
Triplopus, Epitriplopus, Triplopides and Hyracodon .

Triplopus cubitalis is the earliest form of the whole hyracodontid group, from middle Middle Eocene,
Early Uintan. It is already extremely long-limbed, with tridactyl manus. However, m tooth morphology it
remains very primitive, with the paracones particularly protruded and the M3 trapezoid in form with long and
crested posterior end of ectoloph. All the other three forms ( Epitriplopus, Triplopides and Hyracodon ) are
derivative from this earfiest form. None of them are morphologically referable to any of the Asian J.-F.-P.
group.

{4) Systematic Position of Paraceratheres in Rhinocerotoidea

What a systematic position the paraceratheres occupy within the Superfamily Rhinocerotoidea is a long
debated problem. At first, the paraceratheres were considered worthy of a subfamily rank, and the subfamily
name Indricotheninae was proposed by Borissiak (1923b). A few years later (1928), Weber raised it to a
family rank, using the family name Baluchitheriidae. In 1939 Borissiak himself adopted also the family rank,
using however, the family name Indricotheriidae. Kretzoi (1940, 1943) even separated this family into two
subfamilies: Baluchitheriinae and Forstercooperiinae. While summarizing all the paracerathere materials,
Gromova (1959) supported Borissiak’s later suggestion to group all the paraceratheres under the family
Indricotheriidae.

Since 1966, Radinsky started to advocate a radically new point of view, i.e., to lump all the primitive
rhinocerotoids without particularly enlarged and rhinoceros-formed 11/i2, including Forstercooperia (including
Eotrigonias borissiaki ), Pappaceras, Juria and all the large-sized paraceratheres into the single family
Hyracodontidae. This point of view has gained wide acceptance from majority of paleontologists ( Lucas,
Prothero, Schoch, Sobus, Holbrook, McKenna, Emry, Heissig, Dashzeveg, Gabunia, Wang, Qi, etc.).
Only a few scholars remain in disagreernent with this point of view (for instance, Spassov, 1989).
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While comparing Juxia with other more closely related forms of primitive rhinocerotoids, some doubts as
to the rationality of Radinsky's argumentation have arisen, They are the following:

i. Whether is it rational to aceept Triplopus as the best candidate of ancestor of paraceratheres? It ig
parsimonicus 10 conceive that all the specialized characters in skull and teeth of Juxia can be derived from
those of Triplopus, which possesses only plesiomorphic features of the archaic thinocerotoids. However, this
does not hold true in the case of the postcranial bones. It is difficult to believe that the long, but rather sturdy
limb bones and the tetradactyl manus of Juxia can be derived from such a specialized, extremely slender limb
bones and already tridactyl manus of Triplopus. Furthermore, the earliest Triplopus { T. cubitalis) so far
known from North America is from Uintan NALMA, about 46 Ma. The earliest Juria (].
sharamurenensis) known in Asia is from the Sharamurunian ATMA, about 40 Ma. This means that the
highly specialized Triplopus occurred 6 my earlier than the less specialized Juziz in limb bones. It would be
much more parsimonious to consider them as two separately evolving branches derived from a more primitive
stock of some early rhinocerotoids.

ii. Whether is it reasonable to expel the genus Hyrachyus completely from the Superfamily
Rhinocerotoidea as Radinsky once proposed? One of the corollaries of such a point of view would leave the
whole superfamily rootless, and one would have to seek the ancestor of the superfamily in other perissodactyl
groups. In fact, few paleontologists followed Radinsky in this respect. For example, Prothere and Schoch
(1989), Janis et al. (1998) and McKennz and Bell (1997) all placed Hyrachyus in Rhinocerotoidea as a
stem form of the latter groups. In fact, the cheek teeth of Hyrachyus are already essentially rhinocerotoid in
basic pattern. This is clearly shown in the development of the crested metacone and the stronger reduction of
the parastyles relative to paracones in upper molars. Hyrachyus could well serve as the best cendidate of a
possible ancestor of the whole superfamily of Rhinocerotoidea.

iii. Whether is it an appropriate procedure to simplify the problem of Rhinocerotidae at the expense of the
Hyracodontidae, creating another “waste-basket” for all the other early rhinocerctoids? Spassov (1989) has
dwelt on this problem already, and pointed out its irrationality { vide supra ).

From a cladistic point of view, the [irst appearance of any apomorphic features is critical in phylogenetic
analysis. If it can be firmly proved that a given apomorphic feature has occurred in different taxa and in
different times (parallel or convergent evolution), this feature can safely be used as evidence to separate these
taxa taxonomically. The “sabre tooth” developed independently in Marsupialia, Creodonta and Carnivora is
such an exarnple. Radinsky discarded the triangular M3 (without a crested posterior end of ectoloph) as a
usefu! eriterion in phylogenetic analysis in rhinocerotoids, mainly because of its multiple occurrences in
rhinocerotoids. Our current knowledge of the rhinocerotoid evolution renders it possible to trace the first
occurrences of this character in different groups of rhinocerotoids. In North America, the first appearance of a
triangular M3 was recorded from Epitriplopus, one of the earliest hyracodonts from Uinta C beds (46 Ma).
The M3 of Teletaceras from Duchesnean, the earliest representative of the true rhinoceros, bears still
rudimentary crested posterior end of cctoloph in M3. This would mean that this apomorphic feature appeared
:in Rhinocerotidae no earlier than 40 Ma. In Asia, this apomorphic feature appeared first in Pappaceras from
Irdin Manha Formation (45 — 41 Ma}, still with highly rudimentary posterior end of ectoloph in M3. Later in
Juzia (ancestor of large-sized paraceratheres, Sharamurunian, 40 — 38 Ma) and Prohvracodon (true
rhinoceros, of the same age) the M3 became typically triangular in form. Then this [eature occurred in the
specialized Asian hyracodont, Ardynia, and a particular form of rhinocerotoids, Allacerops, from
Ulangochuian and Ergilian ALMA (37 — 34 Ma).

Another argument of Radinsky’s concerns the quality of a given taxon of higher rank. According to
Radinsky, Rhinccerotidae is the most successful family among the rhinocerotoids, in terms of time duration,
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morphologic diversity and number of included taxa. All the other rhinocerotoid groups are to be considered
unsuccessful, and nome of them is comparable with Rhinocerotidae in this regards: However, the
paraceratheres can be considered very successful too. In fact, the morphologic diversity in paraceratheres is not
inferior to that of hyracodonts at all. The paraceratheres as studied in this volume contain ar least seven: genera
(five genera in hyracodonts) lasting from 45 — 41 to 23 Ma, i.e., more than 18 myr (18 myr for
hyracodonts) . .
’ As a result of the above analysis, we think that the inclusion of the paraceratheres into the family
Hyracodontidae is tnappropriate. The primitive Hyrachyus is a good candidate of ancestor for all the
thinocerotoids, and its status as a stem member of the rhinocerotoids should be restored. From the beginning
" of Middle Eocene (46 Ma) in North America the hyracodonts appeared, while slightly later (45 %41 Ma) in
Asia appeared the paraceratheres, represented by the J.-F.-P. complex, and possibly the true rhinoceros.
. The North American true rhinoceros appeared no earlier than 40 Ma and then greatly flourished. There are
two particularly flourishing periods in the evolutionary history of the rhinocerotoids; The Late Eocene —
Oligocene period of the Asian paraceratheres and Oligocene — Recent period of the true rhinoceroses of the
world. A new proposal for subdivision of the rhinocerotoids at family rank is given as follo;vs:
Family Hyrachyidae Osborn, 1892
Subfarnily Hyrachyinae Osborn, 1892
Subfamily Amynodontinac Scott et Oshorn, 1883
Subfamily Hyracodontinae Cope, 1879
? Family Eggysodontiidae Breuning, 1923
Family Paraceratheriidae Osborn, 1923 -
Subfamily Forstercoopertinae Kretzoi, 1941
Subfamily Paraceratheriinae Osborn, 1923
Famiiy Rhinocerctidae Gray, 1821

2. Evolutionary History of Paraceratheriinae

Under our current under‘standing, Paraceratheriinae include seven genera: fuxia, Urtinotherium,
Paraceratherium , Dzungariotherium , Aralotherium , Turpanotherium and Benaratheriym . Except the
last one, all the other six genera are easily distinguishable in the structure of their muzzles, representing
different stages of different evolutionary directions as illustrated in Fig. 31. fuxia has the most primitive
muzzle, with full number of incisors and canines of subequal size. Urtinotherium possesses still full number of
incisors and canines, with the I1/il pair much enlarged over the other front teeth. Paraceratherium has much
elongated premaxilla with only downturned I1 of enormous size and anteriorly extended symphysis with only
il. Deungariotherium has both maxialla-premaxilla and symphysis highly reduced, and their I1/il pair
strongly atrophied. Aralotherium is characterized by strongly reduced and upturmed maxilla-premaxilla part
and atrophied I, and strongly downturned symphysis and il1. Turpanotherium is known as having anteriorly
stretching symphysis and i1, lower borders of which forming a straight line.

It seems probable that the first three genera form a continuous evolutionary trend from Juzia to
Urtinotherium and then to Paraceratheriurmn. The changes include: rapid increase in size, more
dolichocephaly, enlargement of condyles, widening of sagittal crest, deepening of nasal notch, lengthening of
premaxilla, anteriorly extension of symphysis, reduction of incisors and canines to one pair of I1/il in skull
and mandible; elongation of cervical vertebrae, with capita and vertebral fossae being much wider than high,
but less convex-concave; backward slanting of spinous processes of all thoracic vertebrze, with deeply
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excavated posterior sides of the processes; reduction of numbers of lumbar vertebrae to four, with legs
imbricated pre- and postzygapophyses; graviportal tendency in limb bones (becoming thicker relative to
length, more erected in position, flattened articular facets, short phalanges, etc. ).

Dzungariotherium could possibly be derivative from Pacaceratherium, given the reverse tendency
leading to reduction of maxilla-premaxilla and the I1 already shown in the evolutionary trend from P.
grangeri to P. lepidum . However, Aralotherium is to be considered a genus uniquely specialized in having
downturned symphysis. The origin of Turpanotherium is still unclear. It is even more so in the case of
Benaratherium (Fig. 32).
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V SOME BIOLOGIC ASPECTS OF JUXIA SHARAM URENENSIS
AND PARACERATHERIUM LEPIDUM

1. Reconstruction of Muscles and Ligaments, and Functional Analysis

of J. sharamurenensis

{1} Reconstruction of Muscles and Ligaments

A number of difficulties were encountered during the reconstruction of the muscles and llgaments 1) The
skeleton of J. sharamurenensis is not complete, with about 3/10 missing. 2) Not all the muscles can be
clearly traced by their impressions left on the skeleton. 3) There are little anatomical study of muscles and
igaments of the living rhinoceroses in literature, let alone fossil species. As a result, only part of the muscles

and ligaments can be more or less reliably reconstructed and described in the Chinese text. In English

- summary we choose only 2 small fraction of the described muscles and ligaments Worthy-bf special attention.
- Even so, we would admit that the following reconstruction is highly conjective in nature.

1) Head
. M. levator nasolabialis and levator labii superior proprius (Fig. 33 1-2): Compared with Coelodonta
ntiquitatis (Borsuk-Bialynicka, 1973, Fig. 5 A <), Chilotherium cornutum (Qiu and Yan, 1982) and

--Rhinoceros unicornis (IVPP O 1383), the facial surface anterior to the orbit in J. sharamurenensis is

- considerably large, but without clear impression of muscle attachment. The m. levator nasolabialis in J.

sharamurenensis may be comparable to that of living horses in volume and strength, and the m. levator labii
uperior proprius would be rather large in surface, but probably thin in thickness.

M. masseter (Fig. 336): In J. sharamurenensis there are two areas for attachment of the masseters on
mandible: the masseteric fossa’ and the lower part of the ascending ramus. The former is small, but very
déep, bordered inferiorly by a horizontal {lange at the level slightly above the alveolar border, while the latter

s a rather smooth and large surface bordered inferoposteriorly .by weakly developed crested margins of the

“mandibular angle. Thus, the masseters must at least be separated into two layers: a deeper one attaching to

he masseteric fossa and the superficial one, to the surface lower to the above mentioned fossa. The deeper

. layer must be small but thick in cross section, with its fibres chiefly vertical in direction, while the superfacial

er, large but thin, with fibres stretching in anterosuperior-posteroinferior direction. In living rhinoceroses
he deeper layer of masseter is weakened, while the superfacial one is usnally much more strengthened.
M. pterigoideus; This muscle could be more developed than in the living rhinoceroses, judged by the

“.presence of considerably large concave surface on the lingual side of the ascending ramus and the rdughened

: - mesial edges of the mandibular angle in J. sharamurenensis .

The other muscles of head are illustrated in Fig. 33.

2) Neck

Lig. nuchae: In livng horses the nuchal ligament is very strong and attached to the external occipital
protuberance immediately below the central part of the occipital crest and the large nuchal fossa immediately
below the protuberance (Klimov, 1955, p. 108, Fig. 67). In living Indian rhinos (IVPP O 1383) and
Coelodonta antiqu.ita.tis (Borsuk-Bialynicka, 1973, p. 45) the external occipital protuberance is situated in
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the middle part of the occipital crest and confluent with the crest, forming a wide band of rough surface. The
protuberance extends downwards, forming a very narrow sagittal crest (unnamed) of varying lenghts,
Therefore, the main part of the nuchal ligament is attached to the external occipital protuberance in the middle
part of the occipital crest, and only a samll part of the nuchal ligament is attached to the thin and weak sagittal
crest below the protuberance. In J. sharamurenensis the external occipital protuberance is not particularly
large, but the sagittal crest below the protuberance is better developed. Therefore, the part of the nuchal
. ligament attached to the sagittal crest is stronger and the part attached directly to the external occipital crest ig
relatively weak. Taken as a whole, the nuchal ligament is comparatively weaker in rhinoceros than in living
horses.

M. rectus capitis dorsalis major et minor: In Indian rhinos (IVPP O 1383) and Coelodonta antiquitatis
{Borsuk-Bialynicka, 1973, Fig. 5 B ), these muscles are attached to the depressed areas situated bilaterally
to the sagittal crest on the nuchal surface. In J. sharamurenensis these areas are so deeply concave that they
form a “pseudo-nuchal fossa” with a sagittal crest. However, this fossa should be the place of attachment of
the m. rectus capitis dorsalis, but not {or the nuchal ligament as in living horses. At any rate, the muscles in
question must be very strong, and may be more tendinous.

M. sterno-cephalicus (Fig. 33 9): According to Windle and Parsons (1901), in majority of hoofed
ammals this muscle is composed of two branches: one from sternum to mastoid process, called m. sterno-
mastoideus; the other from sternum to the posterior border of mandible, called m. - sterno-mandibularis or m.
sterno-rnassetericus. However, in living horses the m. stermno-mastoideus is absent. One of the highly
distinctive characters in the skull of J. sharamurenensis is the particularly enlarged and plate-formed
paroccipito-posttympanic process. This would mean that the m. sterno -mastoideus is particularly developed in
J. sharamurenensis. On the other hand, the posterior border of the mandible in J. sharamurenensis bears a
particularly widened and rough area under the condyle, implying a considerable devclopment of the m. sterno-
mandibularis.

M. brachiocephalicus (Fig. 33 10): This muscle is also attached to the mastoid process. The large
paroceipito-posttympanic process means that the m. brachiocephalicus is also well developed here.

3) Back and Waist

Lig. supraspinale: In J. sharamurenensis the apexes of the spinous processes of T1— T3 are moderately
developed, forming isosceles triangles in dorsal view. In Indian rhinos (IVPP O 1383) the apexes of the
spinous processes of the anterior thoracic vertebrac are much more broadened, but thin anteroposteriorly.
Thus, the supraspinat ligament would be only moderately developed in J. sharamurenensis.

M. Iongissimns dorsi (Fig. 34): The structure of this group of muscles is very complicated. Slijper
(1946, p. 48 — 51) described this group of muscles in great details, noting that “in connection with the
special movements of mammalian body-axis in the sagittal plane, the m. logissimus dorsi shows a marked
tendency to developing long fascicles with long tendons that originate at the prae- and are inserted into the
post-diaphragmatic vertebrae.” Slijper also noted that in most ungulates “longissimus inserted into ilium,
metapophyses and spinous processes, chiefly of postdiaphragmatic region, as illustrated in living horse.”
However, “in rhinoceroses the fascicles of the longissimus are only inserted into the spinous processes. ” It is
interesting to note that J. shararmurenensis is similar to living horses in having a diaphragmatic vertebra in
T16, rather than to living rhinoceroses where no diaphragmatic vertebra is formed. The ilium in J.
sharamurenensis has a more or less straight iliac crest like in horses (strongly convex in rhinoceroses). This
led us to think that the m. longissimus dorsi in J. sharamurenensis may be similar to that of living horses in
having a side branch attached to ilium called m. lilio-lumbalis.

M. spinalis et semispinalis dorsi (Fig. 35 1) and M. multifidus dersi (Fig. 35 2): These muscles are
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- composed of a large number of short fascicles lying between vertebrae, often fused together so that their
. separation is difficult, especially in the postdiaphragmatic region. According to Slijper (1946), the fascicles of
~m. semispinalis is “originating at the spinous processes and inserted into the metapophyses belonging to a
. vertebra, four or usually more vertebrae caudal of the vertebra at which they originate.” The fascicles of m.
“ gpinalis lic only “between the spinous processes.” The fascicles of m. multifundus dorsi “inserted into the
third vertebra caudal of the vertebra at which they originate. ” According to Sisson (1956),-in living horses
~.anterior to T12 the fascicles of the m. multifundus dorsi become more horizontal, inserted into the spinous
-—.pfocesses in lower part. In J. sharamurenensis the posterior surfaces of the anterior thoracic vertebfée are
sclearly excavated, forming two pairs of depressions: the upper one is larger and apparently for the m. ,épinalis

;{_ et semispinalis dorsi, while the lower, smaller and for the m. multifundus dorsi.

4) Forelimb
Ligaments of fetlock joint of the third digit (Figs. 36 —37): The collateral ligaments are subdivided into
two layers: deep and superfacial. The former originates from the cavity on lateral side of McIil ,'f above the
distal articular trochlea; and ends at the prominent rugosity of proximal end of volar side of Phj respectively.
The superfacial layer originateé from the prominent ridge above the just mentioned cavity in MclII, and ends
““at the place below the ragosity where the deep layer attaches in Phl. In J. sharamurenensis the cavity in
" "MelIl is especially deep and the rugosity above the cavity is very prominent, horizontal and ridge-like (based
*on examination of MtIII). The proximal rugositiy in Phl is short, ridge-like, but restricted to the posterior
part of the lateral side. Above and below this rugoesity the surface is roughened. The above described
structures made us to believe that in J. sharamurenensis the collateral ligaments are_strong, especially the
eep one. '
~ Sesamoidean ligaments (Fig. 37): According to Camp and Smith, in living horses the most important
sesamoidean ligaments are the following four groups: straight, oblique, cruciate sesamoidean ligaments and
the proximal annular ligament. In J. sharamurenensis only scars of two groups can be located. The scars for
the cruciate sesamoidean ligaments form a V-shaped ridge (Fig. 37 5). Bilateral to this ridge is a pair of
: rominent tuberosities, corresponding to the proximal prominences of Camp and Smith {Fig. 37 o),
apparently for the annular ligament. On the distal end, a small tubercle (Fig. 37 8) can be observed
_finmediately above the pit for the éttachment of the tendon of the superficial digital flexor. This may be the
scar for the lateral volar ligament, which is highly variable in Equidae (Camp and Smith, Fig. 12). The scars
for the attachment of the oblique sesamoidean ligaments cannot be located at all in J. sharamurenensis.
* Ligaments of pastern joint (Figs. 36 —37): The collateral ligaments of pastern joint originate from the
pits on distal ends of lateral sides in Phl, and are inserted to the rough areas on proximal ends of lateral sides
of PhIl. InJ. sharamurenensis the pits of Phl take the form of semilunar grooves, and the rough areas of
Phll are not particularly bulged laterally. Therefore, these collateral ligaments in J. sharamurenensis must
be weaker than those of the fetlock joint.
In living horses the straight sesamoidean ligament originatés from the proximal sesamoids and is inserted
into the fibrocartilaginous® plate, which is located below the proximal end on the volar side of PhII.
Accordingly, the posterior side of the proximal end of Phil forms an oval flat area (Fig. 37 3). A smaller fiat
drea of similar kind can also be found in the PhIl of J . sharamurenensis. This prompted us to suggest that J .
sharamurenensis may have already had a weakly developed straight sesamoidean ligament.
Ligaments of coffin joint (Fig. 36): The collateral ligaments of the coffin joint originate from the pits
én the distal ends of lateral sides of Phil, and are inserted to the depressions on the dorsal sides of the
proximal angles of the PhIII. In living horses, these pits are considerably large, therefore, the collateral
ligaments are strong. In J. sharamurenensis the pits of Phll are also very large, extending to the dorsal side
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of the PhII, but the pits on the PhlIl seem to be smaller. At any rate, these collateral ligaments are
considered well developed.

The suspensory ligaments (or sesatmoidean collateral ligaments) originate from the rough areas anterior to
the distal pits of PhI (Fig. 36 4), and are inserted to the distal sesamoid {Os sesamoideum phalangis tertiae)
and angles of PhIIl. In J. sharamurenensis the rough areas above the distal pits in Phl are rather large,
extending anterior to and above the pits, indicating that the suspensory ligaments may well be rather large in
J. sharamurenensis.

The reconstructed insertion points of the forelimb muscles of J. sharamurenensis are schematically
shown in Fig. 38, and some muscles of superfacial layers are illustrated in Fig. 40. The reconstructions are
based primarily on comparative study of myology of living horses, tapirs, living and fossil rhinoceroses taken
from lterature. Most of the reconstructed muscles conform to those of perissodactyls in general, only a few of
them show some differences merit to be mentioned separately in a few words.

The deltoid muscle (Figs. 38 1, 40 26) may be smaller than that in [iving rhinoceroses, since the deltoid
tubercsity of the humerus in J. sharamurenensis is considerably smaller thati in most living rhinoceroses. The
supraspinous muscle originates from the supraspinous fossa of the scapula, and is inserted to 'the lateral and
medial proximal tuberosities of the humerus. In J. sharamurenensis the supraspinous [ossa of the scapula is
very large and the lateral proximal tuberosity of the humerus is larger than the medial one. In living horses the
supraspinous fossa of the scapula is very narrow and the medial proximal tuberosity of the humerus is larger
than the lateral one. These differences tend to show that in J. sharamurenensis the supraspinous muscle is
large and more laterally situated than in the living horses. Furthermore, the intertuberal groove of the
humerus in J. sharamurenensis is situated more or less in the middle of the anterior side of the shaft, but
without clear middle ridge. while this ridge is strongly developed in living horses. On the other hand this
intertuberal groove in living rhinoceroses is shifted more laterally. This would mean that the m. biceps
branchii in J. sharamurenensis may be similar to that of living horses in position, but not clearly separated
into two heads as in living horses,

Judged from the slender proportion of the forearm bones, the metacarpals and the phalanges, and the
deep pits for the attachment of the extensors and flexors, the tendinous parts of the extensors and flexors must
be comparatively [ong, probably as in living horses. The scars for the attachment of the m. flexor carpl
radialis (Figs. 39 9, 40 28), m. flexor carpi ulnaris {Figs. 39 10, 40 30), and m. flexor digitalis superficialis
(Figs. 37 11, 39 11, 40 35), are all very deep, implying that they may be rather tendinous and strong.

5) Hindlimb

Some of the muscles of hindlimb of J. sharamurenensis are illustrated in Fig. 40. Detailed deseription of
them is omitted because of the fact that most of these muscles in perissodactyls are highly homologous in
structure and disposition, differing mainly in proportion in different groups of the order. A few points to be
noted are the following. The ilium in J. sharemurenensis is comparatively long and slender, with its crista

iliaca more or less straight. The third trochater of the femur is rather small and comparatively higher situated.

. Taken as a whole, the ilium and femur of J. sharamurenensis are morphologically closer to those of living

horses rather than of living rhinoceroses, where the ilium is very short and wide, with its erista iliaca strongly
convex, and the third trochanter of femur is especially developed and situated lower. Therefore, the m.
iliacus and m. gluteus (Fig. 40 13-14) in J. sharamurenensis might be like those in living horses, but much
weaker than in living rhinoceroses. The supracondyloid fossa in the fernur of J. sharamurenensis is rather
deep (Pl. XVI 1a 1), indicating that the m. flexor digitalis pedis superficialis (Fig. 40 53, 56), and probably
the m. gastrocnemius (Fig. 40 s54), are also strong. Again, this is similar to living horses than to living
rhinoceroses where the supracondyloid fossa is weakly developed.
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(2) Functional Analysis

1) Standing pose

Head and neck (Figs. 41-42; Tab. 52): The condyles in J . sharamurenensis are proportionally large,
f)ecially relative to the nuchal surface. It is well known in mechanics that the force supporting the head will
crease with elongation of the neck. Being the fulcrum of the head, the condyles play a critical rolein
ansmltt;ng the force coming from the neck. Therefore, enlargement of the condyles may be one of the
haracteristic features of the animals with a long neck. The position of the head relative to the neck in
tanding pose can be inferred by the form of the condyles. According to Flerow (1957, p. 49), the éngle
irmed by the long axis of the skull and the linea divisa condyli would roughly be the angle between the neck
d the skull. The possible position of the head of J. sharamurenensis in standing pose is #llustrated in Fig. 42.
" The cervical vertebrae are among the most characteristic elements in J. sharamurenensis. First of -all,
ey are very long, with their total length reaching 624 mm, slightly surpassing the skull leng-th,;"{vhich is
5 mm. Among the primitive rhinocerotoids only Hyracodon nebraskensis has a similarly long neck (Tab.

). Furthermore, morphologically the eervical vertebrae of J. sharamurenensis are very distinetive. The
pita and the vertebral fossae of the vertebrae are subparallel. They form acute angles with the long axis of
vertebral body (Fig. 15A). The pre- and postzygapophyses are large and roughly. parallel, but the
prezygapophyses are much higher than the postzygapophyses in position. The transverse processes are
¢onsiderably large. If the capita and [or vertebral fossae are placed vertically, the whole neck will certainly
cline up and forward, with only the C3 being {ransitional in direction turning more horizontally (Figs. 41—

). -All these morphological characters can readily be explained mechanically. The weight of the head will be
mitted to the body of the animal by the neck partly through the bodies of the tervical vertebrae and partIy
ough the enlarged pre-and postzygapophyses.

Forelimb (Fig. 42) :

In ungulates the forelimb supports approximately 3/4 of the body weight (head, neck, chest and part of
mach) when standing at ease (Hildebrand, 1982, Fig. 22-9). The angles between the segments of the
relimb are apparently governed by this particular factor. This led to the effect that the radius-ulna and the
etacarpals being basically upright in position.

Angles of shoulder and elbow joints: Osborn (1929b, p. 731 —732) noticed that in ungulates, when
tanding, the hemispherical articular surface of the caput of the humerus faces always directly upward, and
angle formed by the baseline of the hemisphere and the long axis of the shaft of the humerus is always
arger in graviportal animals (for instance, 75"in indian elephant) than in cursorial or non-graviportal animals.

This latter angle estimated for the J . sharamurenensis skeleton is roughly only 45° and the angle between the
}c‘)__ng axes of the scapula and humerus is roughly 90° (Fig. 42).

2/ As to the angle of the elbow joint, Osbomn pointed out that, while in graviportal animals this angle tends
tobe very close to 180°, it is less in non-graviportal animals. This angle is estimated about 135° in the
ﬁkEIEton of J. sharamurenensis, when the radius-ulna are placed vertically (Fig. 42).

.t Angles of fetlock joint and between the phalanges: Hildebrand (1982) stresses that in ungulates the
fetlock joint is always bent when standing. The mechanism is explained in the following manner. Firstly, he
considers this as “a sling mechanism that prevents collapse of the fetlock joint” and “an important shock
absorber. Because it is bent, it must be supported. This is accomplished by a remarkable ligamentous
§1mg ...” (Hildebrand, 1982, p. 425). Under the ligamentous sling concept, Hildebrand implies the
Sesamoidean ligaments and the tendons of flexors. Hildebrand explains further: “As the foot is heavily loaded
by shifting weight when at ease, the ligament (and tendon) stretches, thus allowing the joint to flex sharply.
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In doing so, the ligament stores potential energy that is released by returning the joint to a neutral angulation
when the load is diminished,” and “giving an initial upward impetus to the entire body” (Hildebrand, 1982,
p. 453, Fig. 23-18).

In J. sharamurenensis the sesamoidean ligaments has not been fully developed as in living horses. For
instance, there is no V-scar on volar side of the Phi, indicating the oblique sesamoidean ligaments have not
been developed yet. This primitive state of development of sesamoidean ligaments in J. sharamurenensis
appears not strong enough to support its body (estimated as around 800 kg, vide infra ). Juzia
sharamurenensis apparently needs the help of lateral digits to support its heavy body. Taken into consideration
of the fact that the length of the lateral digits is shorter than McIII (about 110 mm), to receive the lateral
digits’ help, the distal end of Melll must be lowered down at least to a level 90 mm above the ground. Qur
calculation shows that this can be achieved only when the phalanges are bent at angles of 135° — 140°. This is
also in good accordance with the morphology of the articular surfaces between the phalanges (Fig. 42).

Hindlimb (Fig. 42): In non-graviportal, especially cursorial ungulates, the hindlimb supports only
about 1/4 of the body weight when standing at ease. It plays mainly the role of propelling the animal forward.
This led to the effect that none of the segments of the hindlimb is really erect in position in standing pose.
Taken as a whole, the segments of the hindlimb of J. sharamurenensis is generally similar to that of living
horses in direction. This also holds true for the possession of the particular “locking device” in the patella-

femur joint.

2} Adaptation to running

Vertebral column: According to Slijper (1946), in ungulates capable of making leap-gallop runs “a great
mobility of the vertebral column” is required; in ungulates capable of making horse-gallop runs, especially in
heavy ungulates, “a very immovable vertebral colurn” is required. With decreasing mobility of their body-
axis “the spinous processes of the postdiaphragmatic region change their cranial inclination into an upright
position or even into a caudal inclination” (Slijper, 1946, p. 103). Slijper pointcd out also that with
increasing rigidity of the lumbar region some particular feature may occur. Two of the {our poines mentioned
by Slijper are directly relevant to the lumbar vertebrae of J. sharamurenensis: the accessory articulations
between the transverse process of the last two lumbar vertebrae and with the sacrum, and the embracing type
of zygapophyses of the postdiaphragmatic region (Slijper, 1946, p. 38).

The posterior thoracic and lumbar vertebrae of J. sharamurenensis have the following characters. There
is no true diaphragmatic vertebra. The spinous processes of the T’s posterior to T16 and the Lm’s are all
vertical in direction. The spinous processes are broad (APD), with enlarged top tuberosities. The lurnbar
region is rather large, composed of 5 or 6 vertchrae. Their transverse processes are broad and the
zygapophyses are of embracing type. All this suggests that the posterior part of the thoracic and the lumbar
regions in J . sharamurenensis is half-rigid, allowing the animal a horse-gallop running.

Innominate bone: According to Osborn (1929b), the innominate bones differ widely in different groups
of ungulates. In cursorial type the pedicle of the ilium is slender and long, the anterior wing of the ilium is
triangular in form, with the iliac erest concave; while in graviportal type the pedicle of the ilium is thick, the
wing is very wide and fan-shaped, with the iliac crest strongly convex. The innominate bone of J-
sharamurenensis is more similar to that of living horses than to living rhinoceroses in general proportion and
form, thus closer to that of cursorial type.

Limb bones: According to Gregory (1912) and Osborn (1929b), as two extremes in locomotion
adaptations, the graviportal and cursorial ungulates have two different types of limb bones: the former has all
segments of limb bones thick and proportionally short, with stylopodia (humerus and fermur) long, upright in
position, but the others short, often rectigrade; while in the latter, all the segments slender, bent at angles,
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.+ stylopodia comparatively short, but the others long, often unguligrade, lateral digits reduced. The limb bones
"of J. sharamurenensis have all the features listed above for the cursorial type. Therefore, it is safe to
‘conclude that J . sharamurenenszs is an ammal of curscrial type. These features are described tmore specifically
in the followmg lines.

'_ The limb bones of J. sharamurenensis are light and not compact. This is clearly shicwh when compared
ﬁth those of Rhinotitan mongoliensis excavated from the same layer of the same locality ( Warng, 1982)
The long bones of the latter are mostly preserved intact, while those of the former, almost all somehow
:'ij'-"oompressed Observation of cross sections of these bones revealed that the compact substance of the bone of
o _thmotztan mongoliensis is about twice thicker than that of J. sharamurenensis. The L/W indices of the'long
bones of J. sharamurenensis as compared with those of some other mammels are shown in Tab. 53.

. Hildebrand (1982 p. 427) proposed an empirical criterion to define the heavy animals, i.e., when the -
hody weight equals or exceeds 900 kg, the animal is to be called heavy. Our estimation shows that the body
G %etght of J. sharamurenensis (about 800 kg, vide infra) is below the number set in this criterion.

. The relative lengths of the segments of the limb bones of J. sharamurenensis compared wnth those of
some other ungulates are given in Tabs. 54 —55. Four major conclusions can be drawn from the’ Tabs 54—
55. 1) In the total length of the three main long bones (stylopodium, zeygopedium and metapodmm) I.
Sharamurenenszs is closer to living giraffes. 2) In the length ratios of the three main long bones of the
‘forehmb relative to hindlimb, J. sharamurenensis is higher (forelimb shightly shorter than hindlimb) than in
living horses and tapirs, but lower than in living giraffes. 3) In J. sharamurenensis the zeygopodium of the
forelimb is especially long, but the metapodium is relatively short. 4) The Phl of middle digit in J.
sharamurenensis is very close to that of Triplops cubitalis in L]W ratio, proportionally much longer than in
y known forms of Rhinocerotidae. Taken as a whole, the relative lengths of the limb bones show clearly

that J. sharamurenensis is a cursorial animal, approximating the Miocene equids in mobility.

3) Adaptation to unidirectional {longitudinal) movement

As Hildebrand (1982, p. 450) has correctly pointed out, in order to run well, the “large cursors reduce
or eliminate many oscillating motions” and “the legs must swing back and forth.”

This kind of adaptation can well be found in shoulder, elbow and fetlock joints in J. sharamurenensis.
-fihe caput of humerus is ovoid in shape, with its upper border nearly straight transversely, but strongly
¢onvex longitudinally (Fig. 43). This is a peculiar specialization of this form to limit the motion of the
shoudder joint in largely anteroposterior direction. The elbow joint takes the form of a trochlea. The distal
articular trochlea of the humerus not only has a longitudinal intermediate groove, but also a longitudinal crest
on lateral condyle, while the proximal articular surface of the radius is inversely formed. The sagittal ridge of
the distal articular trochlea of the McIII reaches almost the anterior border of the facet, and the corresponding
groove on proximal surface of the Phl is almost visible in dorsal view. This shows clearly that the fetlock joint
,is"‘_"much better adapted to sagitfal movement than any other rhinocerotoids.

4) Monodactylism _
Borissizk (1923h) pointed out that the tendency to monodactylism is already clearly shown in
Paraceratherium asiaticum. In fact, this tendency is also clear in J. sharamurenensis, expressed in the

reduction of the lateral metapodia and phalanges in length and thickness.

5) Reduction of pronation-supination function of nlna

In J. sharamurenensis, although still complete and weakly coalesced with the radius, the ulna is
"éonsiderably reduced in thickness relative to the radius. A similar case can be found in Triplopus cubitalis
Cope, 1884), while in living rhinoceroses the ulna remains thick and robust, playing an important role in
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supporting the body weight.

6) Character hinting at gravipertal direction of evolution

While discussing the differences shown in ulnae between the cursorial and graviportal ungulates, Osbom
pointed out that in graviportal ungulates the olecranon process of ulna tends to be horizontally oriented ang
downwardly shifted {Osborn,1929b, p.752). The olecranon process in J. sharamurenensis is formed as ip
graviportal ungulates. This is the most clear sign evolving in the direction of becoming heavy in the skeleton of

T . sharamurenensis so far known.

7) Some special feeding adaptation of skull and neck

Fig. 44 shows basically two patterns of skull and mandible representing carnivorous and herbivorous
mammals respectively. In the first pattern the skull has well developed sagittal crest, the skull and mandible
are associated by a hinge-formed articulartion, the ascending ramus of the mandible is low, but with a very
large masseteric fossa; while in the second pattern these characters are inversely developed. Together with
musculature and dentition, these two patterns of skull and mandible afford geod explanations of the different
feeding habits of the carnivorous and herbivorous mammals (Smith and Savage, 19359).

There is no doubt that the skull and mandible of J. sharamurenensis are basically of the second pattern.

However, they differ from this pattern in having a prominent and long sagittal crest, low ascending ramus of

. mandible and deep masseteric fossa. This tends to show that the action of the mandible relative to skull in J.

sharamurenensis may be mainly vertical bitting, not necessarily as quick as in carnivorous animals, and
incapable of making circular movements of the lower teeth against the upper ones as in advanced grinders.

The cheek teeth of J. sharamurenensis are functionally rather weak, incompatible with its “gigantic”
body size. They are brachydont and simple in structure of enarmel bands, producing transverse grinding
grooves and ridges after wearing. This tends to show that J. sharamurenensis is strictly herbivorous,
probably mainly folivorous, eating only leaves or stems, or occasionally fruits.

The front teeth of J. sharamurenensis are unique in form and arrangement among rhinocerstoids. They
are full in number, subequal in size, with the first pair being the largest, and arranged loosely in two
converging lines. The uppers are vertically planted, while the lowers, procumbent, in particular the il,
interlocking when occluded. The two I1’s are separated, leaving a vacant space between them. This prompted
us to think that J. sharamurenensis may have a special habit in gathering food. The animal may first bite on
the stermn with leaves, then either turn its head sideways, or pull its head backward to “comb” the leaves into
its mouth. The particularly developed paroccipito-posttymmpanic processes in J . sharamurenensis may well be

accounted for by this kind of combing action.

8) Plesiomorphic characters preserved in skeleton
Osborn (1929b) divides the scapulae of ungulates into four types. The scapula of the primitive ungulates,
as exemplified by Phenacodus , is usually oval in form, with its vertebral margin convex and almost centrally

situated spine, with a small acromion. The scapula of graviportal type ususally takes the form of a broad

~ triangle; while that of the cursorial type, narrow and long triangular in form, with its vertebral border

straight, weak spine and the supraspinous fossa reduced in size. The scapula of J. sharamurenensis is like
that of the primitive ungulates, without characters of graviportal and cursorial types.

The number of lumbar vertebrae in J. sharamurenensis is five or six. As Scott (1941) pointed out, the
numbers of the lumbar vertebrae in primitive rhinocerotoids are usually 5— 7, while in living rhinoceroses the
number 1s diminished to three. Furthermore, the zygapophyses of lumbar and posterior thoracic vertebrae are
embracing in pattern. The ribs in J. sharamurenensis are generally thick and rod-like, with their cross
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dections being roughly rectangular in form. In advanced ungulates the ribs often become plate-like. All this

shows that J. sharamurenensis is primitive in posterior part of the vertebral column and the ribs.
{3) Skeleton Mounting and Appearance Restoration

The skeleton of J. sharamurenensis (V 2891} was mounted in 1964 (Pl. XLIV), with the missi;ig
parts restored ( white parts are restored in plaster). The mounting is not fully accordant with the idéas
:xpféssed in this volume. Originally the skeleton was designed to show the posture of the animal imagine(_;f to
gather the leaves from a tall tree, with its head and neck maximally stretched. However, the forelimbs }gvere
urranged in a walking posture. This may not be the real case. It is more reasonable to suggest that the
[orelimbs stand more or less upright on the ground. In doing so, another error may also be corrected,fji. e,
the lumbar region is higher than the withers. '

" The measurements of the skeleton are: the body length (without tail) is slightly longer than 3 ‘m; the
withers height is 1.9 m; the height of head in standing pose is 2.2—2.3 m, about 2.5 m when u{aximally
stretching to gather food.

There are two restorations of the external appearance of J. sharamurenensis: a pencil drawing made in
965 (Pl. XLV) and a clay sculpture made during the preparation of the present volume (Pl. XLVI). The
difference of the two restorations lies mainly in the proportion of the head and neck relative to the body. In
the sculpture the head is proportionally larger and the neck is proportionally thicker and shorter. The
sculpture may more exactly reflect the imagination of the present authors than the drawing does.

" The appearance of J. sharamurenensis may be summarized as follows. Head comparatively small, with
es situated midway, but the ears more anteriorly located than in other ungulates. Nostriles large, lips not
ticularly movable and nimble. Neck powerful, long and thick, ascending anteriorly. Stomach
comparatively small, much smaller than in living rhinoceroses. Limbs slender, angles between long segments
lar to those in living horses. Functionally tridactyl. McV shortened, with phalanges, lying well above
nd. Lateral metapodia markedly reduced in thickness, deviated from middle metapodia at distal ends.
le of coffin joint 135°. 1f a bold guess is allowed, the skin might be thin and soft, brown or grey in color,

th fine and sparse hair.

2. Restoration of Head and Neck of P. lepidum
{1) Restoration of Muscles and Ligaménts

The most remarkable distinetions in skulls of P. lepidum from J. sharamurenensis are the shortening
of the nasal bone, the backward shifting of the nasal notch and the appearance of depression on the frontal
trface above the orbit (Pl. XXIV 1—2). These changes seem to parallel with those in evolutionary trends
curred in tapirids. By analogy we may infer that P. lepidum has a particularly developed m. levator
hasolabialis, extending posteriorly onto the depression above the orbit (Fig. 45 1). '

Judged from the rough areas developed on the posterior part of the horizontal ramus and the mandibular
angle, the superfacial layer of the masseter muscles might be more developed than in J. sharamurenensis as
ell (Fig. 45 5). The deep notch on the lower border anterior o the mandibular angle seems to be analogous
ith the incisura vasorum in living horses, the place where the facial blood vessels transit. Therefore, in P.
pidum the facial blood vessels may intersect the middle part of the superfacial layer of the masseter muscles.
The appearance of a deep “pseudo-nuchal fossa” below the middle part of the occipital crest in TP 9401
ade the restoration of the nuchal ligament and the m. capitis dorsalis rather difficult to decide. Stmilar kind
fossa is present in living horses, but it is called “nuchal fossa,” where the nuchal ligament is attached
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(Klimov, 1955, p. 108). No such a fossa is present in living rhinoceroses. Instead, this place is occupied by
a pair of slightly depressed surfaces where the m. capitis dorsalis is attached. In the latter case, the m. capitis
dorsalis must be more tendinous in nature, playing more important role in supporting the head than the muscle
does in living rhinoceroses.

With the enlargement of the paroccipito-posttympanic process and the posterior border of the mandible iy
TP 9401, the m. sterno-cephalicus and m. brachiocephalicus must be encrmously strong in P. lepidum
(Fig.” 45 9-10, 46 3-4).

The spincus processes in anterior thoracic vertebrae, at least in T1 — T8, are particularly broad, with
strongly excavated posterior sides and enlarged, rough top tubercles. This indicates that the supraspinous
ligament and the m. spinalis and m. multifidus must be particularly strong in P. lepidum (Fig. 46 1).

(2) Functional Analysis

Paraceratherium lepidum has a number of characters distinctive from J. sharamurenensis in skull,
vertebral column and in musculature, as discussed above. Functional implications of these characters can be
briefly summarized as follows.

i. Paraceratherium lepidumn may have possessed a longer snout, with half prehensile nose (Fig. 45).
The way to gather food (leaves, stems and occasionally fruits) may be concentrated in the anterior-most part
of the snout. It is accomplished by coordinated action of the prehensile nose, the first pairs of enlarged
inasors, and probabiy a dexterous tongue. The first pairs of incisors apparently do not play a part in chewing
the food, since only very weak wear facets can be seen on the tops of il, although the specimen of TP 9401 is
very old in age. The special way of gathering food (combing leaves from stems) often needs to move the skull
sideways and/or backward, hence is the enormous size of the paroccipito-posttympanic processes, where the

-powerful muscles pulling the skull (m. sterno-cephalicus and m. brachiccephalicus) are artached.

ii. The relatively larger sizc of the masseters and probably the digastric muscles, in combination with the
reduced temporal ones, tend to show that, in P. lepidum , when the jaws occlude, the cutting and pressing
forces between the upper and lower cheek teeth are intensified, while the rapidity of contraction of the jaws
may play less important role in feeding.

iii. In P. lepidum, the cervical vertcbrae are enormously elongated and enlarged. The elongation is
especially noticeable in C2 — C5, body lengths of which are four times as long as those in J. sharamurenensis,
while the lengths of skull and thoracic vertebrae increase only twice (Tabs. 6 —8). All the cervical vertehrae
are hollowed, with their spinous processes almost wanting. All these characters can be fairly well accounted
for in terms of mechanics. In the evolutionary process to get food from higher and higher trees in
paraceratheres, the neck had to become longer and longer. With lengthening of the neck, the force needed to
support the head and the neck itsell has to be tremendously inereased. This will be accompiished in two ways:
to make the head and neck lighter, and to strengthen the supporting forces. Thus the anterior part of the skull
has been reduced in size and the cervical vertebrae become greatly hollowed. On the other hand, the m.
capitis dorsalis (or nuchal ligament?), the supraspinous ligament, and the m. spinalis and m. multifidus,
become enormously strong in crder to reinforce the strength to hold the skull and the elongated neck.

iv. Based on the length of the thoracic and lumbar region of the vertebrat column and the tengihs of ribs
preserved in TP 9401, the volume of the chest and stomach in P. lepidum (L: 3 m: H: 1.2 m; W: 1 m)
is estimated as 3.6 m’. This is about nine times as large as that of J . sharamurenensis, which is estimated as
dightly larger than 0.4 o’ {L: 1.5 m; H: 0.55 m; W: 0.5 m). The distal ends of most of the ribs are
flattened and plate like. The plate-like ribs are beneficial in supporting the chest and stomach by making the
ribs lighter and increasing the supporting surface. This is the siratcgy adopted by the majority of ungulates
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-with large chest and stomach.
{(3) Restoration of Head and Withers (Fig. 46)

The head and neck are very long relative to the body in P. fepidum . In TP 9401 the body length (from
: tip of skull to posterior end of inmominate bone) is 7215 mm, while the length of head + neck is 3495 mm,
“i.e., the latter is about 1/2 of the former. In cervical vertebrae (C2— C7) the planes of the zygapophyses and
- the axes of bodies are subparaliel with each other. This is different from those in J . sharamurenensis , where
the above mentioned planes and the axes are convergent anteriorly. This would mean that the pléneé 'Q'f the
zygapophyses are not closely relevant to the direction of the neck as in ] .. sharamurenensis: Furthermore, the
enormously enlarged attachment areas on the posterior borders of the mandible in TP 9401 imply strongiy that
. in P. lepidum the m. sterno-mandibularis must be very strong. At the same time, the spinous processes of
anterior thoracic vertebrae, especially T1 — T3, are all subequally high. All these characters tend to show that
n P. lepidum 1) the neck would not necessarily be strongly ascending anteriotly as in J. sharamurenensis ,
) the withers could be rather high relative to the head, and 3) the neck could be very thick and hardly
separable from the head by a notch on the lower border behind the mandible. These features are ‘demonstrated

3. Estimation of Body Mass and Ontogenetic Ages
(1) Estimated Body Mass of J . sharamurenensis and P. lepidum

The paraceratheres have long been considered the largest land mammals. However, the problem of
éa_'cactly how large and heavy they are is still unclear. In recently appeared popular science movie “Walking
with beasts,” these animals were described as 4. 5 m high at shoulder and 15 — 20 tons heavy (Haines,
2001). Their maximum weight was once estimated as much as 34 tons (Alexander, 1989). Another question
is how large and heavy was J. sharamurenensis. In recent years special attention has increasingly been paid
the problem of body weight. It has been considered as one of the most important properties in biclogy in
é_eneral (Peters, 1983; Schmidt-Nielsen, 1984; Damuth and MacFadden, 1990; Silva and Downing, 1995,
etc. ). ' |

Since in principle any part of skeleton is variously correlated to body weight of an animal s a great variety
of measurements have been used to estimate body weight in vertebrate paleontology. However, it is generally
reed that the head-body length (HBL), which is highly correlated to body weight in extant mammals, is
probably the best one. Of the paracerathere fossils so far known, only in two forms, i. e., J.
Sharamurenensis and P. lepidum, the head-body lengths can be obtained. According to the methods of
urements proposed by MacFadden and Hulbert (1990), the HBL in the former measures 3015 mm
head, 595; neck, 640 and body, 1780), and that in the latter, 7215 mm (head, 1325; neck, 2170 and

Based on HBL, using the commonly accepted regression equation (igW = q + blgL), estimated body
ight can be calculated against certain reference groups of extant animals, as is shown in Tab. 56. The body
ights of J. sharamurenensis calculated against the whole Mammalia is 463 kg, against ungulates is 749 -
ke, and against Perissodactyla 1s 888 kg. The above figures clearly show that, with the lowering of the ranks
the taxa (from Class to Order) the calculated body weights become larger and larger. This is
derstandable because the higher the taxon rank is, the more the animals smaller than average size are
I_:léluded. On the other hand, the closer the rank of taxa to the animal to be studied is, the closer the
culation would be to the actual body weight of the given animal. The result calculated against the
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Perissodactyla for the body weight of J. sharamurenensis (888 kg) may be overestimated because of the fact
that the living perissodactyls are exclusively composed of middle-sized {horses and tapirs) and graviportal
{rhinos) forms. Taken as a whole, it would be more reascnable to estimate the body weight of [.
sharamurenensis somewhere between 749 kg (based on ungulates) and 888 kg (based on perissodactyls) , say
around 800 kg. Using the same method, the body weight of P. lepidum can be estimated as around 15 tons
{Tab. 56).

(2) Estimated Life Span

As convincingly stated by Peters, the majority of biological phenomena are somehow correlated to body
mass. Among these phenomena is the life span, which can be caleulated by the generalized equation Y = aW*
(Peters, 1983, p. 1). However, the methods proposed by Peters and others are still far from satisfactory
when applied to paleontology. Tab. 57 shows the results of some preliminary attempts. The results show that
the average life span of J. sharamurenensis calculated against Artiodactyla is about 25 years, while that of P,
lepidum is about 45 years.

These results can be tested by comparing the sequence of tooth eruption in paraceratheres with living
rhinoceroses whose tooth eruptions are linked with known ages. Garutt (1992) attempted to compare the
sequences of tooth eruption between wooly rhinoceros and the living African rhinoceroses, and found that
(Garutt, 1992, p. 102): “the development and eruption of P4 and M3 in the wooly rhinoceros are identical
to those in recent D. bicornis and C. simum.” The sequence of tooth eruption in these three forms can be
sumnmed up as follows: the eruption of P2 at 2.5 —3 years, P3, 3 — 4 years, P4, about 10 years, M1, 1.5-
3 years, M2, 6 — 8 years, and M3 8 — 15 years. The average life span of the African rhinoceroses is suggested
to be around 45 years, reaching maximurn of 50 vears (Kingdon, 1979). Peters noted (1983, p. 119-124)
that: “the average mammal still has 90% of its maximum life span ahead when sexual maturity is achieved.”
This would mean that when the African thinoceroses reach their sexual maturity, the P3 has crupted, but the
P4 is still embedded in its alveolus. On the other hand, the M3 would erupt at the age of 1/3 of the maximum
life span.

In 55 4103.1, the degrees of wearing of the P4 and P2 — P3 differ only slightly, but the M3 has already
erupted, hardly worn (Pl. IV 1). This seems to indicate that the P4 and M3 apparently erupt earlier than in
living rhinoceroses. Assuming that in J. sharamurenensis the P4 erupted at age seven (three years earlier
than in living African thinos), then the maturity of J. sharamurenensis will be reached at an age of about 3,
or 3.5, and the maximum life span will be 30 or 35 years. This assumption is 5 — 10 years longer than the
calculated years in Tab. 57, but seems to be more realistic. Based on this, SS 4103. 1 would be about 12 —15
years old, and V 2891, about 22 —25 years old.

The sequence of tooth eruption in P. lepidum is more similar to that of J. sharamurenensis than of
living rhinoceroses. The degrees of wearing of P2 — P4 are close to those of Class XVI (33.5 years) in Diceros
bicornis, the degree of wearing of M1 is close to that of Class XVII (37 years), but the degree of wearing of

‘M3, Class XIV (21 years) in Hitchins classification (1978). It would be acceptable if 40 — 45 years are
supposed for the rough estimation of the maximum life span of P. lepidum . Then TP 9401 would be roughly
35 years old. ,
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- VI ENVtRONMENTAL CHANGES OF ASIAN CONTINENT
- WHEN PARACERATHERES EXISTED

1. Asian Continent During Late Eocene — Oligocene

(1} Configuration and Geomorpholegy of Ancient Asian Continent

Nowadays Eurasia is a supercontinent in northern hemisphere stretching over more than 180° longitudes.
‘However, in Paleocene and Eocene time the European and Asian parts were separated by the “West Siberian
Sea.” The Palecasian continent was much smaller, called by Wang (2004) the “slim” Asia (Fig. 47). During
the Oligocene the part once occupied by the “West Siberian Sea” gradually and diachronically emerged from
the bottom of the sea. For exatnple, in the area north of the Aral Sea, the Oligocene deposits of ’this area are

very complicated in lithology, represented by marginal marine facies (Kutanbulak Fm. of early Early
Oligocene and Chagray Fm. of early Late Oligocene) and mixed marine and freshwater facies {Chilikta Fm.
of late Early Oligocene and Aral Fm. of late Late Oligocene, wvide Lucas et al., 1998). The southwestern
part of Paleoasia may have turned into land during the Oligocene as well (Kummel, 1970, Fig. 13-4), with
afew remnants of sea water as evidenced by some marine fish-bearing deposits of possibly Oligocene age in
Tarim Basin, Xinjiang (Li, 1997). The eastern border of the Paleoasian continent also changed during that
“time. In its north part the sea shoreline retreated westward compared to that of the Eocene (Figs. 47—48),
“while the south part of the sea shoreline advanced eastward, according the recent investigation of the shelf
- deposits in East China Sea (Research Party of Marine Geology, 1989) and the deposits of South China Sea
(Wang et al., 2003a,b).

(2) Paleolatitades of Asia

: The earliest restoration of the i)aleolatitudes of the Paleoasian continent was done by Vinogradov (1967)
for the Eocene time. Later, Sealay and McKenna (1971) and McElhinny (1973a), and Seyfert and Sirkin
: (i973) made similar attempts to locate the North Pole of Paleogene age as well. Recently, applving more
elaborated methods to handle with the paleomagnetic data, Besse and Courtillot (1991) proposed a new
;‘apparent polar wandering curve and located the North Pole at the cross point of 145. 4°E, 80.2°N for 40 Ma,
and that of 132.8°E, 81°N for 30 Ma.
' Of the five sets of data, the earliest one by Vinogradov (135°W, 67°N for North Pole around 40 Ma)
seemns rather deviated from the others, which are more or less closely clustered. The latest data provided by
Besse and Courtillot are accepted in the present volume (Fig. 48). Accordingly, the North Pole drifted
“southeastwards during 40 — 30 Ma, compared to that of present day. As a result, the latitude lines turn
- clockwise, forming an angle of about 20° at the crossing points, which lie at the longitude of 50°E, around the
Caspian Sea. This has the effect of southward shifting of the paleolatitudes lying east to the crossing, but
northward shifting of the paleolatitutes west to the crossing. As a rule, the more distant from the crossing a
given area is located, the greater the extent of shifting this given area has. The shifting of the paleolatitudes of
 the localities with paracerathere fossils in terms of angles are presented in Tab. 58. Taken as a whole, the
: extent of shifting varies 3°~ 7° (Fig. 48, Tab. 58).

= 383 -



2. Climate of Asian Continent During Late Eocene — Oligocene
(1) General Tendency of Global Climatic Changes

Now it is generally accepted that the earth’s climate gradually changed {rom an essentially uniformly
warm Late Cretaceous to the cooler, more heterogencous Neogene (Berggren and Prothero, 1992, p. 5).
The late Mesozoic is often euphemistically called “hothouse” period, the Neogene, “icehouse,” while the
Paleogene, particularly Eocene, “doubthouse™ period. However, the cooling process is by no means
rectilinear. According to Berggren and Prothero (1992), during the early Eocene the global climate reached
its optimum warmth, followed by a gradual, stepwise cooling during the remainder of the Paleogene. A severe
cooling occurred around 40 —41 Ma, while the other one occurred around the Eocene-Oligocene boundary.
" The latter was called by Wolfe (1978) the “Terminal Eocene Event.” This general cooling trend has been
widely documented in paleoclimatic and fossil researches, especially those conducted in North America and
Europe as illustrated in the book “Eocene-Oligocene Climatie and Biotic Evolution” (Prothero and Berggren,
1992). ' ‘

{2) Paleoclimate of Asian Continent

According to Makulbekov (1987), by the end of Eocene a subtropical flora of Poltava type dominated
almost the whole Kazakhstan (except for eastern part) and the Middle Asia, while a moderately warm,
deciduous flora of Turgay type became dominant since Oligocene in these areas.

Based on sedimentation characters and floristic analysis, Li and Zheng (1993) subdivided the territory of
China into three climatic regions. 1) The warm and humid region in Northeast China, characterized by dark
colored deposits including oil-shales and coal-seams, as typified by the Fushun coalfield. 2} The hot andfor
serniarid region of Northwest and Central China, characterized by red-beds with gypsum and other rock salts.
3) The tropical humid region of Southeast China, characterized by alluvial and lacustrine degosits with coal
and oil shales. The hot and/or semiarid region is the largest of the three and is the main area with rich Eocene
and Oligocene paracerathere fossils. The most common plant fossils in this region during the Eocene and
Oligocene are the leaves of Palibinia, small in size and coracious in texture, indicating the arid and hot
climatic conditions. Wang defined this arid zone and demonsirated its north and south boundaries in Fig. 6 of
his paper (Wang, 2004 ). The tropical hurnid region of Southeast China bears only a few Eocene paracerathere
fossils.

While keeping to the general tendency of cooling, the climate of the Chinese part of the Asian continent
during the Late Eocene ~ Oligocene possessed the following three particular features.

i. The eastern coastal region north of 31°N formed a narrow warm-temperate and subtropical zone with
considerable moisture. This can be accounted for partly by the wammer climate and lower gradient of
temperature against latitudes prior to the formation of the monsoonal systemn in East Asia, and partly by the
influence of the western boundary currents of the Pacific Ocean on the coastal areas of the Paleoasian
continent.

ii. As stated above, during the Paleogene there existed an arid zone, stretching in southeastern-
northwestern direction. At the east end this arid zone js situated in 25° — 40°N of present day, while at west
end, 35"~ 50°N. At present day, deserts and semideserts occur “in belts of dry climate from 30° to 40° N and
S latitudes” (Brown and Gibson, 1983, p. 105). Compared with the latitudinal distribution of the arid zones
_ of the present day, the distribution of above stated Paleogene arid zone seems too low in latitude (close to the
Tropie of Cancer) at eastern end, on the one hand, and tilted at an angle with the latitudes of present day, on
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the other. However, if the distribution of this arid zone is viewed against the latitudes restored by us-for the
Late Eocene and Oligocene time (Fig. 48), both incongruities disappear. It is significant to note that most of
the pa.racerathere fossils were found in this arid zone.

. The climatic changes between Eocene and Ohgocene in East Asia were apparently tmore or less
gradual not so abrupt as in North America, where a severe ooohng, often called the Terminal Eocene Event,
was well recognized (Retallack, 1992; Wolfe, 1992).

3. Evolution of Para'ceratheres and: Environmental Changes
(1) Stage of Development of Ji uxta

So far is known, Juria lived only in late Early to early Late Eocene (4538 Ma) in middle latltudes of
East Asia (32° —44°N, 108" — 114°E). In southern part of the distribution area where the Wucheng, Basin is
tuated would: be low mountainous landscape with hot and arid climate, based on- the sedimentology of the
Waulidun Formation where Juxia micracis was found (with gypsum and leaves of Palibinia). In Eren region,
where Juria sharamurenensis and J. shoui were found, the climate may be slightly colder and riore mesic as
evidenced by the presence of conifer pollen (Li, 1984, p. 102). At any rate, the vegetation type would be
woodland with fairly dense undergrowth, providing plentiful foodstuff for various plant-eating ungulates.
Juzia apparently stood on a particularly favorable position in competition with the other rhinocerotoid animals
wing to its superiotity in héight of stature and swift running away from the possible predators. -

(2} Stage of Develop_inent of Urtinotherium

Urtinotherium contains two species: a smaller U. parvum and a larger U. intermedium. The former
s recorded in the lower part of the Ulan Gochu Formation (around 40 Ma) , while the latter, probably from
he uppef part of that formation (around 37 Ma). H the length of the cheek teeth is taken as the
presentative measurement of the size of the animal, the rate of size increase from Juxia to Urtinotherium
uld be much higher than that from Urtinotherium to Paraceratherium. The lengths of the upper cheek
eléth of the four forms [ J. sharamurenensis, U. parvum, U. intermedium (estimated based on lower
eth), and P. grangeri | are 210 mm, 285 mm, 360 mm, and 403 mm respectively. The increment from
uxiq to U. parvum (42—40 Ma) is 37.5 nun/Ma, that from U. parvum to U. intermedium (40—37
) is 25 mm{Ma, while that from U. intermedium to P. grangeri (37 —33 Ma) is only 11 mm/Ma. [tis
ear from the above figures that the most rapid increase in size in paraceratheres occurred around the boundary
stween Middle and Late Eocene (around 40 Ma). Then the rate of size increase gradually decreased, but at
e beginning of the Oligocene the paraceratheres attained their largest size. By implication, during Late
Eocene in middle part of East Asian continent, the living condition, i.e. , the landscape, climate, vegetation,

¢. , must have been highly favorable for the paraceratheres.
- (3) Stage of Development of Oligocene Paraceratheres

With gradual cooling since the Late Eocene, the vast territory of the middle part of the present-day
hina, especially its northwestern parts, might have become mostly woodland with sparse undergrowth.The
ze differences between the genera of the Qligocene paraceratheres are not very marked, a fact implying some
ind of dynamic equilibrium between the food supply of high trees and intake of the paraceratheres has been

cached during Oligocene. The trend of evolution has changed from size increase to improvement in gathering
‘food. For this purpose, different types of muzzles evolved. However, the main trend in this direction was the
evelopment of movable lips or some kind of “proboscis,” as illustrated for P. lepidum (Fig. 45). The
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living.condition of latest Oligocene or earliest Miocene in this area for the paraceratheres might be further
deteriorated in view of the fact that Turpanotherium became somewhat “dwarfed” with higher crownd cheek
teeth and anteriorly stretching lower tusks, probably capable of barking the trees.

{4) Cause of Development of Paraceratheres in Asia

_“ The development of the paraceratheres, almost exclusively in Asia, is apparently closely related to the
presence of a wide arid and hot climatic zone in the middle part of the present day China. It is well known that
during Middle and Late Eocene and Oligocene the dimate (more humid and warm) and vegetation in the same
latitudes in Europe were quite different (Collinson, 1992). One of the possible reasons to account for such a
phenomenon may be the shifting of the paleolatitudes relative to the recent ones. It is clearly seen in'Fig. 48
that the paleolatitudes around 40 — 30 Ma shifted about 10° northwards. Similar shifting of paleolatitudes
would occur in North America. - .

_ Leopold ez al. (1992, p. 412) characterized the vegetation of Late Focene ih Northwest China as

“subtropical woody savanna type or open deciduous forest with a lot of shrubby areas dominated by cf.
Nitraria and Ephedra.” Such kind of vegetation cover would have been favorable for’ two diverging
adaptations among plant-eating ungulates: one adapted to feeding on leaves, fruits and probably tender twigs
frdm high trees; the other, mainly on bushes and shrubs. Paraceratheres quickly won the battle in
competition to-gather food from high trees and becarne the unique group living purely on the high trees. While
the other plant-eating animats were forced mainly to live on the undergrowth. They were small in size, and
often with rather high crowned cheek teeth, probably an adaptation to xerophilous undergrowth. The Asian
hyracodont Ardynia may serve as a.good example of these kinds of ungulates, while the numerous forms of
~ the tsaganomyids may well be the examples from the rodents.
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PWHARIEERLE, B (skull of Juzia sharamurenensis, holotype), V 2891, HFIR (scale bar) = 10 cm
1. HH (dorsal view) : !
2. ZEMET (left lateral view), [. &l ¥L-8% 5 3€ ML (foramen between paroccipital and posttympanic processes)

B B O

BHARIAE R EM (skull of Juria sharamurenensis, holotype) , V 2891, AR (scale bar) = 10 om
1. AME (right lateral view), ¢. BI#LZ IS5 (posterolateral ridge of paroccipital process)
2. I8 (ventral view)

B B I

BRAMRIGE B, M (Juxia sharamurenensis , holotype), V 2801, AR (scale bar) = 10 em .~
' 1. LB (skull): 1a. MITFEET (cranium, ventral view), t BIELEAMIIANER (tubercle at medial side on ventral surface
Cof baroocipital process); 1b. BEHET (nuchal surface) .
2. FAl {mandible): 2a. FEMH (crown view), 2b. HHE (right lateral view)

H R IV

ﬁ?ﬁ*‘fﬁﬁé‘gg (Juxia sharamurenensis), SS54103.1-2, WA (scale bar) = 10 an
1. LBH¥E, B, A (anterior part of skull, palatal view, cast), $$4103.1
2. F#, R (mandible, cast): 2a. FEH (crown view), 2b. ZEE (left lateral view), SS 4103.2

B OBV

PR AR E R EE, B (cervical vertebrae of Juzia sharamurenensis , holotype), V 2891, KR (scale bar) = 10 em
1. B (atles): la. M (dorsal view), 1b. BT (anterior view), lc. BT (ventral view), 1d. JFH (posteror view)
2. B=HE (C3): 2a. FTBUE (right lateral view), 2b. FH (dorsal view)
3, EAEIHE (C3): 3a. HHIA (right lateral view), 3b. ¥ (dorsal view), 3c. BT (antedor view)

B R VI
@ﬁ?ﬁfﬁﬁ%ﬁ@ﬁﬁ FffHE, IE4 (cervical and thoracic vertebrae of Juria sharamurenensis, holotype), V 2891, &R
(scale bar) = 10 cm o
_1- SEATHE (C8): 1. BT (right lateral view) , 1b. & (dorsal view), lc. BRI (ventral view), 1d. _ﬁ?jﬁ { anterior

‘view), le. JGTH (posterior view) i
2. BAFIHE (C7): 2a. ZAME (left lateral view), 2b. BT (dorsal view), 2¢. B (anterior view), 2d. J5 H

( posterior view)

3. M (T1): 3a. FMIE (right lateral view) , 3b. BIT (anterior view)

B W v
PoRr AAC IS B R A FEE: , IF 48 (thoracic and lumbar vertebrae of Juria sharamurenensis , holotype), V 2801, HFAR (scale
bar) = 10 cm
1. =y (T3): la. J5ET (posterior view), 1b. ZEMIFT (left lateral view)
. 387 -



. SEAIGHE (T5): 2a. JRTA (posterior view), 2b. A (anterior view), 2¢. Z R (left lateral view)

BIHE M (penultimate T): 3a. BIH (anterior view), 3b. ZEMIT (left lateral view), 3c. JTH (posterior view)
e, 22 (last T, left lateral view) :

2| HEHE B (Lm2, anterior view)

EEPUERE, BT (Lmd, antetior view)

_O\U'l-hb)l\)

hﬁvm

@ﬁ*%ﬁﬁﬁ@@ﬁﬁﬂﬁ% TE# (lumbar vertebrae and rib of Juzia sharamurenensis, holotype), V 2801, Ll:.f?ﬂﬁ (scale
bar} = 10 em
1. B/, )5 (Lm2, posterior view)
2. SEEHE, GE (Lmd, posterior view)
3. BJEERE (last Lm): 3a. JSIH (posterior view), 3b. I (dorsal view)
4. SE—hE (17 right rib) : 4a. BT (anterior view), 4b. P (medial view)

W IX
PR EREREMEEE, EH (scapula and humerus of Juzia sharamurenensis I‘K)lot;pe); V2801, HR {scale bar)

= 20 cm
1. HEME (right scapula): la. S (lateral view), b, W (medial Vlew)
2. ZEREE AME (lefr humerus, lateral view)

B MW X

WRIASIEE RAEEFE , IF4E Churerus and ubna of Juzia sharamurenensis, holotype), V 2891, EBIR. (scale bar) = 10 em
1. £ifEE (right humerus): la. BT (anterior view), 1b. SEHI (posterior view), lc. W (madlai view), 1d. #M1
(lateral view); WLAIMIE X (muscle attachment scars}; 1. BT IL (m. infraspinatus), s. BEFHEHL (pronator longus),
t. KIEIPL (m. teres major), tr. BE=3LAL (m. triceps)
2. AR HME (right uina, external view)

@iﬁi}ﬂ

WA E BT R ERBSS, B (radius, ulna and scaphoid of fuxza sharamurfmensu holotype) V2891: 1-2:

HARR (scale bar) = 10 em, 3: HIR (scale bar) = 2em

1. 585 (ught radius): la. AIHE (antenor view), 1b. JEU (posterior view), le. 4N (lateral v1ew) Hﬂ.FﬂﬂﬁfE
{ muscle attachment scars) : b. 8L (m. brachialis), i. B-R-EAEH (lig. interosseum) :

2. HRE (right ulna): 2a. HHE {anterior view), 2b. A {medial view)

3. HBTE (right scaphoid) : 3a. T (proximal view), 3b. IR (distal view), 3c. PIHE {medial view) , 3d. #h
T (lateral view), 3e. T (domal view); m. SEFXTWZHE (articular facet for magnum), td. 5/hEHEFRTZ
T (articular facet for trapezoid) , tm. SHAEHF LT ZH (articular facet for trapezium)

B R X1

VRO E BT (carpals of Juxia sharamurenensis ), HABUR (scale bar) = 2 em

1. ZABH, I (rght lunar, hootype), V 2891; la. BT (antedor view), 1b. IEMRE ( proximal view), lc. BNl
(distal view), 1d. HH (medial view), le. #MHA (lateral view)

2. Ze¥EE (lelt cuneiform) , V 2891.1: 2a. 5P (lateral view), 2b. ¥i¥§T (proximal view), Jc. TS (distal view)
2d. P (medial view); r. SHIE X ZH (articular facet for radius), u. SR BXWZH (articdar facet for ulna),

EWMY-EEWZE (articular facer for pisiform)

3. BEIEEEES , F4E (right unciform without posterior tubercle, holotype), V 2891, 3a. BI#ME (laterodorsal view) ,
3b. IE¥EE (proximal view), 3c. JGHGHE (distal view); mg. S8 %¥ZH (articular facet for magnum), melll. 5
Melll 29 2 (artcular facet for MeIlD), melV. 5 MclV X ZH (articular facet for MclV)
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4. Ze8E g {left unciform, d:stai view)}, V2891.7, mg. SEFXRTZH (artcular facet for magnum ), melll. 5
MG 2 W2 1. (articular facet for MeTE) , melV. - Ii McIV %wZﬁ (artieuler facet: for Mcw), mevi. '—‘?T MV k¥
i} (arncular facet fo;r McV) : : e e e

E J"di" xm

@ﬁ*fﬁf‘ BB .25 (carpals and metacarpals of Juzia sharaniurenensis) S Lol

1. FSEIEE, B (right McTV, holotype), V 2891: 14, "1 (lateral wew) micV, fﬁ McV ;éw Erﬂﬁ (arucular
{acet for Mc V), x JYRTRERE 1 % &b (place where the ridge disappears) ;- th. YT H I (mesial view);’ I:Eﬂﬁ (scale
bar) = 5 cmn; le. 3TEGH (proximal view), 1d. T4 E (distal view); WA (scale bar) = 2'cm’ :

2. K= WERIN (proximal ends of left Melll - IV), V 2891.2: 2a. %?ﬁ {dorsal view), HBIR (scale bar) =3
em; 2b. Melll FE¥S T (proximal end of MclllY, HIR (scale bar) =

3 ERCEEEER.x NEENS (Jeft carpa_ls and metacarpals, dorsal view, yeconstructed parts designated by x) Ho
. {scale bhar) =5 cm

B OH XV

whrA SR E B (B 7 {phalanges of Juzia sharamurenensis}, IER (holotype), V 2891; 12, 3a,4-35: HHIR
 (scalebar) = 5 em; HAR (all others): HBIR (scale bar) = 2 cm
1. GRS EE =BT & (rght Phl — I of middle toe): la. BEH (plantar view). c xmﬁ%ﬂﬁfﬁﬁfgz
{attachment ares of X:,haped sesarnoidean ligaments), t. W% HLEE (proximal prominence); x. % ¥ FF 35 T
{articular facets for distal sesamoids 7}, 1. BHRFAET FHEER (lower scar for flexor digitéiis pedis superficialis}, 2.
- BEYRJTMLEE b B 98 B (upper scar for flexor digitalis pedis superficialis); 1b. 7 i { dorsal view), d. [U K &
- {depression), e. ST HMYE (depression under extensor process) , f. RET i (false articular facet), v. VB
BT (’V—slllaped prominence)
2. FFHE—BEE (rght PhI of middle toe): 2a. PAUITAT (medial view) , 2b. ifj%?nﬁ ( proximal view)}, Zc. TG T
{distal view)
3. TS MY F (right PhIl ofmtddle toe) : 3a. W‘lﬂljﬁ (medial view), 3b. VE¥SE {proximal view), 3c. FG¥
(distal. view)
4, HEE =B E, VTSI (right PhIII of rrnddle toe, pro:umal vrew) y. SETFHETH S (narrow facet
o arl::culai.mg with distal sesamoid)
5. WE—FE=F(FA)TFE (PhI-1II of lateral d1g1t) S5a. HE (dm:sai view), f. {E;)ET-'E (false articular facet) 5h.
B {volar or plantar view)
6. WEE—38 (ML) FE (Phl of lateral digit): 6a. ﬁﬁfﬁ"_@'ﬁi { proximal view), 6b. JE"F_@'@I? (meaal view), 6c. TG
“ (lateral view), 6d. FEHRH (distal view)
© 7. ML (AL) T B (PhIL of lateral digit) : 7a. ﬁﬁ‘ﬂ%ﬁ (proximal view), Th. TEHFH (distal view), 7c. 35 # E
{lateral view)
8. MEEHE, B (PhIlT of lateral digit, proximal view)
9. M- F = (AL IE, B (PhIL - 1T of lateral digit, dorsal view)

B KR XV.

ﬁ*fﬁﬁﬁ‘ﬁ@ﬁ{]ﬁ% SRS s, I (pelvis, femur and patella of Juzia sharamurenensis, holotype), V2891, 1-2: |
HIR (scale bar) = 10 cm; 3: HFJR (scale bar) = 2 ooy
1. #F, 5 (pelvis, dorsal view), g. #AIER {gluteal line), x. 4B #/SHE T (groove behind ischiatic spine)

2. HIEH (right fermr); 2a. BIE (anterior view) ,-A Zb. PIE] {medial view); c. K% (fovea capitis), It. KEET R
{ anterolareral part of greater trochanter), m., P8R {medial epicondyle), v. BEPTIBE 2R (attachment of m. vastus
medialis) ' o _

3. HEEE (rght patella) : 3a. B (anterior view), 3b. JETH {posteriar view).

B B XVI

ﬁ*fﬁﬁﬁﬁ@ﬁﬂﬁﬁ’%’fﬂﬂ%\ﬂi%,ﬂiﬁ {fernur, tibia and fibula of Juzia sharamurenensis, holotype), V 2891, HBHIR (scale
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bar}) = 10 em

1.

AMEE (right femur): 1a. 5T (posterior view), c. k¥ (fovea capitis), f. #f %% (supracondyloid fossa), g. BEE
UL F#R (attachment of m. gastrocremius), n. #FFFl (nutrient forammen), pt. KT HETF (posteromedial part of
greater trochanter); 1b. #MAITH (lateral view), e ULE (fossa extensoria), 1. #FE E I (lateral supracondyloid
crest), p. MHALES (m. popliteus fossa)

. ZHEE (left tibia): 2a. FUW (anterior view); 2b. M| ET (lateral view), f. SHEE X WAIHIAE T (rough ares

articulating with fibula), 1. SH-EEMATEEEE (rough area contacting with fibuta); 2c. JETH ( posterior view)

3. B, A (right tibia, anterior view)
4. FEHER, #h i (left fibula, lateral view)
B Xvi
VHRARRIEE RAHE (tarsals of Juzia sharamurenensis), 1—3: HHR (scale bar) = 5 cm, 4—5: LR (scale bar) =
2 cm '
1. ZEBEE (left astragalus), V 2891.3: la. # 7 (dorsal view); 1b. B (plantar view), 1. 8326 (facet for

processus cochlearis), 2. 4R (tongue-shaped facet), 3. FEECITH (sustentacular facet), 4. SREXTHE=E
(3ed facet articulating with calcaneum) , 5. 1 L4575 (medioproximal tubercle) ; 1c. iE%t 1 ( proximal view); 1d. i
W (distal view)

. HEEE,ME (rght astragalus, lateral view), V 2891.3
. ZEBRE R (left calcaneum without proximal end), V 2891.4: 3a. I (medial view), 3b. BT (plantar view),

3c. HME (lateral view), {. SBEEXT2ZM (facet articulating with fibula)

. BHAE (right navicular), V 2891.7; da. ¥F¥ET (proximal view); 4b. JEHFH (distasl view), i. S5ABEFETH

T (articular facet for entocuneiform), m. S EETTHE (articular facet for mesocuneiform), e. 59#&%3&%3{3
T (articular facet for ectocuneiform); 4c. SR (lateral view)

. ¥R (right ectocuneiform), V2891.7: S5a. 8% (proximal view); Sh. P (medial view), mcll. SE B

HEWHHIE (articular facet for Mtll); Sc. #Mif (lateral view); 5d. i (distal view)

A M Xviu

PRARGIEE BRI (pes of Juzia sharamurenensis), 2a—b, 3a—d: HFIR (scale bar) = 5 emy 5: IR (scale bar) =
10 cm; Hefx (all others): R (scale bar) = 2 ¢m

1.

1.

VG + 8 BE, B (left entocuneiform + M, holotype), V 2891, la. W (dorsal view), 1b. B

{plantar view)

. ZEEE T EEER IFEE (lefr Mcll, holotype), V 2891: 2a. TP (mesial view), 2b. L (lateral view), 2c. FTim

(proximal view); i. SHEF + E—EBX T2 H (articular facet for entocuneiforra + Mtl), e, SHMEE T i
(articular facet for ectocuneiform), mtHl. 5 Melil 32 B (articular facet for McIIi)

 HEZES, FHE (right Mtll, holotype), V 2891 3a. H [ {dorsal view), 3b. BEH (plantar view), 3c. FIIH

{medial view), 3d. M7 (lateral view), 3e. iE%% (proximal view), 3f. ¥ (distal view); r. BEE _EAGHAES (ndges
on plantar side of MeIIl), mtll, 5% B XY ZE (articular facets for MtIl), mulV. 558 1088 26T 2 H
{articular facets for MtIV), c. 5 &K 2@ (articular facet for cuboid)

. TSI EREHR RS (proximal part of fght MUIV), V 2891.5; 4a. IEHHIT (proximal view), 4b. JTH I {mesial view);

c. SEE X2 (articular facet for cubcid), mtIIl. 5 Melll %9572 (articular facets for MtIII)

CEERVEN RS E (left pes, dorsal view, partly reconstructed) s x. H{EE #5584 (reconstructed parts designated

by x)
A M XIX
NG E R (Juria micracis), 1—3, 6: LR (scalebar) = [ em; 4, 5, 7: IR (scale bar) = 2 em
FESE— I (dght 1T -12), V5072; 1a. BT (labial view), th. Hifl (lingual view)

2. Fr S, 1, W (rght 12 13, finguel view), V 5073
3. ETF®— T0TH (eltil —i2), V35072: 3a. 5 (lingual view), 3b. [E (labiai view)
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4, & LS - METH Y, 5@ (left P2~ P4, crown view), V 5073 :

5. ZAE (left lunar), V 5074.8: Sa. SME (lateral view), 5b. & (dorsal view), Sc. W (medial view)"

6. E/hERE (left tapezid), V 5674. 5. 6a. A E (proximal view), 6b. PIHE (medial view), 6c. #ME (lateral
view)

7K . EmE {left unciform) , V 5074.4; 7a. W (dorsal view); 7b. FLIEE (distal view), mcV. '3%35:%'5‘9’&1'{2@
(articutar facet for McV)
BER R ( Forstercooperia mazhuangensis), HR (scale bar) = 5 cm

: 8. HEEMEFINL, BB (right carpal bones and proximal ends of metacarpals, dorsolatetal view), unc. %ﬁ*
{unciform) , McIV, M Bk (proximal end of McIV)

H B XX
INFURB R { Urtinotherium parmcm) R (scale bar) = 18 em
- EMM 0146
1. fH B#EsRF (r'lghtrPZ—M:i), ST (erown view)
AM 26190

2. ZH=5F (left Melll) : 2a. JTHT (proximal view), 2b. W (dorsal view), 2c. & (volar view)

3. ZZHE (left calcaneum); 3a. M (medial vieﬁr), 3b, HH (dorsal view), 3c. TIKE (distal view)

4. HEZHE (rdght M) : 4a. IWHE (proximal view), 4b. &M (dorsal view), 4e. B {plantar view)
5. % (858 (PhIT of middle digit) : Sa. JHTH (proximal view) , Sb. FLIST (distal view)

6—7. HEH ( Phill of middle digit): 6a, 7a. = (dorsal view)};6b, 7b. /G (posterior view)

B M XXI

BB R (Paraceratherium grangeri), AM 21618, LE@JR (scale bar) = S5 em

1. ABFAE (right scaphoid}; la. P (medial view), 1b. JEHHA (proximal view), lc. TR (distal view), 1d. #
& (lateral view), le. %W (volar view); m. SEEEWHE (articular facet for magoum), td. S/hEHEXETH
Hi (articular facet for trapezcid) , tm. FREAHEXTAIE (articular facet for trapezium)

2. /B (right lunar): 2a. W HEH{RP (dorsomedial view), 2b. iFHil (proximal view)}, 2c. TR (distal view), 2d.
A (medial view), 2e. 4P (lateral view)}; m. FE& X (articular facet for magnum) , un. 5%‘%"9‘:‘13 il i)
{articular facet for unciform)

3. HEBLE (right cuneiform): 3a. WHEIRSF (dorsolateral view), 3b. PIE {medial view), 3c. IIE?EL%E (distal view), 3d.
SESRT (proximal view); p. STEBXEWHE (articular facet for pisiform) , r. SHEXWAIHE (articular facet for
radius), 1. 5HEXTHE (articular facet for lunar)

-4, HNEAE (right trapezoid) : 4a. FEUHE (proximal view), 4b. W (medial view), dc. FTHRT (distal view), 4d.
#ME (lateral view)

B R XXII

HERER (Paraceratherium grangeri), HHIR (scale bar) = 5 am

1. AM 26166, FHETH, 4R (anterior part of mandible, crown view)

2. AM 21618, HEH (right magnum): 2a. FEERIE (proximal view), 2b, HH (dorsal view), 2c. M (lateral view),
2d. W (medial view), 2e. IRE (distal view); sc. SRIAHE LT AYE (articular facet for scaphoid), 1. 5 H &%
¥ i (articular facet for lunar)

3. AM 21618, 55808 (right unciform) ; 3a. &R (dorsomedial view), 3b. IR {proximal view) , 3c. THE
(distal view); cu. SEEE X HHE (articular facet for cuneiform), . 5H BXLTHME (articular facet for lunar)

R XXIIH

HAHR IR B E R ( Urtinotherium intermedium ), la-b: HFIR (scale bar) = 5 em; Te—e: ELBIR (scale bar) = 10 em
1. AM 26389, EE=38 (loft Mcill): la. IEHIT (proximal view), 1b. i3 (distal view), lc. B (dorsal
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view), 1d. ZEH (volar view), le. #M (lateral view); un. SEIEXEW T (articuiar: facet for unciform) -
BEER (Poraceratherium grangeri), 2—3: W (scale bar) = 10 em; 4*76: IR (scale bar) = 5 am
2. AM 26179, B8 (left calcaneum): 2a. #N (lateral view), 2b. BERE (plantar view), 2c. M (dorsal view), 2d.
R (proximal view), 2e. TE¥RE (distal view)
~ 3. AM 26387, HFEH (right astragalus) : 3a. HE (dorsal view), 3b. IE¥RTH (proximal view), 3c. FITE (medial view),
3d. BEE (plantar view), 3e. SME (lateral view), 3f. ST (distal view); a. S FAIF WA (tongue-shaped
/ facet under cochlear facet), b. SEEXRITH (sustentacular facet); cl. BRFEXYH -(cochlear facet), 2, #F FLYiE
(inferclateral facet) . : ‘ ) ‘
4, AM 26387, H8E (right cuboid) : 4a. HFE (dorsal view), 4b. FHE (proximal view), de. FEHAE (distal view),
4d. #ME (lateral view) , L
5. AM 26387, 4558—FBEE (PhI of right middle toe) : Sa. IE¥RIA (proximal view), 5b. E¥RE (distal view), Sc. FE
(dorsal view) : ‘ :
6. AM 26387, MBS, W (PhIII of latersl digit, dorsal view)

.‘/

B R xx1v

FEWER (Paraceratherium lepidum), TP 9401,3L5 (sladl), 1-2: HHIR (scale bar) = 10 cim, 3: Hﬂﬁ]f&' (séale bar) =
1cm ’
1. ZEMim, B VIR AE 9 R E R (left lateral view, part anterior to black line is reconstructed) .
2. T, BLRUBITAES R E R (dorsal view, part anterior to black line is reconstructed) --
3. BEWAMTE (anterior view of nasal bones where broken)

B KR XXV
EWEBER (Paraceratherium lepidum), 1-2; AR (smlebar) = 5 an; 3-5: HFR (smlebar) = 10 an
1. V 3194, 72 B&R4F P4~ M2 (left maxilla with P4—M2), EH (crown view)
2. V3305, & (rght) p3 —ml, EHE (crown view)
TP 9401, &5 (skull)
3. FLH (occipital view)

4. R, T (dorsal view of muzzle part), pm. BIEE (premaxilla)
5. A &R, wmd (rght PZ-\MS, crown view)

B R XXVI

EWMER (Paraceratherium lepidum ), TP 9401, TR (mandible), ‘1_2: H AR (scale bar) = 10 cmy 3—6: HBIR (scale
© bar) = 5 em: 7: HBIR (scale bar) = 1em

. ZEMIE (left lateral view)

. JGHE (posterior view) , e. F/E3E (posteotyloid process)

. BES®, TE (symphysis, top view)

. BR-G3F, BT (symphysis, anterior view)

. ZE (left) p2—m3, & (crown view)

. 4 (nght) m2 - m3, FE (crown view)

. ZE (left) p2, T {crown view)

~1 ot B W N e

B B XXvi

2WER (Paraceratherium lepidunr), TP 9401, HAR (scale bar) = 10 em
1. B (ates): la. %0 (dorsal view), 1b. JEET (ventral view), lc. FWE (right lateral view)
2. HEHE (axis): 2a. B (dorsal view), 2b. ZEMIT (left lateral view), 2c. BET (ventral view), 2d. BT (anterior
. view), 2e. JF (posterior view), 2f. HFEH WM (dorsal view of odontoid process)
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B M XXVII

EMERE ( Peraceratherium lepidum ), TP 9401, W (scale bar) = 10 ¢m
1, 8= - S (C3—C4): 1a. B (sight lateral view), 1b. BT (dorsal view)
2. B - AW (C5-C6): 2a. FHMTE (right lateral view), 2b. B (dorsal view)
3. H-LFME (C7): 3a. FYE (right lateral view), 3b. BITE (anterior view), 3c. Bl (ventral view)

i

B M XXX

EWER (Paracauatherium lepidum ), 1—3; HFAR (scde bar) = 20 cm; 4-5; %WR’ {scale bar) = 10 cm
TP 9401
. THE, AT (cervical vertebrae, right lateral view)
. BtERERE, EEAMN A ( thoracic vertebme, #ibs and reconstructed scapula, right lateral view)
. H—Fh AN (1 right b, lateral view)
. GRE VB AEIR (dght tbia, with reconstructed fibula), TP 9402: 4a. '"]ﬁ { anterior view), 4b prik - i: ]
(proximal view), 4c. TLURTH (distal view) .
5. FEBE = (right Mclll), TP 9403: 5a. T (dorsal view), 5b. 2 (volar view), 5c. FHE (proximal view),
5d. JEHHTE (distal view) '

W R

B R XXX

HWER (Paraceratherium lepidum ), HFIR (scale bar) = 10 em
1. V 3195.2, % HEH  (right humerus) : 1a. BT (anterior view), 1b. S} (lateral view), lc. JRTH (posterior view)
2. V 3196, -5 BB mis R RET S (distal end of left MtIV and Phl—111): 2a. Z-5 BB R4S T (dorsal view of
left MtIV), 2b. Z=5500 BEE Ty R (mesial view of left MUIV), 2¢. 2 PHI— I %7 (dorsal view of left PhI— I11)
3.V 3300, 4045 (FRk )¥FB (Phl -~ III of lareral digit), HHE (dorsal view)
ERB? (FER)(Paracratherium? sp. ), IR (scale bar) = 5 em
4. V3306, & (left) m2 ~m3: 4a. FEH (crown view), 4b. HE (buccal view), 4c. FH T (lingual view)

B iR XXX1 -

ERE (RE#) (Paraceratherium sp.), WHIR (scale bar) = 10 cm

1. V3322, TR (mandibles) : 1a. U (right lateral view), 1b. JEME (crown view) _

2. V3269, 228 BE (left MtID): 2a. FEHE (mesial view),2b. FGHHT {lateral view), 2c. IYHE {proximal view)
BIREHERRER ( Daungariotherium orgosense), WHIR (scale bar) = 10 cm
3. V3323, /£ F i, ZZMIT (left lateral view of mandible)

B R xxxi

HEEREBRER (Deungariotherium turfunense), IMM-1995-IMBLG-1, tc—d, 3b: HHIRX (scale bar) = 5 cm; HAt

(others) : HFIR (scale bar) = 10 em

1. B BRI F M (crushed skall, associated with mandible): 1a. AW (right lateral view), 1b. TEBEAH, M
(symphysis, lateral view), lc. M3 %@ (crown view), 1d. M3 HiHE {buccal view), le. THIty,EHE (lower cheek
teeth, crown view)

2. RSP FRE AR (29 T when excavated, T11 or T12): 2a. BT (antedor view), 2b. G (posterior view);
r. SAELEVEE (articular facet for caput of rib), m. L3 (metapophysis) '

3. BEAHYFESMMERE (30T when excavated, T137): 3a. BUE (anterior view), 3b. FEEERS, #IH (lower part of
T137, anterfior view) , 3c. ZEIBT (left lateral view), 3d. JGTH (posterior view) ; pr. RISV ( prezygapophysis) , m
&t H2FHPF (esin2)

B R XXX

neREERER (Dzungariotherium turfanense), IMM-1995-IMBLG-1, 3a: FEEFIR (scale bar) = 5 cm, H& (others):
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HAHIR (scale bar) = 10 cm

1.

KA TS MR IHE (4" T when excavated, T147): la. BT (anterior view), 1b. #ESF4 , BiflE (ower part
of T147, anterolateral view) , lc. F5MIHT (right lateral view), Id. KT8 (posterior view) s d. ¥ (depression), r. &
B B3k 5 BT (articular facet for caput of rib)

. BV TS KB (5™ T when excavated, T157) : 2a. il (anterior view) , 2b. ZEWHE (left lateral view), 2c,
JETE (posterior view); po. JEF I (postzygapophysis)
B UE A T AAUEEHE (6" T when excavated, T177): 3a. BEEER4 BT (lower part of T177, anterior view), 3b.

AT (rdghe lateral view), 3e. JSHT (posterior view); pr, r & d. JLET (vide supra)

. BRMERIE M (last thoracic, T187, and Lm1): da. B (anterior view) , 4b. Z2E (left lateral view)., 4c.

HHE (dorsal view); m. $L2E (metapophysis), tr. 8% (transverse process)

B R XXXIv

MEBREGRER (Deungariotherium turfanense), IMM-1995-IMBLG-1, R (scale bar) = 10 cm
1. B TIERE (Lm2): la. BYTE (anterior view), 1b. BT (posterior view), lc. HMHE (right lateral view)

. EB=EHE (Lm3): 2a. B (anterior view), 2b. JFHT (posterior view), 2c. HT (dorsal view); f. S5 PIEMESTY

B (facet articulating with Lmd)

. SEPOEEHE (Lmd): 3a. B (anterior view), 3b. JFT (posterior view), 3c. &l (dorsal view); sf. ML T E

{facet ariiculating with sacrum)

. 8 (pelvis): THE (dorsal view); ac. §8F7 (acetabulum), ct. fRE5TT (coxial tuberosity), gs_n’.I BT (greater

ischiatic notch) , ic. B (iliac crest), st. FRE5T (sacral tuber), ti. A EEEY (twber ischii)

. ZEWEE (left astragalus): 5a. AU (anterior view), Sb. JFH (posterior view), Sc. FC3RHE {disatal view)

B B XXXV

BIEEE (FZE/M) (Aralotherium sp. ), EMM 0016, E®R (scale bar) = 10 em

1.

TR (anterior part of lower jaw): la. EH (crown view), 1b. ZM I (left lateral view), lc. BT (anterior

view)

HEBHEEBIRE R ( Duungariotherium turfanense), 2 : IR (scale bar) = 3 e 3: LR (scale bar) = 10 em

2.
3.

V 3301, 5T (left astragalus) : 2a. HE (dorsal view), 2b. BETA (plantar view), 2c. MGG (distal view)
V 3304, 5 FHELEE &5, p3 ]ﬁ¥gﬁ§ m3 {nght ramus with posterior half of p3, p4 — m3): 3a. "M (crown
view), 3b. AME (right lateral view)

B R XXXVI

BIEER (CREF) (Ardotheriton sp.), 1-3: HHIR (salebar) = 5Sany 4-7: AR (scale bar) = 2 em

1.

EMM 0012, 7 FATH# M2 - M3 (right maxilla with M2 - M3): la. #{§ (buccal view), 1b. & (crown view), lc.
T (lingual view)
EMM 0013, (right) M2: 2a. %H (buccal view), 2b. M (crown view), 2c. & (lingual view)

. EMM 0038 ,45 (night) M3: 3a. JGH (posterior view), 3b. T (crown view)

EMM 0071, 22 p3 #M8¥ (buccal wall of left p3)

. EMM (077,45 (right) m2: Sa. 3 (buccal view), 5b. & (crown view)
. EMM 0087, 2 (lefe) ml or m2: 6a. & (lingual view), 6b. %H (crown view), 6c. HiME (buccal view),
. EMM 0076, % (left) m3: 7a. B (crown view), 7b. HI] (buccal view),

B xXxxvi

RE R (RE®) (Aralotherium sp. ), 5- 61 HFN (scale bar) = 5 em; Ak (others): FEHR (scale bar) = 10 em

1.

2.

EMM 0032, #EHRERT2E A (anterior half of axis): 1a. AUl (anterior view), 1b. B (dorsal view), lc. STl ( posterior
view), ld. B (ventral view)
EMM 0135, PR W 5S84 , % I8 ( posterior half of spinous process of axis, dorsal view)
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3. EMM 0136, E}ﬁ' g R RS (distal end of scapula and humeral caput, left side}; 3a. #MH (lateral view), 3b.
JE BB R (distal view of scapula), 3e. BE F3LJEH (humeral caput, posterior view)

4. EMM 0022 , G iEEEY (distal end of right humerus) « da. BUHD (anterior view) , 4b, i&?ﬁ'ﬁﬁ (distal view)

5. EMM 0145, ZE & (left magnum): 5a. SE (dorsal view), 5b. JEHHE (proximal view), Sc. ﬂﬁﬁﬁ (distal wew)
Sd SME (lateral view), Se. HE (medial view)

6 EMNI 0054, A B =2 FiFs , Bl (proximal end of left Melll, anterior view)

@ M XXXVII

BEBER (REM) (Aralotherium sp. ), 1: FIR (scale bar) = 5 cm; 2. AR (scale bar) = 10 em

1. EMM 0143, 72825 (left patella) : 12. BT (anterior view), 1b. JGiif (posterior view), le. #M (lateral v:ew)

2. EMM 0009,7%3'F (right tibia): 2a. 3E¥5H0 (proximal view), 2b. BiE {anterior view), 2c. F'Eﬁ ( medial view),

_ 2d. #ME (lateral view), 2e. FEHRT (distal view) |

EWESEER (BB .5 (Turpanotherium elegans gen. et sp. nov. ), 3;: HBER (scle bar) = 10 cm; 4: Wi R
(scale bar) = S cms 5—8: KR (scale bar) = 2 cm C

3. V3191.1, F4REM#E (antenor part of mandible) : 3a. ZEMiiT (left lateral view), 3b. Rl (crown v1ew)

V3191.2

Esﬁﬁ:%%‘ (left McV): 4a. EH (volar view), 4b. & H (dorsal view)

5. FIEIRMREE (proximal sesarmcid of middle finger): 5a. & (volar view), 5b. FH (dorsal v1ew)

6. B 5 P HGESHTE, #ME (lateral proximal sesamoid of 2™ finger, lateral view)

7. BT R SEEE, 4 (mesial proximal sesamoid of 4™ finger, lateral view)

8. SEME P i & (lateral proximal sesamoid of 4™ finger) : 8a. &bﬁ (lateral view), 8b. %Tm (dorsal view)

=

B B XXX

ERHEEER (B &R/ (Turpanotherium elegans gen. et sp. nov. ), ZeBiE (left carpals), vV 3191.2, EFR (scale

bar) = 5 em

1. BifrE, #i4hanid (scaphoid, dorsolateral process broken): la. P (medial view), 1b. #ME (lateral view), le. iF
Ui (proximal view), 1d. S5k (distal view); p. “MIILTE” (“hindering facet”), [1, 2. 58 & 377 MR o i i
{ proximal and distal facets articulating with lunar) , m. SEBXYWHE (articular facet for magnum), . SAEHAH
KEITH (articular facet for trapezoid) , tm. "SRERF W (articular facet for trapezium)

2. A'S (lunar); 2a. JESTE (proximal view), 2b. PITT (medial view), 2¢. #ME (lateral view), 2d. SR (distal
view); s. SEAFT I (artcular facet for scaphoid), ¢. S#E XTI (articular facet for cuneiform), m. 5
E&XY A E (articular facet for magnum), u. S EXH N (articular facet for unciform), p. “i IE&”
(“hindering facet™) ’

B K XL
- BB EER (FB . Hf) ( Turpanotherium elegans gen. et sp. nov. ), ZRE (left carpals) vV 3191.2, R (scale

bar) = 5 em

1. #F (cuneiform): la. 4G (proximal view), 1b. #Mf (lateral view), 1c. P (medlal view), 1d. FHE (distal
view): 1. SHEEETEE (artcular facet for radius), p. STEEXEHHE (aricular facet for pisiform), u. SR&
YR (articular facet for wina), 11, 2. S AE 2R FITSE (proximal and cfistal articular facets for lunar)

2. INEBAH (trapesoid): 2a. Wi (medial view), 2b, #ME (lateral view), 2c. I (prOx1mal view), 2d. FEIE W
(distal view)

3. B& (magnum): 3a. #E%5 (proximal view), 3b. M1 (lateral view); s. SBAE XTI (articular facet for
scaphoid), 1. 5 H & ETTEIT (arteular facet for lunar), u. SEERTHE (articular facet for unciform)

B M XL

ERHSEORE (;%?ﬁ ETRR) ( Turpanotherium elegans gen. et sp. nov. ), Z2Bi'E (left carpals), V 3f91.2, HH R (scale
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bar) = Sem
1. F (undform): la. FLE (proximal view), 1b. 2 (volar view), le. FLHHET {distal view); |. SR B XY RIE
{articular facet for lunar), ¢, SEEXTHE (arteular facet for cuneiform), m. SE B XTI (acticular facet for
magnum) , mclll— V. SE=FHEEXTHE (articalar facets with Mclll - V)
2_. PIS & (pisiform) : 2a. W (medial view), 2b. FI (dorsal view); u. SREXFHE (articular facet for ulna), ¢.
S#ECT I (articular facet for cuneiform)
. FE—h i (Phl of middle fifger): 3a. FTIRT {proximal view), 3b. EHGE (distal view), 3c. FFH (lateral view)
. EEIRT R (Phll of middle finger): 42. H¥HE (proximal view), 4b. FEFH (distal view)
. PEEEE, VT E (PhIIT of middie finger, proximal view)
DS SIS (Phl of 4* finger) : 6a. #T¥ T (proximal view), 6b. IR (distal view), 6c. TP (lateral
view); p. “BRET " (“pseudo-facet” ), g. WU (groove for tendo)
. BEVUSSEEE, YTEGE (PhIT of 4 finger, proximal view)
8. B BEE (Phill of 2™ finger): 8a. ¥R (proximal view), 8b. T (domal view); g. T (dorsal suleus), 1,
2. NEEMEYIL B (proximal and distal parts of medial angle}, 3. #MBEMAILSY (proximal part of lateral angle)

B R XL

FmMHEEER (FE FF) (Twpenotherium elegans gen. etsp. nov. ), 1: HHR (scale bar) = 10 em; 2-5; HFAR .
(scale bar) = 5 em
1. V3191.2, 12 (left manus), A (dorsal view) ‘
V3317, (rght) p3—p4: 2a. FH {crown view); 2b. BE (buccal view), 2e. FH (lingual view)
V 3320,4 (bght) m2: 3a. &HE (crown view), 3b. BE (buccal view), 3c. HHA (lingual view)
. V3321,7% (left) m3: 4a. W {crown view), 4b. B (buccal view), 4c. HTH (lingual view)
. V3319, % (left) P4: 5a. i (crown view), Sh. 3T (buccal view)

o oth B W

-~

“os e

B A XLHI

HEFRER (FREFR) ( Turpanotherium sp. ), 1, 3: HHIR (scale bar) = 5 cm, 2: HAFIR {scale bar) = 10 cm

1. Vv 3307,% (lefi) pd—m2;: a. H (crown view), 1b. B (buccal view), le. T (lingual view)
1 2. V3308, £FWEE (left MIV) : 22 W (dorsal view), 2b. #Hl (lateral view)
' 3. NMB 4343, (right) M3: 3a. B (crown view), 3b. SMGH (posterclateral view)
: EEWH (B.fFxE) (Paraceratheriinae gen. et sp. indet.), 4, 7: HAAR (scale bar) = 5 ey 5~ 62 HAIR (scale bar)

= 10} cm

4. V3313, F/MEAE (left trapezoid) : 4a. T3 H (proximal view), 4b. #ME {lateral view)
| 5. V3316, 75E =88 (nght Mdil): 5a. FHiH (proximal view), 5b. Bl (domsal view), Sc. BEE (plantar view)
' . 6. V3312, P EFE (PhIll of middle digit): 6a. & (dorsal view), 6b. Z BT (valar or plantar view), 6c. ¥
" ( proximal view)

7. V824,65 HE (right lunar): 7a. FEIHT (distal view), 7b. T (dorsal view), 7c. ¥ (proximal view)

B RE XLIV

HERER BN EER (mounted skeleton of Juzia sharamurenensis | partly reconstructed), V 2891, R (scale bar) =
100 cm

B M XLV

PRAREERESHAESRE, k2 (reconstructed life appearance of Juria sharamurenensis while browsing, drawn by
Shen Wenlong) , tiBIR (scale bar) =~ 100 cm

B XLVI

wRAECHEBRS ST AME S E, B B2 ( reconstructed life appearance of Juria sharamurenensis in standing pose,
sculptured by Zhao Zhongyi), IR (scale bar) == 100 an
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