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Abstract

The paleoenvironment of the middle Pliocene Udunga fauna has been estimated by
many workers to date based on the composition of the mammalian fauna. In this short
article we tried the paleoenvironmental analysis of the Udunga fauna using the mesowear
method to equiids (Hipparion) cheek teeth. The result indicate the openland environment
for the middle Pliocene Udunga. On the other hand, Postschizotherium of Udunga is
likely differs from P. chardini, discovered from the late Pliocene to the early Pleistocene
of Nihewan, Shanxi Province, China, suggesting the possibility of the new species for this

specimen.

Introduction

The paleoenvironment of the middle Pliocene Udunga fauna has been estimated by

many workers data (e.g. Devyatkin and Zazhigin, 1974; Zazhigin, 1989; Kalmykov, 1992;
Erbajeva et al., 2003; Vislobokova et al., 1995; Kalmykov et al., 2005). The conclusion

of these workers is that the paleoenvironment of the Udunga fauna is the mixture of the

openland elements and forest dwellers. Here we tried the paleoenvironmental anlalysis

of the fauna using the mesowear method, which was developed by Fortelius and his

colleagues (e.g. Fortelius and Solounias, 2000). The specimens used in this study are of

the cheek teeth of two large size ungulates, Hipparion sp. (Equiidae, Perissodactyla) and

Postschzotherium cf. chardini (Pliohyrachidae, Hyracoidea) discovered from Udunga.

There are three types of Hipparion recognized in the Udunga fauna, such as H.

houfenense, H. cf. houfenense, and H. tchicoicum, but H. cf. houfenense, is not established

well but may be a intraspecific variation of H. houfenense.
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On the other hand, Postschizotherium was originally included in the Chalicotheriidae

(Perissodactyla) based on the first specimen discovered from the early Pleisocene Nihowan
site, northern China (Teilhard de Chardin and Piveteau, 1930; Koenigswald; 1932). Later
Teilhard de Chardin (1939) moved this animal to Hyracoidea, and now most workers
support his classification (e.g. Rasmussen, 1989; McKenna and Bell, 1997). In this paper,

we adopt this classification.

Mesowear of Hipparion cheek teeth

The dental specimens used in this analysis is listed in Table 1 and 2. Most of the
specimens are isolated premolars or molars but right mandible with P-M: and left with
P.-M: (Figure 3 and 4). The series of the isolated upper teeth probably belong to the same
individual (Figure 2).

The tooth mesowear method to equids is a new approach of reconstructing ungulate
diets and its paleoenvironments (Fortelius and Solounias, 2000, and so on). We analyzed
mesowear of Hipparion upper and lower cheek teeth (P4-M3) from the middle Pliocene
Udunga Fauna, Transbaikalia, Russia. One taxon of fossil Primates, Parapresbytis
eohanuman, was found from the middle Pliocene sediments of Udunga (Kalmykov and
Maschenko, 1992, 1995) We analyzed the paleoenvironments of the Udunga Fauna by
using the mesowear method to Hipparion cheek teeth. The occlusal relief of teeth is scored
"high: or "low", the cusp shape is classified as "sharp", "round" and "blunt".

In the occlusal relief of Hipparion teeth, 57% of lower cheek teeth from Udunga
were scored "high", 43% lower cheek teeth were scored "low". In the cusp shape, 70%
of the lower cheek teeth from the Udunga Formation were classified as "round". 30% of
lower cheek teeth were classified as "blunt". However, the occlusal relief and cusp shape
of Hipparion teeth according to the difference between double knot type 2 and 4 of lower
cheek teeth were divided into two types. 85% of type 2 lower cheek teeth were scored
"high" and 88% type 4 lower cheek teeth were scored "low". 100% of type 2 lower cheek
teeth were classified as "round” and 75% type 4 lower cheek teeth were classified as
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Table 1. Mesowear classification Table 2. Mesowear classification of Hipparion lower teeth from
of Hipparion upper tooth fossil Udunga. R, right; L, left; PT, part; H/L, high/low; A, anterior; P,
from Udunga. R/L, right/left; PT, posterior; S, sharp; R, round; B, blunt; DK, double knot. There are
part; H/L, high/low; A, anterior; at least 7 individuals of Hipparion.
P, posterior; S, sharp; R, round; B,
blunt. Udg- side PT HL A P DK Udg- side PT H/L A P DK
667 R P, H B R 2 66-A L M, H R R 2
Udg No. R/L PT H/L A P Remarks 000-F L P, L B B 2 1269 L DPy,, H S R 27
661A/B R M L B B 682-C L P, H R R 2 681-E L P, L B B 24
665 L M2 H S S 667 R P, H B R 2 681 R P, L B R 4
664 L pw H s R 666-E L P, L B B 2 68l R P, L R R 4
662 R DP* H R R 671 L P, H B R 2 668 L P L B B 4
663 L M/P - - - unwom 082B L P, H R R 2 61D L P, L B B 4
673 L P, H R R 2 670 R DP, H R R 4
682-A L P, H R R 2 676 R DP, H R R 4
667 R P, H R R 2 679 L P, L B B 4
666-D L P, L R R 2 61-H R M, L B B 4
667 R M, H R R 2 677 L M, L B B 4
126C L M, H R B 2 675 L My, H R R 4
666-C L M, L R R 2 66 L M, L B B 4
672 L M, H R R 2 681G R M, L B B 4
680 L M, H s R? 2 61F R M, L B R 4
1296B L M, H R R 2 678 L M, L B B 4
666-B L M, H R R 2 674 R DPy, - - - -
1206A L M, H R R 2

Individual No.1 includes Udg-682 (A, B, C) and 1296 (A, B, C)

Individual No.2 includes Udg-671, 672, 673, and 680

Individual No.3 includes Udg-681(D, E, F, G, H, I, and J)

Individual No.4 includes Udg-668, 669, 677, 678, and 679.

Individual No.5 includes Udg-667

Individual No.6 includes Udg-666 (A, B, C, D, E, and F)
"blunt”. Mesowear score (Croft & Weinstein 2008) of double knot type 2 of lower tooth
(p4-m3) is 1.18, and type 4 of lower tooth (p4-m3) is 2.75. This result indicates that the

paleoenvironments of the Udunga fana may be openland environments (Hasumi 2009 MS).

Hyracoidea teeth
Order Hyracoidea
Family Pliohyracidae
Subfamily Pliohyracinae
Genus Postschizotherium
Postschizotherium sp.

Materials: left and right 1st incisor, 4th premolar to 2nd molar, and worn out right 4th
milk molar.

Description: Cheek teeth are high crowned tooth. Ectoloph of cheek teeth curved
buccally. Molar teeth have isolated protocone.

Remarks: Originally, genus Postschizotherium was named as the member of the
family Chalicotheriidae by von Koenigswald (1932) without any detailed description. P.
chardini, the type species of the genus, was discovered from the early Pleistocene Nihowan
sediments. The first description of this material was made by Teilhard de Chardin and
Piveteau (1930), and Teilhard de Chardin (1939) indicated the possibility that this material

belongs to the Hyracoidea by suggestion from G.G. Simpson. Postschizotherium is now
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Figure 3. Lower dentition of Hipparion. Scale bar,
1 cm. 987/50.

Figure 2. Upper dentition of Hipparion.
Scale bar, 1 cm.

Figure 4. Lower dentition
of Hipparion. Scale bar,
1 cm.

claasified in the subfamily Pliohyracinae, family Pliohyracidae, order Hyracoidea by most
workers (Rasmussen, 1989; McKenna and Bell, 1997).

To date four species have been erected for Postschizotherium, such as P. licenti, P.
intermedium, P. chardini, and P. tibetense. P. licenti and P. intermedium were established
by Koenigswald (1966), but the former is now regarded conspecific with P. chardini (Qiu
et al., 2002). P. intermedium is smaller with lower crowned cheek teeth than P. chardini.
P. tibetense was errected by Zong (1996) based on the maxilla preserving the upper cheek
teeth discovered from the early Pleistocene sediments of Dege, higher terrace of the Jinsha
River, Yunnan Province, China (Zong, 1996). Qiu et al. (2002) regard P. tibetense as a
primitive species of Postschizotherium. Furthermore, P. tibetense was revised genus name
to Hengduanshanhyrax by Chen (2003) on the smaller size and some characters of teeth.

Postschizotherium differs from Pliohyrax from China (Tung and Huang, 1974)
and Europe, on the character of hypsodont cheek teeth with cement and strongly reduced

premolars relative to molars (Qui et al., 2002). Udunga hyracoids cheek teeth have same
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Udg- side part H L W remarks
Table 3. Dental measurements (mm) of 191-H R P 12.9 145 12.1
Postschizotherium cf. chardini, Hyracoidea, ~ 191G L P* 10 la7 126
fossil from Udunga. R,right; L, left; H, 191-F R P* 202 173 155
height; L, length; W, width. 91-E L P? 21 169 15

191-H R P 13.8 - - unworn, protocone fragment

191-L R Dp* 43 16.2 16.3  worn out

191-C L P! 27.8 24.8 24.5 unworn

191-] R I' 12.6 52.3 12.1  tip lacking

1911 L I 1.3 59.3 11.6

191-K R M' 2171+ 2296+ 2327+

191-D L M 30.5 17.1 17.6

191-B R Mm? 449 29.3 23.6

191-A L M* 3694+ 30.8 24.8

Figure 5. Upper dentition of Postschizotherium cf. chardini (Udg-0191). Isolated left I' and P2-M? and right
P23, dP4 and M!-2. Scale bar, 1 cm.

characters of Postschizotherium. Compared with the type specimen of P. chardini, in
P* (Udg-191-C, H) and M' (Udg-191-D, K) of the Udunga specimen the parastyle and
mesostyle protrude more buccally, forming the "wing"(Figure 5). The occlusal outline of
P’ or P’ also seems different between P. chardini and the Udunga specimen. The Udunga

Postschizotherium may be different species of the genus.

Acknowledgements
We are deeply grateful to Dr. N.P. Kalmykov and Dr. E.N. Maschenko for providing us
with useful fossil specimens of the Udunga fauna and suggesting pertinent literature. This
research was supported by JSPS (Japan Society for the Promotion of Science) and RFBR
(Russian Foundation for Basic Research) under the Japan-Russia Research Cooperative
Project (to M.T., Grant 840064200002 and to E.N.M. Grant 060491469).

References
Chen, G.-F. (2003). A new genus of Pliohyracinae (Hyracoidea, Mammalia) from the Late Pliocene of
Dege, Sichuan, China. Vertebrata PalAsiatica, 41(3): 240-248. (in Chinese with English abstract)
Croft, D.A. and D. Weinstein (2008) The first application of the mesowear method to endemic South
American ungulates (Notoungulata). Palaeogeography, Palaeoclimatology, Plalaeoecology, 269:
103-114.

103



Nakaya et al.

Devyatkin E.V. and Zazhigin V.S. (1974) Eopleistocene deposits and new mammalian find-localities of
Northern Mongolia. Trudy Sovmestnoj Sovetsko-Mongol’skoj Paleontologicekoj Ekspedicii, 1: 357—
363, 369 (in Russian with English summary).

Erbajeva M., Alexeeva N., and Khenzykhenova F. (2003) Pliocene small mammals from the Udunga site
of the Transbaikal area. Coloquios de Paleontologia, 1: 133—145.

Fortelius, M. and Solounias, N. (2000) Functional characterization of ungulate molars using the abrasion-
attrition wear gradient: a new method for reconstructing paleodiets. American Museum Novitates,
3301:1-36.

Hasumi, E. (2009 MS) Mesowear analysis for Late Miocene Hipparion from Maragheh, Iran. Master
thesis for Graduate School of Science and Engineering, Kagoshima University; 30pp.

Kalmykov, N.P. (1992) Biostratigraphy and Fauna of the Transbaikalian Pliocene Mammals. Nauka
Press, Novosibirsk. pp.1-97 (in Russian).

Kalmykov, N.P. and Maschenko, E.N. (1992) The northernmost early Pliocene Cercopithecidae from
Asia. Paleontological Journal 26: 178-181.

Kalmykov, N.P. and Maschenko, E.N. (1995) New cercopithecid genus (Cercopithecidae, Primates) from
Pliocene of Transbaikalian. Voprosy Antropologii 82: 106-121 (in Russian).

Kalmykov N.P., Maschenko E.N., Takai M., Taru H., Hasegava Y., Koizumi A., and Iwamoto M. (2005)
Zoogeography of colobine monkeys (Mammalia, Colobinae) and Pliocene mammalian fauna of
central Aia. Proceedings of the third International Conference, Evolution of Life on Earth 290-292 (in
Russian).

von Koenigswald, G. (1932) Metaschizotherium fraasi, n. gen. n. sp., ein neuer Chalicotheriide aus dem
Obermiocan von Steinheim. Palaeontographica, Suppl., 8: 1-23.

von Koenigswald, G. (1966) Fossil hyracoidea from China. Proceedings K Ned Akad WEt, Ser B 69(3):
345-356.

McKenna, M.C. and Bell, S.K. (1997) Classification of Mammals. Columbia University Press, New York,
pp-631.

Qiu, Z., Wei, Q., Pei, S., and Chen, Z. (2002) Preliminary report on Postschizotherium (Mammalia:
Hyracoidea) material from Tianzhen, Shanxi, China. Vertebrata PalAsiatica, 40(2): 146-160. (in
Chinese with English abstract)

Rasmussen, T. (1989) The evolution of the Hyracoidea: A review of the fossil evidence. p.57-78. In
"The Evolution of Perissodactyls." Prothero, D.R. and Schoch, R.M. (eds.). Oxford University Press:
Oxford.

Teilhard de Chardin, P. & J. Piveteau (1930) Les Mammiferes fossils de Nihowan (Chine). Annales de
Paleontologie, 19; 1-134.

Teilhard de Chardin, P. & E. Licent (1936) New remains of Postschizotherium from S. E. Shansi. Bull.
Geol. Soc. China, 15: 421-4217.

Teilhard de Chardin, P. (1939) New observations on the genus Postschizotherium von Koenigswald. Bull.
Geol. Soc. China, 19: 257-267.

Tung A. K. and Huang, W. B. (1974) A new Pliohyrax from Shansi. Vertebrata PalAsiatica, 12(3):
212-216. (in Chinese with English abstract)

Zazhigin V.S. (1989) The type sections of the Upper Pliocene and their biostratigraphical characteristics
(based on mammals). Trudy Sovmestnoj Sovetsko-Mongol'skoj Naucno-Issledovatel’skoj Geologicekoj
Ekspedicii, 47: 10-24 (in Russian).

Zong, G. (1996) Hyracoidea Huxley. p.61-62. In "Cenozoic Mammals and Environment of Hengduan
Mountains Region" Zong, G., Chen, W., and Huang X. (eds.) China Ocean Press: Beijing.

104



