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FHg. 1 Golumn sections o the Cerpaic drata in the Qaidam Basn

1
Hipparion cf. H. chiai Liu et al., 1978
( 21,315 13
V 14011, P3 ( 2.1), , 48 mm, aD0219;
V 14012.1, Mc lll ( 3.1) V14012.2, Mc llI ( 3.2,
Mc I, CD0219;V 14013, ( 3.3, CD0112;V 14014. 1,
( 3.5, , CD0219;V 14014.2, , CD0219;V 14015.1,
, , CD0225;V 14015. 2, ( 3.9, CD0113
, (CD0219

0225, ), (cpo112, ;CDO113, ), 46 km
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Fg. 2 Upper cheek teeth of Hipparion . H. chiai and H. wehoense from the Qaidam Badn
1. H. &. H. chiai, V 14011, rigt P3; 2 5. H. wehoense, 2. V 14040, I€t P4,
3.V 14016.2, right P4, 4. V 14016.3, rigt M1,5. V 14016.1, right DP4;

a. occlus view, b. labid view; scde bar = 3cm
1
Table 1l Measurements o the upper cheek teeth of H. cf. H. chia and H. weihoense
from the Qaidam Basin (mm)
Fedies H. d. H. chia H. weihoerse
No. V 14011 V 14016. 1 V 14016.2 V 14040 V 14016.3 V 14016.4
Tegth P3 DP4 P4 P4 M1 M1
Lengh 25.7 29.7 26 28.4 27 23.8
Breacth 18.4 25.1 22
Protocone length 6.5 6 7 7.7 7.2 7.2
Protocone i ndex 25.3 20.2 26.9 27.1 26.7 30.3
) P3 (V 14011)

H. chiai ( ,1978) , : , ; ;

V 14011 , (1987) H. chiai
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, , (1978) H. chia “
) ? , ( ,1978 28, 1A)
( . 2 V 14011 1 , (1978)
H. chiai H. chiai ,
(1978, 28, 2) P2 P3
, (1987) H. chiai (1979)
V 14011 (6.5 mm) ,
25.3, H. chiai P3 31.8 40.7 ( ,1978)
, V 14011 H. d. H. chia
* --//18
!
3
Fg. 3 Limb bonesd Hipparion from the Qaidam Basn
1 5 H. d. H. chiai,1. V14012.1, It Mc Il proximd , a. proxima view ,
b. dorl view; 2. V 14012.2, It Mc Il digd , dord view; 3. V 14013,
right fore 2nd Ph II1, dora view; 4. V 14015.2, right agragdus,

anterior view; 5. V 14014.1 , |eft cacaneus, anterior view; 6 9. H. wehoense,

6. V 14019, |eft agragaus, anterior view; 7. V 14020.1, right Mt IlI,
a. dord view, b. laerd view, c. proximd view; 8. V 14020.2,

rignt Mt 111 digd , dorl view; 9. V 14018, right fore 3rd Ph 111,

top view; 10. H. telhardi , V 14025, right hind 2nd Ph III,

dorsa view; sde bar = 5¢cm
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2 i
Table2 Measurements o the metapodials and phalanges o Hipparion
from the Qaidam Basin (mm)
Bones Mc Il Digd Mc 11l Mt 11 Digd Mt IIl  2nd Ph 1l 2nd Ph 1l 2nd Pn 1l 3rd Ph 111
No. V 14012 V 14017  V 14020.1 V 14020.2  V 14013 V 14025 V 14285 V 14018
1 37.5 39 39 58
2 28 30 30 73
3 27 28.5 29 29 40
4 26 35.4 K% 35.3 56.6
5 35 41 23 22.4 25 21
6 24.5 33.5 33 31.4 31.1 38.5
7 29 37 170
8 12 8
8 4.5
9 0 4
10 34 38 39
11 31.5 37.5
12 25 27 32.5
13 20.5 24.5 26
14 22 25.5 29.3
B senmann (1986) Measures acoording to E senmann (1986) .
3
Table 3 Measurements of the tarsals o Hipparion from the Qaidam Basin (mm)
Bones Cdcaneus Cdcaneus Adragdus Adragdus Adragd us
No. V 14014.1 V 14014.2 V 14015.1 V 14015. 2 V 14019
1 102 57 58.5 61.5
2 67.4 57 55.3 58
3 43.5 58.2 55.6 57.1
4 18.2 19.8 25.4 28.2 31
5 30.5 39 4.2 4.7
6 47.5 30.4 31 34.3
7 43.5 48 2.4 45 48
B senmann (1986) Measures acoording to E senmann (1986) .
: ( ,1987)
, , 3
, H. we hoense :H. chiai ,
, ( ,1978)  H. tdlhardi 1 Mt ( ,1987)
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Mc 111 (V 14012) H. . H. chiai P3 (V 14011) H. chiai
Mc 1l (V 3116.9) , V 14012 VvV 3116.9
35.6 nm, 30 mm, ( 2) Bohlin (1937 texfigs. 176, 182)
Mc Il (Nr. 493) , 37 mm,
34 mm, V 14012 , )
(V 14013) , H. chiai ,
. ( ,1978) Vv 14013 H. primigenium
(Berror et d. , 1997 tab. 6.17) , H. houfenense (
1987, 16) Vv 14013 ,  H. primigenium
, H. houfenense ( ,1987, 16)
(Bohlin, 1937, textfigs. 200 204)
(V 14014.1 V 14014.2) H. . H. chia ,
, H. d. H. chia H. primigenium
(Berror et d. , 1997, tab. 7.6) , Qonova (1952)
10 , (1987) :
(V 14015.1) H. weihoense , V 14015.2 VvV 14015.1
, H. wehoense ,
H. d. H. chiai (V 14014.1 V 14014.2) , H.
d. H. chiai H. wehoense , H. d. H. chia
H. weihoense , H. primigenium (Berror e d. , 1997 ,
tab. 7.5) , H. houfenense ( 1087, 13) Bohlin (1937 textfigs. 188
191) JNr. 467 , Nr. 500 Nr. 467 V 14015.1
V 14015. 2 , Nr. 500 , V 14015.1 10 mm,
,  H. primigenium 11.9 mm
(Berror et d. , 1997, tab. 7.5) , Nr. 500 H. d. H. chia

Hipparion weihoense Liu et al. , 1978
( 22 536 9; 1 3

V 14016.1, DP4 ( 2.5), , D0226;V 14016.2, P4,
( 2.3, CD0225;V 14040, P4 ( 2.2), , CD0109;V 14016. 3,
M1( 2.4, , 61 mm, D0225;V 14016.4, M1,
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) , CD0206;V 14017, Mc Il

CD0215;V 14018, ( 3.9, , CD0225;V 14019, (
3.6) , , CD0205;V 14020.1, Mt I, ( 3.7, CD0219;V 14020. 2,
Mt 111 ( 3.8, CD0118;V 14285, , , CD0109
) (CD0215,
; CD0219 0225, ; CD0226 ), (CD0109, ;
cD0118, ;CD0205 , ; CD0206 , ), 46 km
H. wehoense H. chiai , ,
“o , (1978) ,
(1987) , H. weihoense H. chiai
5 H. wehoense ,
H. chiai H. weihoense ,
V 14016.3 )
,Bohlin
(Bohlin, 1937, texifig. 166)
SHve (1927 fig. 13) H. richthdeni M2
) , H. we hoense
Bohlin , 3 SHve
(1927)  H. richthdfeni Zhegdlo (1971) H. forstenae, H. tdlhardi
) ( ,1987) Bohlin ,
Mc I (V 14017) H. chiai ( ,1978) ,  H. primigenium
(Berror et d. , 1997, tab. 6.13) , H. weihoense
(V 14018) H. weihoense H. chiai “
"n, 37 mm, 36nmm, , :
( 2 1) ( 2 2) , ( 2
5) ; ( 2 4) , ( 2
6) H. chiai V 14018  H. primigenium
) , VvV 14018
H. primigenium ,
H. weihoense Bohlin (1937, textfigs. 205 ,206)
(Nr. 532) , V 14018 , H. . H. chiai
Mt 111 (V 14020.1) H. d. H. chia P3 (V 14011)
H. chiai Mt 111 (V 3116.9) , ,
32 mm, 21.5 mm, 23.2 mm,V 14020.1 (

2) H. . H. chiai H. wehoense
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, , Mt 111 H. wehoense Mt Il
(V 14020.2) ( 2 H. chia Mt Il (
37.5 Mm% 27 mm) , V 14020. 2 H. wehoense Mt
" (V 14020.1 V 14020.2) H. telhardi Mt Il (V 8241; ,1987 ,
XL, 4)
(V 14019) V 14015.1 V 14015.2, ,
9.5 mm, ; , , JE
4 : : ;
V 14019 H. wehoense V 14019 H. primigenium
(Berror et d. , 1997, tab. 7.5) , H. houfenense ( ,1087) , V 14019
H. primigenium , H. houfenense (V 14285)
H. wehoense P4 (V 14040) , H. chiai (
,1978) H. wehoerse Bohlin (1937, textfig. 202)
V 14285 , H. we hoense
Hipparion teilhardi Qiu et al. , 1987
( 3.104; 24
V 14021, ( 4.6), p4 mL m2
m3, CD9807;V 14041 , ( 4.1), p3 ,
, 'V 14042 , ( 4.5), p4
mil, CD0114;V 14022.1, p2( 4.4, CD0120;V 14022.2, ml ( 4.3),
, CD0120;V 14022.3, mi ( 4.2), ,
CD0120;V 14023, , CD0120;V 14024 , , CD0217;
V 14025, ( 3.10), CD0120
(CD9807, ), 25 km (CD0217, ),
(Coo114, ;CD0120, ), 46 km ,
4
Table 4 Measurements o the lower cheek teeth o H. teilhardi
from the Qaidam Basin (mm)
Teeth p2 p3 p4 ml m2 m3
No. V 14022, 1V 14041 V 14042| V 14022.2 V 14022.3 V 14021 V 14042 V 14041| V 14021 V 14041 |V 14041
Length 30.4 28.6 25.4 25.5 23.2 25.4 %5 255 21.3 21 30
Breacth 13.4 15 14 14.4 13 1.8 13.6 14.4 1.6 13.7 1.4
PosflexidL. 13 14.7 12.7 13 12 10 1 1.5 9.5 9.8 1
Posflexid 1. 42.8 5.4 5 51 51.7 39.4 4 451 4.8 36.3 36.7
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4
FHg. 4 Lower cheek teeth of Hipparion teilhardi from the Qaidam Basn
1.V 14041, rightp3andmli m3, occud view; 2. V 14022.3, Idtmi;
3.V 14022.2, |dtml; 4. V14022.1, |dtp2;5. V 14042, rigtpd ml,
ocdud view; 6. V 14021, rigntml m2, ocdus view
a occlusa view; b. labid view; sde bar = 3cm
(1987) Teilhard de Chardin  Licent
H. telhardi , ;
: : ; Vo
H. telbardi , m3
) .V 8236 m3
,1087 , XL ,2, 55)
, (V 14023) H. telhardi 3
, V 14023 61 mm, 42 mm

H. chia , 52 mm, 37 mm, V 14023 H. pri-
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mi geni um 71.1 mm, 45 mm (Berror et a. , 1997, tab.
7.4) , V 14023, Mt 111 ,H. telhardi H. primigenium ,
, H. houenense Mt Il
H. primigenium , ( 1987, 12 .,14) Bohlin (1937)
(Nr. 453) , 63 mm, 42 mm, V 14023 ,
H. teilhardi (V 14024) 11mm, 39.6mm, 32.2mm,
H. primigenium (Bermor et d. , 1997 , tab. 7.9) ,
(V 14025) H. telhardi 3 (V 14023) ,
V 14025 H. we hoense (V 14285)
, V 14025 V 14285 H. chiai
( ,1978) | H. primigenium (Berror et d. , 1997, tab. 7.15)
, , H. primigenium
, H. primigenium
2
Bohlin (1937)
1960
“ " Bohlin
“ ” 5 (m m
Bohlin
(Bohlin  “ Noringen Gl”) 1931 10

(Bohlin, 1960 fig. 12) ,

Bohlin (1937) 316 357 Bohlin
(Nr. 352) Bohlin , 1932 5 ,
316 357 10 km ,
Bohlin 165 1932 ,
5000 m Bohlin ,
Bohlin 2000 m
3 , H. d. H. chia H. wahoense H. teilhardi
H. chiai H. wehoense ( : ,1978;
Zhang et d. , 2002) ( : , 2004 ; Deng
et a.,2004) H. chiai ( ,1987)

( :Xue e d. , 1995) (1987) H. chiai H. we-
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hoense

, , H. primigenium
Hipparion ( Hippotherium) ,
H. primigenium Valedan H. chia
, , , H.
tehonense (MacFadden , 1984 , fig. 38) ,H. chiai, H. wehoense
(1984) Vdlesan
(1990) (1995)
Dinocrocuta gigantea Acerorhinus hezhengensis  Chilotherium wimani  Hezhengia bohlini Mio-
tragocerus 9. ( ,1987 ,2000; ,2000,2001) ,
Valedan (Qued. , 1999; ,2004:Deng et d. , 2004) Xuee d.
(1995) Turolian , ;
, (Quetd. , 1999; ,2000 ,2001) ,
H. chia  H. wehoense , Vdlensan
(1990) Qiuetd. (1999) Bohlin (1937) “ ”
) , MN9
( ) : :
Bohlin
Bohlin 2000 m ,
(Wang et a. , 2000;Wang and Wang ,2001) , Hispanotherium matritense
Acerorhinus tsai damensis ( ,2004) ,
Vdledan H. d. H. chiai H. we hoense
( ) JH. d. H. chia H. wehoense
D0219 A. tsaidamensis , H. d. H. chia H. weihoense
H. telhardi , Teilhard de Chardin  Li-
cent , (Teilhard and Licent , 1924) ,
(2987) , H. teilhardi ,
Neohipparion &fine, ( ,1987) H. telhardi
H. &. H. chiai H. wehoense ( )
H. telhardi )
, H. teilhardi
A. tsaidamensis,
, ) , ( ,2004)

, H. chiai H. wehoense
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Pal aectragus , , ( ,1978)
,H. d. H. chiai H. weihoense
Dicerorhinus ringstromi (Qu&in,
1980) , (Ringgrom , 1924) H. telhardi
) , D. ringstromi
Will Downs
Will Downs

LATE MIOCENE HIPPARION ( EQUIDAE, MAMMAL IA) OF
EASTERN QAIDAM BASIN IN QINGHAI, CHINA

DENG Tao' WANG Xiao-Ming'' 2
(1 Indtitute o Vertebrate Paleontdogy and Paleoanthropdogy, Chinese Academy d Sdences Beijing 100044)
(2 Natural History Museum d Lcs Angdles County Los Angeles, Cdifornia 90007 , USA)

Key words Qaidam Basn, Neogene, Hipparion, dratigraphic correlation
Summary

Fossl mammal s collected from the northeastern Qaidam Basn by Swedi sh vertebrate paeontolo

g < Birger Bohlin represent the firg scientifically documented Hipparion (three-toed horse) faunain
the Tibetan Rateau. Fosdl mamma sfrom Qaidam represent a nodest diverdty of 22 taxa, but Hip-
parion materias are rather fragmentary , congging o three denta fragments dong with afew ilated
podcranid dements. Degite such meager materials, the upper tooth fragments preserve typica
Hipparion dructures, such as an iolaed protocone, and the presence of this inportant Late
Miocene horse has not been in doubt snce Bohlin’s (1937) description of the* Qaidam Fauna.”
Mixed with the Hipparion horses, however , are d Midde Miocene taxa, such as basa deer
Lagomeryx and Stephanocemas. Problems therefore arise in attenpting to assign an age for the faur
na. Bohlin’s (1937) origind descriptions of the Qaidam mammals did ot place them in a grati-
grgphic context , until more than 20 years later when he (Bohlin, 1960) published a brief descrip-
tion of the Qaidam geology. Urfortunately , mog recent authors were unaware of this latter geologic
summary , and as a result , dl taxa were tacitly assumed to belong to a snge fauna in treating the
chrorology of the Qaidam mammas (Qiu and Qiu, 1990, 1995; Qiu et a. , 1999) . By such an as-
sunyption, it islogcd to regard the' Qaidam Fauna” as belonging to the earlies Late Miocene be-
cause of its possesson of typicd Late Miocene three-toed horse dong with primitive deer that must
have been Middle Miocene* |etovers.”

In recent years, we have begun to sysdematicaly revigt the Qaidam mammal locdities and to
place neMy collected meterials in a nodern gratigrgphic context. It quickly becomes obvious that a
subgtantid part of Bohlin' s Qaidam Fauna” mug have been collected from a long section of 2 000 m
(total thickness >5 000 m at some loca sections) that surdly gpans a condderable duration of time
(Wang et d. , 2000; Wang and Wang, 2001) . More dgnificantly , we have collected much better
Hipparion materias in severa locdlities. We are thus in a postion to tease out certain conmponents
o the® Qaidam Fauna” on the bads of the norphologica atributes of the Hipparion. Our findings
ocorfirmthe exigence of an early Late Miocene fauna in Qaidam, which was mixed with Middle
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Miocene faunas in previous gsudies without dratigrgohic reference. Nemy disoovered Hipparion
tends to bear primitive norphologesof the genus, sgnaling its close dfinities to the North American
ancegors. Such primitive norphologies are often asociated with early Late Miocene drata equivaent
to the European Valedan age. Midde Miocene dements, such as Lagomeryx and Stephanocemas ,
are ot asociated with Hipparion.

1 Sydemdtic paeontology
Hipparion cf. H. chiai Liu et al., 1978

Hipparion fossls from Qadam are nogly iolated teeth , which cause some difficulties in conr
parions. Certain characteri gics preserved in the materids, however , provide important cluesin the
identification. The snge P3 (V 14011) is goparently close to the type materidsof H. chiai from
Lantian, Shaanxi (Liu et d. , 1978) . They share common features such as an dongate , diagonaly
oriented protocone that bulges in the middle. The protocone will not snk into the* bay” even dter
extendvewear. The pli hypogyle extends outwards. No pli is present in front of the protooone.
Hypooonal grooves are well-developed , and enamd plications are grong but few in numbers. The
protocone of V 14011 is rounded anteriorly and pointed pogeriorly, in contrag to Qiu et d.” s
(1987) characterization of H. chiai that has pointed protocones, particularly on the anterior end.
However , Liu et d.’ s (1978) descriptions indicated that* protocones of al cheek teeth have flat-
tened , ova outlines with incongpicuous anges on either ends.” Actudly , both stuations exid | i.
e. , pointed protocones on either ends (Liu et d. , 1978, pl. 28, fig. 1A) or rounded anteriorly
and pointed pogeriorly (Liu et d. , 1978, pl. 28, fig. 2). V 14011 hasonly one pli cabaline,
whereasLiu et d. (1978) suggesed that H. chiai often hastwo. However , a snge pli condition
in the prenplarsof H. chiai is not uncommon, such asonthe P2 inLiu et d. (1978, pl. 28,
fig. 2). The P3from Qaidam has a hypooone that is nore srongy reduced than those from Lantian.
On the other hand , a smilar reduction is d seen in the horses from Chengcun (Qin’ an, Gansu)
described by Qiu (1979) and subsequently referred to H. chiai by Qiu et d. (1987) . The proto-
oone inV 14011 is ssmewhat short (6.5 mm) |, with a protocone index of 25. 3, while the protocone
indexof H. chiai fomLantianis31.8 40.7 (Liuet d. , 1978) . On the bassdf the above-men-
tioned dmilarities and differences, V 14011 isrderred to H. . H. chiai.

Podcranid meterids from Qaidam are ilated and fragmentary. For Hipparion, podcranias
are usudly difficult to identify to ecies (Qiu et d. , 1987) . There are rno articulated skeleton or
oconplete feet in the Qaidam horses, making the identification even nore difficult. Previoudy, H.
wei hoense had no limb bones, whereas H. chiai had some fragmentary limbs but no diagnogtic
characters were given except ome measurements (Liu et d. , 1978) . H. telhardi had a Snge Mt
1l (Qu et d., 1987). We can only make ome preliminary judgments based on asddiations of
denta remains.

The Mc 111 (V 14012) isfrom the same locdity as the right P3 (V 14011) . Materids from
Lantian d incdude a Mc 11l (V 3116.9). Anpng conparable measurements, V 3116. 9 has a
width of 35.6 mm proximally and 30. 0 mm digaly , dimensgons that are Smilar to V 14012 (Table
2) . Bohlin (1937, textfigs. 176, 182) a0 described aMc 111 (Bohlin' sNr. 493) from Qaidam,
with awidth of 37 mm proximally and 34 mm digally-very close to those of V 14012. The norpho-
logy of the proximd articulation surface is a0 very amilar , indicating congpecific gatus. The iderr
tity of the 2nd Ph 111 (V 14013) is not based on reliable nomphologica grounds. It is probably larg:
er than that from Lantian; the latter is measured but the authors did not diginguish if it belongs to
front or hind limbs (Liu et d. , 1978) . V 14013 isobvioudy srdler than that of H. primigenium
(Berror et d. , 1997, table 6. 17) , and is much smaller than that of H. houfenense (Qiu et d.
1987 , table 16) . In termsof proportions, the proximal width of V 14013 is less than the maximum
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length of this bone, in contrag to that in H. primigenium that isjug the opposte. These propor-
tions obvioudy belong to different types of feet. The former is probably adgpted to nore open envi-
ronments, such as is the case for H. houfenense (Qiu et a. , 1987, table 16) . The 2nd Ph Il
from Baode , Shanxi Province a0 comnonly has the proportion of length greater than itswidth, as
conpared to the inverse reaionships in ecimens from Henan and southeagern Shanxi (Bohlin,
1937, textfigs. 200 204) .

Two calcanea (V 14014. 1 and 14014. 2) ad co-occur with the P3 of H. o. H. chiai.
Their dimengons are not very big, thus probably belonging to this gpecies. The two calcanea are
srdler than even the svdlest of H. primigenium (Berror et d. , 1997, table 7.6) . Furthernore ,
their middle portion is very narrow. The agragdus (V 14015. 1) occursin the same locdity as ome
teeth of H. weihoense (see below) . V 14015. 2 is nearly identica , in sze and shape, toV 14015.1,
and locdlities for these two gecimens may be corrdative. On the other hand, these two adragdli
seem to metch with the albove calcanea (V 14014. 1 and 14014. 2) . We judge the adragdi to be
nore likely to bdongto H. . H. chiai. Asin the calcanea, the two adragdi are svaller than
thoseof H. primigenium (Berror et d. , 1997, table 7.5) , and much smdler than those of H.
houfenense (Qiu et a. , 1987 , table 16) . Bohlin (1937, textfigs. 188 191) mentioned two astrar
gali (alarger Nr. 467 and a smaller Nr. 500) . Nr. 467 is dmilar to V 14015. 1 and 14015.2 in
gze and nomphology , and may be referred to the same Pecies. Nr. 500 is rather srdl , with amexi-
mum length 10 mm ghorter than that of V 14015. 1. However , this smdl dze does not exceed the
variation of a Snge ecies. For exanple, adragdi in H. primigenium can have length differences
o up to11.9 mm (Berror et d. , 1997, table 7.5) . Therefore, it is gill possble that Nr. 500 be-
longsto H. d. H. chiai.

Hipparion weihoense Liu et al. , 1978

Hipparion weihoense and H. chiai share some characters, such as an elongate protocone that
does not nk into the bay” &ter heavy wear. On the other hand , Liu et d. (1978) pointed out
ome diginctions between these two taxa , which were further supplemented by Qiu et d. (1987) .
In terms of nmorphologica features that are present in the meteria s described in thispaper , H. we-
hoense differsfrom H. chiai in larger Sze, nmore aborate plications in cheek teeth , protocone ot
danted, protocone with rounded anterior and pogerior ends, pli hypogyle extending forward from
pogerior wall of podfosstte , and relatively high crowns. The five cheek teeth from Qaidam are nor
phologicaly condgent with corregponding teeth of H. weihoense from Lantian and differ from those
o H. chiai in above characteridics. Furthernore, the Qaidam gpecimens share additional detalls
with H. weihoense, such as a dightly inward curve on labid surfaces of cheek teeth , enamd plica
tions big and drong, double pli cabdline, externd wdl grongy concave, weak or absent of
hypooond condriction , hypocona groove wide on prenlars but narrow and dender on nolars, ec.
V 14016. 3 hasfew pli protoloph, afeature thet is different from gecimens in Lantian.

Asoutlined in the introduction , Bohlin hasonly meager materials to dea with and he included
only afigure (Bohlin, 1937, textfig. 166) that shows a posfossette and a protocone with a pli car
balline. He suggesed that the protocone norphology and ename plications of the Qaidam meteria s
are very dmilar to M2 of H. richthdeni described by Sfve (1927, fig. 13) from Daijiagou
(Baode , Shanxi) . However , Bohlin’ s gpecimen shows a broad and rounded protocone, differing
from the dender and narrow protocones in the three goecies described herein. Sfve s (1927) H.
richthdeni was referred to H. forstenae by Zhegdlo (1971) , which has a smilar age relationship as
H. telhardi , i.e. , laeLae Miocene (Qiu et d. , 1987) . Bohlin' s materid s are too fragmentary
to be accurately identified.

The digad Mc Il (V 14017) iswider than that of H. chiai fromLantian (Liuet d. , 1978) ,
andisclosto H. primigenium (Berror et d. , 1997 , table 6. 13) . It probably belongs to the larg-
er-dzed H. weihoense. Thefore 3rd Ph 111 (V 14018) came from the same locdity as dental mete-
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ridsd H. wehoense. A“ 3rd Ph III” from Lantian was rferred to H. chiai , but it has measure-
ments of 37 mm long and 36 mmwide. These measurements are poorly defined and may be in error :
the length , whether being the anterior length (Table 2, Measure 1) or greates anteroposterior length
(Table 2, Measure 2) , arefar too short ; the length , whether being the articular anteroposterior di-
ameter (Table 2, Measure 5) , isfar too long; the breadth , whether being the greatest breadth
(Table 2, Measure 4) , isfar too narrow ; the breadth , whether being the articular breadth (Table
2, Measure 6) , indicates that the 3rd Ph I1l of H. chiai from Lantian is svdler than the Qaidam
gecimen. V 14018 isclose in Sze to H. primigenium, such as the length and height , but differs
from H. primigenium in gmaler length of dorsal surface, smdler ange between dorsa and plantar
surfaces, and srdller width of articular faces. From dze condderations, we place this phaanx in
H. weihoense. Bohlin (1937, textfigs. 205, 206) described a 3rd Ph 11l (Nr. 532) ; it is sub-
dantidly smaller than V 14018 and probably bdongsto H. . H. chiai.

The Mt 111 (V 14020. 1) is recovered from the same locdity asone P3 (V 14011) of H. df.
H. chiai. Materidsof H. chiai fromLantian do include aMt 111 (V 3116.9) . O the conpara
ble measurements, the specimen from Lantian has a proxima width of goproximetely 32 mm, mid
sheft width of 21.5 nm, and mid shdt thicknessdf 23.2 mm. V 14020. 1 isobvioudy rore robugs
(Table 2) . H. . H. chiai and H. we hoense from Qaidam occur in the same levd |, as did those
from Lantian. H. wehoense is clearly larger than H. chiai. Thus the Qaidam Mt 11 is likely to
belongto H. weihoense. Measurementsfor VV 14020. 2 (Table 2) are far larger than those of H.
chiai from Lantian (the latter has a digd articular width of 37.5 % 27 mm) . Thus, V 14020. 2
probably a9 belongsto H. wehoense. Both of these two metatarsals are smaller than that of H.
teilhardi (V 8241; Qiu et d. , 1987, pl. XL, 4). The adragdus (V 14019) is larger than
V 14015. 1 and 14015. 2, and d < differs in other norphologica attributes. V 14019 thus is re
ferred to H. weihoense. V 14019 isclosein szeto that of H. primigenium (Berror et d. , 1997 ,
table 7.5) , but smaler than that of H. houfenense (Qiu e d. , 1987) . However , the trochlear
width of V 14019 is ot only larger than that of H. primigenium , it is d% larger than that of H.
houfenense. The 2nd Ph 111 (V 14285) occursin the same locdity asa snge P4 (V 14040) of H.
weihoense , and it isfar larger than that of H. chiai fromLantian (Liuet d. , 1978) . We thusre-
fer thisphadanx to H. weihoense aswell. Bohlin (1937 , textfig. 202) figured a 2nd Ph |11, which
is condgent with VV 14285 and probably a < belongsto H. weihoense.

Hipparion teilhardi Qiu et al. , 1987

Qiuet a. (1987) egablished a new ecies, Hipparion telhardi , based on materids from
Youfangtou (Hengshan , Shaanxi) oollected by Teilhard de Chardin and Licent. Qiu et a. ddlinear-
ed the following characters for the lower cheek teeth: labiad wal curving laterdly , relaively short
double knot , rounded metaconid, metastylid pogerolingua ande pointed, prenolar lingueflexid
nearly V-shgped , nolar linguatlexid dightly widened , ectoflexid deep , and protostylid well-deve-
loped. Except the mot © well-developed protogylid , the Qaidam lower teeth are Smilar to those of
H. teilhardi , egecidly in the norphologes of the linguar and ectdflexid on the nolars and m3
hypooonulid. Infact , protogylids are poorly developed in certain cheek teeth from Youangiou , e.
g. , the premolars and m3 on V 8236 (Qiu et d. , 1987, fig. 55, pl. XL, 2).

Anong limb bone gpecimens, the right diga tibia (V 14023) was recovered from the same lo-
cdity as three lower cheek teeth of H. teilhardi. Lantian produced one dida tibia of H. chiai ,
which has awidth of 52 mm and depth of 37 mm, goparently svdler than V 14023. Tihii of H.
primigenium typicaly average 71. 1 mminwicth and 45 mmin depth at digtd ends (Berror et d.
1997, table 7.4) , larger than V 14023. Intermsaf Mt 11l dimensons, H. tdlhardi islonger than
that of H. primigenium. Asprevioudy dated , the grasdand-adapted Hipparion from Eag Ada have
nore dender limbs than those of foreg-adapted horsesin Europe. For exarple , Mt Il of H. houfe
nense is longer than that of H. primigenium , and the digd end of tibiadf theformer isad o srdler
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than that of the latter (Qiuet d. , 1987, tables 12, 14) . Bohlin (1937) d % oollected a digal tib-
ia (Nr. 453) , which has a width of 63 mm and depth of 42 mm, nearly identica to those of V
14023 and thus bdlonging to H. teilhardi. Ecto-cuneiforme from Qaidam (V 14024) is d me
what smdler thanthat of H. primigenium (Berror et a. , 1997 , table 7.9) , and is cond gent with
a srdler digd tibia.

The right 2nd Ph 111 (V 14025) is produced from the same locdity as three lower cheek teeth
and right digd tibia (V 14023) of H. tdlhardi. V 14025 is dmilar in Sze and proportions to that
o H. weihoense (V 14285) , but differs nomhologicaly. V 14025 and 14285 are hoth far larger
than that of H. chiai (Liuet d., 1978) , but svdler than in H. primigenium (Berror et d. ,
1997 , table 7.15) . The two 2nd Ph |11 from Qaidam have a proxima width shorter than its maxi-
mum length , exactly oppodte to that of H. primigenium , which has a shorter length conpared to its
proximal width. A nore dender Ph 1l is probably an adaptation for open grasdands, in contrag to
a nore foreged landscape for H. primigenium.

2 Biogratigraphy and paeocecologca comments

Three gpecies o Hipparion are recovered from the Qaidam Basn o far: H. d. H. chia ,
H. weihoense, and H. telhardi. Thefirg two ecieswere found in the Bahe Fauna of the Bahe
Formation in Lantian, Shaanxi (Liu et d. , 1978; Zhang et d. , 2002) and Dashengou Fauna in
the middle part of the Liushu Formation in Linxia, Gansu (Deng et d. , 2004) . H. chiai was d®
produced in Chengcun (Qin’ an, Gansu) (Qiu et d. , 1987) and in the Lamagou Fauna from the
lower fosdliferous layer of Laogeochuan (Fugu, Shaanxi) (Xue et d. , 1995). Qiu et d. (1987)
indicated that H. chiai and H. wehoense have deep and digdly located preorbital fossa and o
gated protocone, characters suggeding their relationships to the H. primigenium group , which is
close to its North American ancegors. They are included within the subgenus Hipparion ( Hippothe-
rium) . The H. primigenium group in Europe and Africa are al from the Valledan age. Further
nore , they a9 pointed out that the anterolabial corner of the preflexid is nore sharply pointed than
its pogerolabia corner in H. chiai, a character seen in me early Hipparion horses of North
America, such as H. tehonense (MacFadden , 1984 , fig. 38) . Therdfore, H. chiai , and possbly
a H. wehoense, is an Adatic Pecies that preserves many characters of North American three
toed horses. Such a norphologica combination suggests a primitive sage of evolution and indicates
an early age.

Li et a. (1984) conpared the Bahe Faunawith those of the European Vallesan. Qiu and Qiu
(1990) and Tong et a. (1995) further corfirmed such a corrlation. The Dashengou Fauna from
Linkia Badn includes Dinocrocuta gigantea, Acerorhinus hezhengensis, Chilotherium wimani ,
Hezhengia bohlini , and Miotragocerus 9. , taxa that often occur relatively early (Qiu et d. , 1987,
2000; Deng, 2000, 2001) and equivaent to the European late Valedan (Qiu et a. , 1999 ; Deng
e d., 2004). Xue & d. (1995) padeomagneticaly corrdated the Lamagou Fauna with GPTS
chrons equivalent to the European early Turolian. However , from the stand point of faund charac
teridics, Lamagou sould be contenporaneous with the Dashengou Fauna, earlier than late Late
Miocene (Qiu et d. , 1999; Deng et d. , 2000, 2001) . onsequently, H. chiai and H. we-
hoense gpparently belong to the early Late Miocene, i.e. , equivdent to the European Vdledan.

Qiu and Qiu (1990) and Qiu et d. (1999) conddered Bohlin’s (1937)“ Qaidam Fauna’ as
belong ng to the early Late Miocene, representing the earliest assemblage among the Chinese Hip-
parion chronofauna and being goproximately equivaernt to the lower part of the European mammd
2one MN9. They reasoned that the gopearance of Hipparion in combination with leftover eements of
the Middle Miocene Anchitherium chronofauna (such as Lagomeryx , etc.) mugt have indicated an
early gage of the Hipparion Fauna. Such a correlation , when redricted to the currently krown Hip-
parion-producing part of the beds, is ill correct but obvioudy for the wrong reasons. Mixing fauna
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conmponents of different agesfrom Bohlin' s collections is the main cause of such an illudon. Fosdls
oollected by Bohlin may have panned more than 2 000 mof the local grata a Barun Ula, with great
potentia for corfusng the age relationship if one is not carful to tease out the individua faund
conponerts.

In recent years, we have begun to egablish a biogratigrgphic framenork in the eagern Qaidam
Badn. We are able to differentiate vertebrate faunas that represent Midd e Miocene , Late Miocene ,
and Fiocene ages. Outlines for faunas in the Middle Miocene are beginning to emerge (Wang et
a., 2000; Wang and Wang, 2001). In addition to such primtive deer as Lagomeryx and
Stephanocemas , perhgps the nmog typicad Middle Miocene form is Hispanotherium matritense found
near the red mudgone/ green sandgone trandtiona layer eas of the Naoge carp. Thisrhimo isonly
found in the Middle Miocene o Eurasa and does not co-occur with Acerorhinus tsai damensis (Deng
and Wang, 2004) . The latter seems mainly occur in the Late Miocene part of the srata. Hipparion
horses described in this paper corfirm the presence of an early Late Miocene fauna (Chinese early
Baodean land mammal age) in Qaidam. Infact, H. of. H. chiai and H. weihoense werefound in
the same locality (CD0219) as A. tsaidamensis. We thus infer that the upper section in the Neoge
area and much of the section in the Shengou area, both producing H. . H. chiai and H. wei-
hoense, are early Late Miocene in age.

Hipparion teil hardi was previoudy found in a snge locdity- Youfangtou (Hengshan , Shaanxi) .
The holotype was collected by Licent and no exact gratigragphic record is available. Morphologicaly ,
H. telhardi seems dmilar to certain forms from North America and is to a certain extent close to
Neohipparion affine (Qiuet d. ,1987). H. telhardi from Qaidam is roughly from the same beds
as H. d. H. chiai and H. weihcense (upper part of the Naoge section and the Shengou section) .
The snge lower jaw from the lower part of the Tuosu Nor section is A better trested as early
Baodean. For the same reaon , the type meterid of H. telhardi from Youfangtou , for lack of evi-
dence to the contrary , sould a be rdferred to early Late Miocene.

Based on Acerorhinus tsai damensis from the early Late Miocene of the Qaidam Basin, we have
irferred a warm and semi-dry environment with grasdand predominant and occasond foreg and
bushes (Deng and Wang , 2004) . Anpong ungulates from the beds that produce H. chiai and H.
weihoense in Lantian, Shaanxi , gazdles are reatively highrcrowned and large-gzed , the grdfe

Pal aectragus is somewhat high-crowned , and suids and cervids are absent. These are dl indications
o agrasdand environment (Liu et d. , 1978) . The preeence of H. o. H. chiai and H. wei-
hoense in Qaidam further corfirms our judgment of a grasdand. The Late Miocene Dicerorhinus
ringstromi is relatively curorid (Quérin, 1980) , adapted to life in dry grasdands (Ringgtrom,
1924) . Above andyss do shows that the digd limbsof H. telhardi are probably rather dender
and better adgpted to open environments, and it belongs to a nore curoria fauna.
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