CRTE AL e O 7/ B pp. 10~ 35
20004F 1 3 VERTEBRATA PALASIATICA figs.1~3pis. | ~ Il

HfZMEtRKTaATRIE
REPRBBLA"
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(P EFERE SRR ol AR dERT 100044)

WE ZMBWEKTE TR ARSI F4ESF B B Porasminthus
asiae—centralis, P. tangingoli, P. parvulus, Parasminthus sp. 1, Parasminthus sp. 11, #i]
i ¥ B OB J&. FR) Litodonomys huangheensis gen. et sp. nov.,, =M % B B Gi #)
Heterosminthus lanzhouensis sp. nov. Ml Sinosminthus sp.. Litodonomys huangheensis i 12 &
FRAER B ] B TR, TR AR R, B RORE . MR RS, TAVE AR TR
i, Heterosminthus lanzhouensis N Helerosminthus J& W — BI5GB R, B 0 E 35 04 351, -5 00
F g BB AL, (H 86 IR R/, M /2 BUEDUNR, (R IR 42, ml RO R T o, TV
., TSI A5

N T LLIR R I B B A AR B R S TR A Taben—buluk 9 — 8. E111H
A ET B SO 4, A M 1 BT 1

Z3CH PAUP3.LLT X 88 =40 09 45 Bk BB (B9 22 2 4B T AT ATiTE

Bk BT I 1 T 22 N 2 AR, T RR R M A M B E SRR E AT
b M KB PR, O 5T R I TR T DR AR T R SR B
KSEIR P AL, KT, BRI T, Bk SR
FEESES Q915873

ZMRIKER Heterosminthus lanzhouensis sp. nov.
(& 25 KRR 1L, 1~8)
?Sicistinae indet., Bohlin, 1946, p. 53~54, fig.4: 5~7.

ERFRA A ml(IVPP V 11773.1),

IERFRA M 222 1758 GL 9601B Hi i,

BANFRER  IMI(V 11772.1), 3 M2(V 11771.1~ 2, V 117722), 7 ml(V
11770.1, V 117713, V 11772.3~4, V 117732~ 4) #1110 m2(V 11769.1~ 3, V
11770.2, V 11771.4 M1V 11773.5~9).

=i MM GL 9513A (IVPP V 11769), GL 9513B (V 11770) Ml GL

1) EEBARFES (WS 49472083F149872011) R EBL 25 AL EATE (5. 2048) WP ERR &
Y E I ARER BRI ZHES (55 9708) K8,
W HE. 1999-03-25
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9513C (V 11771) M5, L YE GL 9601A(V 11772) 1 GL 9601B(V 11773) b si1.
$51E  K/D5 Heterosminthus orientalis ¥, (A8 )5U0G 0 5 0K B, 3804 bL 1) LA
B R B, E L BN A X B B s ML/ 2 BN IR AR S DUAR L AH R 0 Dt
235 ml T Ao A )RR, AN AT 2 m2 AR AR AT AT,
B Litodonomys gen. nov.

BB Litodonomys huangheensis sp. nov.

AN AT,

IR mAM R E A, Mo it

FAE P E RNy BB, A e B AR, B REEAE. mi~3 TR, [
AT DA BB K, T AME BT BRARR M G S T IR RAETE . ml R T EHRHE.
m2 A VO S0 (B I &, TEHE. TIREM T G008 B kS, MMM, LT
WREH. m3 TIRES FTREIHRE.

ZMHEIR Litodonomys = litos + odon + o + mys, 7 i & litos: i &, odon, 4" A},
mys Bl 2RI BRE B (R SR i 45 4

HiAEER  Litodonomys huangheensis sp. nov.
( BRI 9~ 12)

aff. Eumys?, Bohlin 1946, p. 57, fig. 3: 61~63.
Eucricetodon, Lindsay, 1977, p. 602

ERFREA 4 m2(IVPP V 11768.1).,

ERIFRAFHM S 24 EVEY GL 9601B HiAT,

BANFRE  Iml(V 117682), 2 m2 (V 11767.1, V 11768.3) #14 m3 (V
11767.2~3, V 11768.4~5).

M EINAHIETE GL 9513C (V 11767) Hus A1 LPEYA GL 9601B (V 11768) ML/,

E (RS AR,

ZTRKIE  Huanghe, #I, AL = HuAy 3 #9 fi

FLbB 5448 Bohlin (1946, p.57, fig.3: 61~ 63)FEHR H T4 7100 b K38 #H4i & w
H S AR A T, A A 2 A m2(T.b. 211 #1 T.b. 580) KITEZS, W25t LUK B4, T A M
WK, FIEHEM G, 76 T 58T O8 2 [8] R A & ) 5 & A T o, sF Bk
BEEYS Parasminthus WA, JERH, A WG R U Eumys 7 m2 7F 5 o4 B398, H
S AR AR BT S, B T R ARG, B YA Bohlin ¥ BEATTE E 4 aff. Eumys?.
Lindsay (1977, p. 602) ik} Bohlin (1946) V3 A Cricetodon M Eumys 1) 4 ¥ 5.2 5 AR 7l g
& Eucricetodon, 3ETWHIX ZAPRA S =M LR AR ATE IR &4 E2MAIR, Feal 5
V 11768.3 BIFEAL, T B K/NRIE, 2@ [E] —Ff, (BN ZZHIBY m1 5508, s Faiiide, T
R T IERMAT, KAMHIE, TEEZEMTIINENERERSE,. BENBARE T O/

5 Parasminthus, Plesiosminthus, Heosminthus, Sinosminthus %5 J& HEE, H AR A
T EAE A LT, SRR R, R ES, A RAE, THEERIL. Eml W TEH
i m, BT A, m2 T/EAEBER, TarMAFRE, FAMEF B FERMET KRR, m3
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FTEREMTEHEZERAEHWREARES Z4BOARE. B©N5 Allosminthus ) X F) ¥ T H
Ziiﬂjﬁ’jﬁi IA] H"J_Fféﬁ, BTIRREE, UET *ﬁﬁﬁﬂ'% i EAS Heterosminthus
Protalactaga S W XN EHE. Gobiosminthus F Shamosminthus %5 ¥ R R 25 LBk, I
B, H 2N BENSEHERENREESRSEK ZBARE., BRENTERAERAS
[FF LR R B &, AIRRE K & 7 15 B: Litodonomys huangheensis.

BE=ZLEMBEEMNEEXRE HKANTA PAUP3.L.1 X E 5 = 0% B BB M 1Y
HEXRET 28738, F Branch #lBound 75 ¥ 1% 3 & ¥ Heosminthus M Parasminthus
PMAFRNE., BRFETRSN - NMREANST XN (E 3)., MREHBEFEERGH
HEHELn A, BNE S HH R SE R AIEWE RS /Y E S k.
Primisminthus R FE IR0 — 3L, Ko ~ B ta $i it . Banyuesminthus 795 Bk &,
HAEmay &3 A sk H. 729 iR 5T 280 L Ulkenulastomys AR R A0 16 3 i b 1
BLcf. Sinosminthus sp. NARERM 35 HABK R X R AEE, 150055 i Bk BUR &
Allosminthus 1 Sinosminthus 1% 3 B 543t 11 35 3¢, Heosminthus V] BEACR LI 2 X
A R AEHBKRAIHRA. NEEHER RN - #—SnR. HP X
B4R Plesiosminthus, BB, M TR, XXM, Parasminthus 57 % WAL, —
XA~ Parasminthus J&, € 0l LB B i it s Gobiosminthus 1 Shamosminthus 18T WA 3
s 85 WU 32 i Ak A Heterosminthus— Lophocricetus %55 &5 1. 3 # 4k 3 Protalactaga—
Allactaga % .
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DIPODIDAE (RODENTIA, MAMMALIA) FROM THE LOWER
MEMBER OF XIANSHUIHE FORMATION IN LANZHOU
BASIN, GANSU, CHINA

WANG Ban-Yue QIU Zhan—Xiang

( Institute of Vertebrate Paleontology and Paleoanthropology, Chinese Academy of Sciences Beijing 100044)

Abstract  The dipodid fossils from the red mudstone of the Lower Member of the
Xianshuihe Formation include eight species of four genera: Parasminthus asiae—centralis, P.
tangingoli, P. parvulus, Parasminthus sp. 1, Parasminthus sp. 1, Litodontomys
huangheensis gen. et sp. nov., Heterosminthus lanzhouensis sp. nov., and Sinosminthus sp.
The new genus Litodontomys can be diagnosed as: having proportionally wider and shorter
cheek teeth, with simpler occlusal pattern, well developed lophids, mesolophid short or
absent, ectolophid extending from protoconid.  The new species Heterosminthus
lanzhouensis represents a primitive species of Heterosminthus. The main cusps of its

molars are slightly alternate in position. The protoconule is distinct but the anterostyle is
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absent on M1/ 2. ml has developed mesolophid, bending ectolophid, and antero—buccally
oblique ectomesolophid.

The dipodids described above are similar to those of Taben—buluk in composition.
The middle part of the lower red mudstone bearing the dipodids may be equivalent to
that of the latter in age. It is of late Oligocene.

The phylogenetic relationships of the Paleogene dipodids are analyzed based on dental
features using PAUP 3.1.1.

The predominance of the dipodids in the late Oligocene micromammals in the
Lanzhou Basin indicates that a grassland or savanna habitat might have been established in
the Lanzhou area during that time.

Key words Lanzhou Basin of Gansu, Xianshuihe Formation, Late Oligocene, Dipodidae

The Xianshuihe Formation erected by C. C. Young and M. N. Bien (1937) as
of middle Miocene in age has been comprehensively restudied and redefined (Qiu et
al., 1997). Now it is subdivided into three members: the Lower Member is composed
of the basal yellow sandstone and the overlying red mudstone (called as lower red
mudstone); the Middle Member is composed of layers of white sandstone in the lower
part and red mudstone in the upper part (called as upper red mudstone); the Upper
Member is composed of interbedded sandstone, siltstone and mudstone. The white
sandstone (Middle Member) and the yellow sandstone (basal Lower Member) were
recognized as of early Miocene and Oligocene respectively (Qiu, 1989, Qiu et Qiu,
1990, 1995 Qiu et al, 1997). Since then the age of the intercalated lower red
mudstone becomes one of the focal problems: Is it of Oligocene or Miocene?

Oiu et Gu (1988) reported some micromammal fossils from red beds at the
northern slope of the Gaolan mountain of the Lanzhou Basin. However, this locality
is located at the south bank of the Yellow River. Its relationship with the red
mudstone widely distributed on the north bank of the Yellow River is obscure. No
fossils had been discovered in the lower red mudstone on the north bank of the
Yellow River until 1995. Since then more and more mammal fossils including
micromammals were collected from the lower red mudstone in Xiagou, Shangxigou
and Qujiachuan. These discoveries are significant not only for understanding the
mammalian fauna, but also for determining the age of the lower red mudstone. The
Dipodidae, which are the most abundant in quantity and the most diverse in taxon,
are described in this paper.

The terms used in this paper mainly follow Wang (1985). In the description the
frequency of a character variant is expressed as a fraction, with the numerator
indicating the number of the varnant and the denominator the total number of the

specimens examined. Thus, 8/ 14 indicates that out of 14 specimens § belong to the
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variant described.

Abbreviations for the repositories or localities are: GL. locality of the Gansu
Provincial Museum; IVPP, Institute of Vertebrate Paleontology and Paleoanthropology,
Chinese Academy of Sciences; T. b., Taben—buluk, Gansu, China; UTL. Ulantatal area,
Nei Mongol, China. The measurements of the dentition utilize the positional
abbreviations: L, length; W, width.

1 Systematics

Dipodidae Fischer de Waldheim, 1817
Parasminthus Bohlin, 1946
Parasminthus asiae—centralis Bohlin, 1946
(fig.1; pl. I, 9~14; pl. 11, 7)

Parasminthus asiae—centralis Bohlin, 1946 (partim): pp. 18~22,

Specimens Two P4 (IVPP V 117491, V 11750.1), 3 M1 (V 11750.2, V 11752.1~
2), 2 M2 (V 11750.3, V 11752.3), 6 ml (V 11748.1~3, V 117492~ 3, V 11750.4),
7 m2 (V 117484, V 11750.5~6, V 11751.1~3, V 11752.4) and 3 m3 (V 11749.4~
5, V 11751.4).

Localities and horizons GL 9513A (IVPP V 11748), GL 9513B (V 11749),
GL 9513C (V 11750) in Xiagou, and GL 9601A (V 11751) and GL 9601B (V
11752) in Shangxigou, Lanzhou Basin, Gansu, China; late Oligocene, the middle part
of the red mudstone of the Lower Member of the Xianshuihe Formation.

Emended diagnosis Large-sized Parasminthus. P4 composed of a main cusp
and a posterior cingulum, MI1/2 with posterior concavity between hypocone and poste-
roloph, metaloph of M1 joining posteroloph, M2 with double protoloph, anteroconid
usually isolated on ml.

Remarks The specimens are identical with those of P. asiae—centralis in size,
having four roots and a posterior concavity between hypocone and posteroloph on
MIl~ 2, MI having a metaloph joining the posteroloph, M2 having double protoloph,
and ml with isolated anteroconid.

Measurements (L X W) P4: 0.8 x —, 0.75x 0.75; MIl: 1.75x 1.55, 1.77 x 1.5,
205X 175 M2: 1.7%x —; ml: 1.75% 1.35, 1.7x 1.2, 1.7x L.16; m2: 1.7x 1.25,
1.65 X 1.35, 1.75x 1.3; m3: 1.6 x 1.35, - x 1.3.

Huang (1992) revised the diagnosis of P. asiae—centralis based on the specimens
from Ulantatal area, Alxa Zuoqi, Nei Mongol, China. Having compared the specimens
from Taben—buluk, Lanzhou and Ulantatal, we found that the specimens from
Taben—buluk and Lanzhou were more similar to each other, and different from those

of the Ulantatal area in some features. These distinctive characters of the Ulantatal
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specimens, as mentioned by Huang (1992) in his revised diagnosis, seem to us to be
primitive ones. In view of the fact that the Ulantatal fauna is of late early Oligocene,
older than that of Taben—buluk, the Ulantatal specimens might represent a more
primitive stage than the typical P. asiae—centralis. Huang’s revised diagnosis seems to
be applicable only to the Ulantatal specimens, not to the specimens from the type area,
Taben—-buluk, and Lanzhou.

Parasminthus tangingoli Bohlin, 1946

(fig.1; pl I, 1~8)

Parasminthus asiae—centralis Bohlin, 1946 (partim): pp. [8~22, fig. 3: 29
Parasminthus asiae—centralis Huang, 1992 (partim): pp. 250~255, 275~277
Parasminthus tangingoli Huang, 1992 (partim): pp. 255~260, 277~279

Parasminthus parvulus Huang, 1992 (partim): pp. 260~265, 279~281

Specimens One fragment of lower jaw with ml~2 (IVPP V 11755.10), 3 P4
(VI1753.1~ 2, V 11755.1), 12 M1 (V 117533, V 117541~ 3, V 117552~3, V
11756.1, V 11757.1~5), 21 M2 (V 11753.4~7, V 117554~ 17, V 11756.2~6, V
11757.6~13), 13 M3 (V 11753.8~9, V 11754.4~7, V 117558~9, V 11756.7, V
1175714~ 17), 23 ml (V 1175310, V 117548~ 13, V 11755.11~ 14, V 11756.8~
10, 'V 11757.18~26), 24 m2 (V 11753.11~ 13, V 11754.14~ 15, V 1175515, V
11756.11~ 13, V 11757.27~41) and 9 m3 (V 11753.14~ 15, V 11754.16~ 18, V
11756.14~ 15, V 11757.42~43).

Localities and horizons GL 9513A (IVPP V 11753), GL 9513B (V 11754),
GL 9513C (V 11755) in Xiagou, and GL 9601A (V 11756) and GL 9601B(V 11757)
in Shangxigou, Lanzhou Basin, Gansu, Chinai late Oligocene, the middle part of the
red mudstone of the Lower Member of the Xianshuihe Formation.

Emended diagnosis Medium-sized Parasminthus. P4 composed of main cusp
and posterior cingulum, M1 /2 with concavity between hypocone and posteroloph, me-
taloph joining posteroloph or posterior arm of hypocone on M1, M2 with double
protoloph, anteroconid joining with metaconid or / and protoconid on ml.

Remarks P4 is composed of a main cusp and a posterior cingulum. M! / 2 has
a posterior concavity between hypocone and posteroloph and four roots. On Ml
metaloph joins posteroloph or posterior arm of hypocone. M2 has double protoloph.
ml has an anteroconid joining metaconid and/ or protoconid. All these features are
identical with those of P. rwngingoli. In addition, the size is within the range of
variation of P. fangingoli (see table 1).

While describing P. asiae—centralis and P. tangingoli, Bohlin (1946) mentioned
that they were almost indistinguishable except size. This made him rather hesitated in
dealing with the specimens intermediate in size (T. b. 569a and 588). Huang (1992)
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took the length of two anterior molars (1.5 mm) as the boundary line between P.
asiae—centralis and P. tangingoli. Thus, according to him, the specimens with the MI
or M2 longer than 1.5 mm is assigned to P. asiae-centralis and those within the
range from | mm to 1.5 mm to P. tangingoli. Our study of the Lanzhou material
came to the same major conclusion as Bohlin and Huang did. There are little
morphological differences between the two species. Some minor differences can be
observed in the degree of the connection of anteroconid with protoconid or metaconid

on ml. However, the size difference is significant. Our statistical analysis is
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Fig.1 Diagram showing the size variation of molars of Parasminthus asiae—centralis and P. iang-
ingoli, after the measurements of molars from Taben—buluk by Bohlin, 1946, and Lanzhou Basin

P. asiae—centralis: O Ml/ml, OM2/m2, AM3/m3; P. tangingoli:
® Ml/ml, ®M2/m2, AM3/m3
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supportive for the above conclusion as well. The coefficient of variation (CV) of the
cheek teeth of the two species is too large to assign them all into one species.
However, according to the diagram of the cheek teeth, a hiatus can be located around
1.6 mm between P. asiae—centralis and P. tangingoli, instead of 1.5 mm as suggested
by Huang (fig. 1). According to this criterion, some of the Ulantatal specimens
referred to P. asiae—centralis and the specimen T. b. 569a, which was hesitatingly
referred by Bohlin (1946) to P. asiae—centralis, should be referred to P. tangingoli.

Bohlin’s diagnosis of P tangingoli (1946) was based on the following features:
the metaloph joining the posterior arm of hypocone or the posteroloph on Ml; M2
having double protoloph; and MI1/2 having four roots. Huang (1992) revised diagnosis
of P. tangingoli based on the specimens from the Ulantatal area. The Lanzhou
specimens referred to P. tangingoli are in complete agreement with Bohlin’s diagnosis
of this species, but quite different from that of Huang. Tt seems more probable that
the Ulantatal specimens are in a transitional stage from a more primitive form to the
typical P. tangingoli and represent P. aff. P. tangingoli. Tt is inadvisable to change
the diagnosis of P. rangingoli based on the Ulantatal specimens.

Table 1 Measurements of cheek teeth of Parasminthus tangingoli Bohlin, 1946 (mm)
N Min Max Aver SD v
L 0.6 0.7 0.65 0.04 6.29
P4
w 3 0.6 0.7 0.67 0.05 7.07
L 9 1.2 1.55 14 0.09 6.3
Ml
w 9 I 1.25 1.13 0.08 7.1
L 21 1.15 1.5 1.3 0.1 7.3
M2
W 20 1.05 1.4 1.16 0.1 8.47
L 13 0.8 0.95 0.89 0.04 5.01
M3 . -
W 11 0.85 1.07 0.94 0.07 7.77
| L 16 1.12 1.55 1.34 0.11 8.49
m
W 24 0.82 1.2 0.97 0.09 9.47
L 24 1.15 1.55 1.31 0.12 8.88
m2
W 3 0.85 1.28 1.01 1.1 10.27
L 7 1.05 1.1 1.1 0.03 3.13
m3
w 7 0.8 0.95 0.91 0.05 5.81

* L: length; W: width; N: number of specimens; Min: minimum; Max: maximum; Aver: average; SD: standard
deviation; CV: coefficient of variation
Parasminthus parvulus Bohlin, 1946
(pl 1I, 1~4)
Parasminthus parvulus Bohlin, 1946: pp. 30~41
Parasminthus tangingoli Huang, 1992 (partim): pp. 255~260, 277~279

Parasminthus parvulus Huang, 1992 (partim): pp. 260~265, 279~ 281
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Specimens  Six fragments of maxiltaries (IVPP V 11758.1~3, V 11759.1~2, V
11762.1), 5 fragments of lower jaws (V 11758.74~ 76, V 11759.66~ 67), 15 P4 (V
117584, V 11759.3, V 11760.1, V 11761.1, V 117622~ 12), 126 M1 (V 117585~
39, V 117594~ 32, V 117602~ 11, V 117612~ 12, V 11762.12~ 53), 100 M2 (V
1175840~ 72, V 11759.33~56, V 11760.12~22, V 11761.13~21, V 11762.54~76),
16 M3 (V 11758.73, V 11759.57~65, V 11760.23~25, V 11761.22, V 11762.77~
78), 78 ml (V 1175877~ 107, V 11759.68~ 84, V 11760.26~29, V 11761.23~ 27,
V 11762.79~99), 8 m2 (V 11758.108~ 126, V 1175985~ 101, V 11760.30~ 40,
V11761.28~36, V 11762.100~ 129), and 43 m3 (V 11758.127~ 139, V 11759.102~
108, V11760.41~43, V 11761.37, V 11762.130~ 148).

Localities and horizons GL 9513A (IVPP V 11758), GL 9513B (V 11759) and
GL 9513C (V 11760) in Xiagou, and GL 9601A (V 11761) and GL 9513B (V
11762)in Shangxigou, Lanzhou Basin, Gansu, China; late Oligocene, the middle part
of the red mudstone of the Lower Member of Xianshuihe Formation.

Emended diagnosis Small-sized Parasminthus. P4 usually E shaped in occlusal
pattern, MI~ 2 lacking a posterior concavity between hypocone and posteroloph, on
M1 metaloph joining with hypocone, M2 having single protoloph, on ml anteroconid
present or absent.

Remarks The specimens from. Lanzhou Basin are identical with P. parvulus in
occlusal pattern: M1/2 lacking concavity between hypocone and posteroloph and having
4 roots, on M! metaloph joining with hypocone, M2 with single protoloph. They are
similarly small in size.

In his revised diagnosis of P. parvulus Huang (1992) mentioned some distinct
features in occlusal pattern. However, his separation of P. parvulus from P. tangingoli
was mainly based on size difference. He took I mm of the length of MI/2
as the boundary line between P. tangingoli and P. parvulus. The specimens with the
M1/2 longer than Imm are referred to P. tangingoli and those shorter than Imm to P.
parvulus, regardless of morphological features. This makes it difficult to distinguish
the two species in practice. Huang (1992) referred two M1 (IVPP V 10160.39 and V
10160.221) to P. parvulus based on size, but he mentioned that the two M1 had the
feature of P. tangingoli: metaloph joining the posteroloph. As pointed out by Bohlin
(1946), P. parvulus is different from P. tangingoli mainly in morphological features,
not in size. In fact, he referred some M1 and M2, which is over Imm in length, to
P.  parvulus. The Lanzhou specimens tend to prove this conclusion. We can
distinguish P. parvulus from P. tangingoli morphologically. However, the two species
may overlap in size. There are specimens with characteristic features of P. tangingoli,
but their M1/2 are shorter than 1mm, while some others with definite features of P.

parvulus, but their M1/2 longer than Imm. Thus, some of the Ulantatal specimens
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originally referred to P. tangingoli by Huang based purely on the size may belong to
P. parvulus, and some others referred to P. parvulus by Huang (1992) may belong
to P. tangingoli.

All the MI/2 from Taben—buluk and Lanzhou referred to P. parvulus have 4 roots.
However, the number of the roots of Ml1/2 from the Ulantatal area referred to P.
parvulus by Huang (1992) varnes from 3 to 4 roots. As mentioned in the paragraph
of P. tangingoli, the Ulantatal fauna is older than that of Taben-buluk and the
specimens of P. parvulus from the Ulantatal area may represent a more primitive

stage than the typical P. parvulus.

Table 2 Measurements of Parasminthus parvulus Bohlin, 1946 (mm)
N Min Max Aver SD Cv
L 16 0.45 0.62 0.55 0.05 8.46
P4
W 16 0.45 0.68 0.57 0.06 9.9
Mi L 109 0.75 1.25 1.04 0.09 8.35
w 109 0.75 1.13 095 0.08 8.31
L 86 0.76 1.12 0.94 0.07 7.56
M2
w 86 0.7 1.05 0.88 0.07 7.9
L 14 0.56 0.75 0.66 0.05 7.83
M3
w 14 0.65 0.8 0.73 0.05 6.82
| L 67 0.9 1.15 1.04 0.06 5.76
m
w 67 0.67 0.88 0.79 0.06 7.18
L 60 0.85 1.15 1.03 0.07 6.62
m2
W 60 0.7 095 0.82 0.05 6.37
3 L 39 0.7 0.95 0.84 0.06 7.16
W 39 0.65 0.87 0.75 0.05 6.44

* The terms used here are similar to those in table 1.

Parasminthus sp. 1
(ol T, 8)

Four m2 (IVPP V 11763.1~ 2, V11764, V 11765) were collected from GL
9513A (V 11763) in Xiagou and GL 9601A (V 11764) and GL 9601B (V 11765) in
Shangxigou of Lanzhou Basin, Gansu, China. They are larger than P. asiae—centralis
(LX W: 1.95X 1.45; 2.15X% 1.56; 2.35 X 1.6). The cheek tooth crown is higher. The
metaconid and entoconid shift slightly more anteriorly than protoconid and hypoconid.
The short metalophid 1 is oblique antero—buccally, joining anteroconid. The anterior
arm of protoconid is weak or absent. The developed posterior arm of the protoconid
meets the mesostylid. The hypolophid is transverse. The lingual part of anterior
cingulum and anterior fossettid are reduced. The anteroconid and buccal part of

anterior cingulum are developed. The anterior sinusid is large. The mesoconid is
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distinct. The ectomesolophid is more or less present. They are similar to that of
Parasminthus in the basic features of the cheek teeth. However, they are larger than
all the known species of Parasminthus, including P. asiae—centralis. In addition, they
have higher tooth crown, more anteriorly located metaconid and entoconid, a lower
and weaker lingual part of the anterior cingulum and a reduced anterior fossettid.
They may represent a larger and more advanced species than P. asiae—centralis.
Parasminthus sp. 11
(pl. 11, 6)

Two M1 (IVPP V 11766.1~2) from GL 9513C in the Xiagou of Lanzhou Basin
are similar to P. tangingoli in having a complete mesoloph, an obliquely positioned
metaloph joining with posteroloph and in size (L X W: 1.5 X 1.3, — X 1.4). However,
they are different from P. tangingoli and other species of Parasminthus, and
Gobiosminthus in having an antero—posteriorly compressed protocone, without posterior
arm, a short protoloph joining anterior arm of protocone, short anterior fossette and
anterior middle fossette, and a deeper anterior part of sinus. They may represent a
new species of Parasminthus.

Heterosminthus lanzhouensis sp. nov.
(fig.2; pl. 1L, 1~8)
?Sicistinae indet, Bohlin, 1946: pp. 53~54, figs 4: 5~7.
Cricetidae, Lindsay, 1977 p.602.

Holotype A left ml (IVPP V 11773.1).

Locality and horizon of holotype GL 9601B in Shangxigou of Lanzhou Basin;
late Oligocene, the middle part of the upper red mudstone of the Lower Member of
the Xianshuihe Formation.

Referred specimens One MI (IVPP V 11772.1), 3 M2 (V 117711~ 2, V
11772.2), 7 ml (V 11770.1, V 117713, V 117723~4, V 11773.2~4) and 10 m2
(V 11769.1~3, V 11770.2, V 11771.4, V 11773.5~9).

Localities and horizons GL 9513A (V 11769), GL 95i13B (V 11770) and GL
9513C (V 11771) in Xiagou, and GL 9601A (V 11772) and GL 9601B (V 11773)
in Shangxigou of Lanzhou Basin, Gansu, China; late Oligocene, the middle part of
the upper red mudstone of the Lower Member of the Xianshuihe Formation.

Diagnosis Close to Heterosminthus orientalis in size but more primitive; cheek
teeth proportionally shorter and wider, with slightly alternated main cusps; on MI1/2
protoconule distinct, protocone with posterolingual crest but without anterostyle; ml
with developed, usually antero-buccally oblique ectomesolophid, bending ectolophid;
m2 with mesolophid.

Etymology Lanzhou Basin is the area where the fossils were collected.

Description All the specimens are isolated teeth. The cheek teeth are brachydont
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with distinct main cusps and lower lophs.

M1 is rectangular in occlusal view, and longer than wide. Four main cusps are
distinct and subequal in size, but the lophs connecting the main cusps are low and
slender. The protocone and hypocone shift slightly more anteriorly than the paracone
and metacone. The anterior arm of the protocone extends antero—buccally, but does
not meet the parastyle. The distinct protoconule is close to the protocone on its
anterior arm in the position. The protocone has a distinct postero—lingual crest, but
does not have distinct cusp on this crest. This cusp was called as anterostyle (Qiu,
1985, fig. 1). The protoloph and metaloph extend postero-lingually to meet the
entoloph and posteroloph respectively. At the point where the metaloph and
posteroloph link up there is a distinct cusp, which is called as posterocone here. The
mesoloph is complete, extending from the distinct mesocone to the mesostyle. The
entoloph is complete and slightly concave lingually, with a slightly lower anterior end.
There is a gap between the posterior arm of the hypocone and the short posteroloph.
The anterior cingulum is developed and extends along the anterior side of the tooth.
The parastyle is distinct. The posteroloph is short. The short lingual part of the
posterior cingulum is distinct. The wide sinus is slightly oblique antero-buccally and
opposite to the anterior fossette. The posterior sinus is small but distinct . M1 has 4
roots.

M2 is rectangular in occlusal view, with a straight and wider anterior side. The
protocone shifts slightly more anteriorly than the paracone. The two cusps are
subequal in size. Like in Ml the anterior arm of the protocone does not meet the
paracone to form the protoloph I, but extends antero—buccally. It may be free (1/3)
or may link with the anterior cingulum (2/3). The developed protoconule is close to
the protocone in the position. The postero-lingual crest of the protocone is weak. A
weak postero—external crest of paracone is present. The short protoloph extends from
the paracone to the entoloph. The mesoloph connects the mesocone with the mesostyle.
The metacone is the smallest among the main cusps. The metaloph extends
anterolingually to meet the anteiror arm of the hypocone or the entoloph. The
hypocone is smaller than the protocone but larger than the metacone in size and
opposite to the metacone in the position. The posterior arm of the hypocone links
with the posteroloph. The more or less distinct posterocone is separated from the
hypocone by a shallow groove. The entoloph is complete. The developed anterior
cingulum is divided into buccal and lingual parts by the distinct anterocone. The
anterocone is connected with the protoconule by a short crest. The wide sinus extends
antero—buccally and opposite to the anterior fossette. The anterior sinus is narrow and
shallow. M2 has 4 roots.

ml is oval in occlusal view, and with narrower and anteriorly convex anterior
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border. The protoconid and metacone are subequal in size but the former is slightly
more posteriorly located than the latter. The lower, slender and oblique posterior arms
of both cuspids meet together to form a V-shaped metalophid II. The developed
anteroconid may have one or two accessory crests to meet the metacone (1/8) or both
the metacone and the protocone (4/8),or may have not any accessory crest (3/8). The
entoconid and hypoconid are higher and larger than the anterior two ones. Among
them the hypoconid is the larger and slightly more posteriorly positioned than the
entoconid. The anterior arm of the hypoconid is short and low. The mesoconid is
always distinct and usually smaller than the anteroconid. One of the particular features
is the ectolophid. It is curved rather than straight. The posterior part behind the
mesoconid is longitudinal, but the middle part anterior to the mesoconid turns
antero-lingually, and then the anterior part tums anteriorly to meet the top of the
V-shaped metallophid II. A gap is usuvally present between the posterior end of the
ectolophid and the anterior arm of the hypoconid. The mesolophid ( = posterior arm
of the protoconid of Qiu, 1996) extends from the turning point of the anterior and
middle parts of the ectolophid rather than from the mesoconid. It may reach the
metastylid or mesostylid (6/7) or may be free (1/7). The mesostyle is more or less
distinct. The developed ectomesolophid is usually oblique antero—buccally (7/8) and
may meet the protoconid (4 7) or may be free (3/7). In V11771.3 the ectomeso-
lophid is transverse and an accessory oblique crest extends from the mesoconid to the
posterior arm of the protoconid. The specimen is similar to T. b. 592c¢ from
Taben—buluk described by Bohlin (1946, pp. 53~ 54, fig. 4: 5~ 7). The short and
transverse hypolophid may join the mesoconid (4/8) or the ectolophid behind the
mesoconid (4/ 8). The posterolophid connects the hypoconid with the entoconid. The
hypoconulid is separated from the hypoconid by a distinct posterior sinusid. The
posterior cingulum extends from the hypoconulid to the buccal border. The sinusid is
large. ml has a small anterior root and a large posterior one.

m2 is rectangular in occlusal view, and longer than wide. The four main cusps
are distinct. The protoconid and hypoconid shift slightly posteriorly than the metaconid
and entoconid. The metaconid is subequal to the protoconid in size and close to the
anterior cingulum in the positon. The short metalophid I is oblique anterobuccally and
joins the distinct anteroconid. The anterior cingulum is divided into a low and short
lingual part and a developed buccal one. The short and lower anterior arm of the
protoconid connects the anteroconid. The developed posterior arm of the protoconid
may join the metastylid (6/10) or the posterior wall of the metaconid (4/10). The
hypoconid is the largest and the entoconid the smallest. The hypolophid is transverse
or slightly oblique antero—buccally to meet the mesoconid or the ectolophid behind it.
The short ectolophid extends obliquely to the posterior wall of the protoconid. The
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mesoconid is more or less present. The mesolophid may be absent (4/10) or short and
oblique antero—buccally (6/10) to meet or not the posterior arm of the protoconid. No
distinct ectomesolophid can be secen. The posterolophid extends from the hypoconid to
the entoconid. The hypoconulid is separated from the hypoconid by a more or less
distinct posterior groove. The anterior fossettid is very small and shallow. The
crescent trigonid basin communicates with the anterior sinusid, forming a S—shaped
groove. The middle sinusid is wide. The anterior sinusid is large, but the posterior
sinusid is vestigial. m2 has two roots.

Measurements See table 3.

Table 3 Measurements of cheek teeth of Heterosminthus lanzhouensis sp. nov. (mm)
N Min Max Aver SD v
L 1 1.38
Ml
W I 1.15
L 3 1.26 1.4 1.32 0.059 4.46
M2
w 3 1.05 1.2 1.12 0.062 5.58
L 8 1.3 1.55 1.41 0.085 6
ml
w 8 0.91 1.16 1.05 0.068 6.46
L 8 1.2 1.45 1.37 0.072 5.27
m2
w 8 0.9 1.1 1.03 0.076 7.44

* The terms used here are similar to those of table 1.

Comparison and discussion  The cheek teeth of the Lanzhou specimens are
similar to those of Heterosminthus in being proportionally narrow and long, having
alternating main cusps, and slender lophs, M1/ 2 having a postero—lingual crest, MI
having a distinct lingual part of the posterior cingulum, a distinct posterior sinus, and
a weak entoloph, M2 having single protoloph II, an anterior arm of protocone
extending antero—buccally not joining the paracone, ml having a V-—shaped metalophid
Il joining the anterior part of bending ectolophid, m2 having an anterior shifting
metaconid, a short metalophid joining anteroconid, a well developed buccal part of the
anterior cingulum, a large anterior sinusid, a developed posterior arm of the
protoconid joining the metaconid and an oblique ectolophid. Thus they are referred to
Heterosminthus. Of this genus only one species, H. orientalis, is known from middle
Miocene of China (Schaub, 1930; Qiu, 1996). The differences of the Lanzhou
specimens from these of H  orientalis are as follows: the cheek teeth are
proportionally wider and shorter, Ml and M2 lack distinct anterostyle, ml has a
curved ectolophid, and an antero-buccally oblique ectomesolophid, and m2 has a
mesolophid. These features are primitive ones. The Lanzhou specimens seem to represent
a more primitive species than H. orientalis. It is here named H. lanzhouensis.

Bohlin (1946, pp. 53~ 54, fig. 4: 5~ 7) described a ml (T. b. 592¢) from
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Taben—buluk as ?Sicistinae sp. Lindsay (1977, p. 602) suggested that T. b. 592¢ was
more closely related to either Eucricetodon or Pseudocricetodon, and should be
assigned to the Cricetidae. As described above, T. b. 592c¢ is in fact similar to that
of H. lanzhouensis, especially to VI1771.3. Its size also falls within the range of
variation of this species. Thus, T. b. 592c is to be referred to H. lanzhouensis.
Having compared H. lanzhouensis with Parasminthus and H. orientalis, we found
it possible that the evolution of the cheek teeth may proceed from Parasminthus 10
Heterosminthus. The evolutionary trend would include: the change of the cheek teeth
from shorter and wider into longer and narrower and the arrangement of the main
cusps from opposite to alternative. During this process other elements of the check
teeth also change. The anterior fossette of the upper molars is enlarged; the
postero—lingual crest of the protocone develops; the anterior arm of the protocone of
M2 extends anteriorly; on the lower molars the anterior fossettid is reduced and the
anterior sinusid enlarged. It is interesting to point out the change of the ectolophid
and mesolophid on ml (fig.2). In Parasminthus the ectolophid is straight and usually
joins the protoconid, and the mesolophid extends from the mesoconid to the mesostylid.
In H. lanzhouensis the ectolophid is curved. Probably its anterior part before the
mesoconid is composed of part of the original mesolophid. When it shifts anteriorly
the mesolophid may meet the top of the V—shaped metalophid II at its middle. Thus,
the original mesolophid may be subdivided into two parts: the buccal part may form
the anterior part of the ectolophid; the lingual part may remain as the short
mesolophid. Therefore, the mesolophid in Heterosminthus does not join the mesoconid,
but is separated from the latter by a short distance. This distance may be the buccal
part of the original mesolophid or the anterior part of the recent ectolophid. At the
same time the anterior part of the original ectolophid of Parasminthus shifts
postero—buccally so that it becomes the ectomesolophid. This supports Bohlin (1946, p.
53) in that the oblique crest from the mesoconid in T. b. 592c might be the vestige
of the ectolophid. With the lingual part of the teeth shifting more anteriorly from H.
lanzhouensis to H. orientalis, the ectolophid changes from being curved to straight,
but the oblique antero-lingually ectomesolophid from being oblique to transverse. In
m2 of Parasminthus the long middle transverse lophid in the middle fossettid, which
may be formed by a mesolophid from the mesoconid or by the posterior arm of the
protoconid, always joins the mesoconid. In m2 of H. lanzhouensis the posterior arm
of the protoconid joins metastylid or metaconid and the mesolophid remains, while in
H. orientalis the posterior arm of the protoconid joins the metaconid and the
mesolophid is lost. Obviously H. lanzhouensis is in the transitional stage from
Parasminthus to H.  orientalis.  Probably Heterosminthus derives from some

Parasminthus species with long posterior arm of the protoconid. This supports Qiu’s
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hypothesis  (Qiu ez al, 1981 and Qiu, 1996).
However, Heterosminthus 1s more similar to P
tangingoli in such features as M1/ 2 with concavity
between the hypocone and the posteroloph, Ml
having metaloph joining the posteroloph, and M2
having double protolophs. Probably Heterosminthus
derived from some form near P. tangingoli.
Litodonomys gen. nov.

Type species  Litodonomys huangheensis sp.
nov.

Referred species Only one species.

Geographic distribution and geological range

Gansu, China; late Oligocene.

Diagnosis Medium—sized dipodid; cheek teeth
proportionally wide and short, with simple occlusal \
pattern and compressed main cusps; on lower D \\

_ |
molars  posterior arm of protoconid absent,
mesolophid short and oblique antero—buccally or A %
absent, ectolophid  obliquely  extending from

protoconid to anterior arm of hypoconid; ml1 with

distinct metastylid; m2 with only four transverse

lingual lophids; m3 reduced with fused hypolophid Fig.2 Comparison of occlusal view

and posterolophid. of ml of Parasminthus tangingoli,
Etymology Litodonomys = litos + odon + o + Heterosminthus orientalis and 1

mys. Greek: litos: simple, odon: tooth, mys: mouse. lanzhouensis sp. nov.

A. Parasminthus tngingoli (T. b. 590b,

It implies that the occlusal pattern of the cheek
after Bohlin, 1946, fig. 3: 34), B.

teeth is simpie. Heterosminthus lanzhouensis sp. nov. (V
Litodonomys huangheensis sp. nov. 11773.1, holotype), C. H. orientalis (V
(pl. M, 9~12) 10368.309, after Qiu, 1996, fig. 42E)
aff. Eumys?, Bohlin, 1946: p. 57, fig.3: 61~63.
Eucricetodon, Lindsay, 1977: p. 602.

Holotype One right m2 (IVPP V 11768.1).

Localities and horizon of holotype GL 9601B in Shangxigou of Lanzhou Basin;
late Oligocene, the middle part of the upper red mudstone of the Lower Member of
the Xianshuthe Formation.

Referred speciemns One ml (V 11768.2), 2 m2 (V 11767.1, V 11768.3) and 4
m3 (V 11767.2~3, V 11768.4~5).

Localities and horizon GL 9513C (V 11767) in Xiagou and GL 9601B (V
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11768) in Shangxigou of Lanzhou Basin; late Oligocene, the middle part of the red
mudstone of the Lower Member of the Xianshuihe Formation.

Diagnosis Same as the genus.

Etymology Huanghe, the second largest rver in China. The fossils were
collected from the Huanghe River valley.

Description ml is trapezoidal in occlusal view. The anteroconid is absent. The
protoconid and metaconid are subequal in size and opposite to each other in position.
The metalophid 1T is complete. The trigonid basin opens anteriorly. The metastylid is
distinct. The mesolophid is weak, short and oblique antero—buccally. The compressed
hypoconid extends antero—buccally. The ectolophid extends from the protoconid to the
anterior arm of the hypoconid. The wide sinusid is oblique postero—lingually.

m2 is nearly rectangular in occlusal view, and longer than wide. The four main
cusps are compressed. The protoconid may be equal to or larger than the metaconid.
The anterior arm of the protoconid extends to the anterior cingulum and separates it
into two parts. The metastylid is more or less present. Four transverse lophids are
developed. The transverse metalophid and hypolophid meet the anterior arms of the
protoconid and hypoconid respectively. No posterior arm of protoconid is visible. The
entoconid and metaconid are subequal in size and close to each other in position. The
hypoconid is the largest. The ectolophid is similar to that in ml, which obliqually
extends from the protoconid to the anterior arm of the hypoconid. The mesolophid
may be very short and oblique antero—buccally (1/3) or absent (2/3). The postero-
lophid joins the hypoconid with the entoconid to close the large posterior fossettid.
The anterior fossettid is wide and transverse, but shorter than the posterior one. The
middle fossettid is the largest and has a narrow exit. The anterior sinusid is wider
than the anterior fossettid. The sinusid is large and oblique postero—lingually. m2 (L X
M): 145 x1.15, = x 1.25, 1.1 x 1.08.

m3 is triangular with round angles. The anterior part of m3 is similar to that of
m2. But the posterior part is well reduced. The ectolophid is short, extending from
the protoconid to the posterolophid. No mesolophid can be seen. The entoconid is the
smallest and the hypoconid is much smaller than the anterior two main cusps. The
hypolophid and posterolophid are usually fused into one lophid and the posterior
fossettid disappears (3/4). In V [1767.3 a vestige of the posterior fossettid surrounded
by the short hypolophid and posterolophid can be seen. m3 (L X W): 1.25x 1.19,
1.2 X 1.07, 0.95 x 0.9.

Comparison and discussion Bohlin (1946) discribed two m2 (T. b. 211 and T.
b. 580) from Taben—buluk as aff. Eumys?. Lindsay (1977, p. 602) suggested that the
four isolated teeth referred to Cricetodon and Eumys by Bohlin (1946) should be

assigned to Eucricetodon. The two m2 are similar to the m2 from Lanzhou described



1 FHEA%: TR ZMEHEOKRETRaOaRS PR D 27

here. However, the characters of the ml from Lanzhou, such as lacking anteroconid,
protoconid and metaconid being subequal in size and opposite to each other in
position, complete metalophid 11 and the form of the ectolophid, show that it belongs
to the dipodid rather than cricetid.

Among the dipodids, the cheek teeth from Lanzhou are more similar to
Allosminthus in having weakly developed mesolophid and more reduced posterior part
of m3. They differ from Allosminthus in m2 having transverse metalophid, oblique
mesolophid and lacking posterior arm of protoconid. They differ from Parasminthus,
Plesiosminthus and Sinosminthus in the cheek teeth being wider and shorter, having
simpler occlusal parttern, compressed cusps, better developed lophids, mesolophid short
or even absent, ml with higher metalophid Il and metastylid, m2 with transversc
metalophid, wide anterior fossettid and oblique ectolophid extending from protoconid
to anterior arm of hypoconid, reduced m3 with fused hypolophid and posterolophid.
The differences between the Lanzhou specimens and Heterosminthus and Protalactuge
are even more significant. It seems that they represent a new genus and species,
which is named here Litodonomys huangheensis.

Sinosminthus sp.
(pl. 11, 5)

One M1 (IVPP V 11774) from GL 9513C in Xiagou of Lanzhou Basin is
similar to that of S. imapertus in having double metaloph, complete mesoloph,
posteriorly oblique metaloph joining posteroloph, and symmetric sinus. It differs from
S. inapertus in the main cusps and metaloph being slender and protocone having

postero—lingual crest.

2 Discussion

2.1 The age of the lower red mudstone

The dipodids were collected from five localities of the lower red mudstone: GL
9513A, B, C of Xiagou and GL 9601A and B of Shangxigou, Lanzhou Basin.
Stratigraphically all these five localities are situated in the middle part of the lower
red mudstone. The dipodids include 8 species of 4 genera. Among them 4 species
(Parasminthus asiae—centralis, P. tangingoli, P. parvulus, and Heterosminthus
lanzhouensis sp. nov.) are common to all the five localities and Taben—buluk. As in
Taben—buluk, all the M1/ 2 of the three species of Parasminthus from Lanzhou has
four roots. Litodonomys huangheensis gen. et sp. nov. found from GL 9513C and
GL 9601B occurs also in Taben—buluk. It seems that the middle part of the lower red
beds bearing the dipodids in Xiagou (GL 9513A, B, C) and Shangxigou (GL 9601A,
B) of the Lanzhou Basin is cquivalent to that of Taben—buluk in age. It is of late

Oligocene.
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2.2 The relationships among the Paleogene dipodids

Character argumentation The following analysis of the characters is based
exclusively on the dentition. Major literature sources of data come from: Bohiln (1946),
Green (1977), Huguency & Vianey—Liaud (1980), Wang (1985), Huang (1992), Qiu
(1996), and Tong (1997).

1) Mesoloph of MI1/2: absent or weak (0), short (1), long (2);

2) Entoloph on M1/2: incomplete (0), complete (1);

3) Posterior concavity between hypocone and posteroloph on M1/ 2: absent (0),
present but weak (1), well developed and with a lingual part of the posterior
cingulum (2);

4) Number of root on M1/2: three (0), three or four (1), four (2);

5) Posterior arm of protocone on M1/ 2: absent or weak (0), well developed (1);

6) Anterior arm of protocone on MI: joining paracone (0), short and separated
from paracone and parastyle (1), long and joining parastyle (2);

7) Protoloph II on MI: absent (0), incomplete (1), complete (2);

8) Metaloph on Ml1: absent or weak (0), joining anterior arm of hypocone (1),
joining hypocone (2), joining posterior arm of hypocone ot posteroloph (3);

9) On M2 only protoloph I present (0), Protoloph I present and protoloph II
variable (1), both protoloph I and II present (2), only protoloph II present, and
anterior arm of protocone separated from paracone and extending antero—buccally (3);

10) Metaloph on M2: joining hypocone or its anterior arm (0), joining posterior
arm of hypocone;

11) Mesolophid on ml1/2: absent or weak (0), middle (1), long(2);

12) Ectolophid on ml: weak or absent (0), complete and straight (1), complete
and bend (2);

13) Ectolophid on m2: weak or absent (0), complete and joining protoconid (1),
complete and joining posterior arm of protoconid (2);

14) Metalophid I on m2/3: weak or absent (0), complete, transverse and joining
anterior arm of protoconid (1), complete, oblique anterobuccally and joining
anteroconid;

15) Hypolophid on m3: absent(0), present(1);

16) Main cusps on molars: not alternate (0), alternate (1);

17) Longitudinal groove on upper incisor: absent (0), present (1).

Phylogenetic analysis = The terminal taxa are genera with the exception of
Parasminthus, which is represented by three species (P. asiae—centralis, P. tangingoli
and P. parvulus). We do not include Blentosomys dasikerkos, Aksyiromys dalos and
Ulkenulastomys abrotos from the Obayla Svita in Zaysan Basin, which were referred

by Shevyreva (1984) to ?Phiomyidae, or to family indet. of Myomorpha respectively,



1 TAEAS%: Hl 2N UK P4 T B 08 5 T i Bk Ak A 29

later to the Dipodidae by Mckenna and Bell (1997), because of the fragmentary
nature of the specimens. Litodonomys is not included in our analysis because of its

uncertain taxonomic position.

Table 4 Data Matrix of Paleogene dipodids (Question marks indicate missing data)

Taxa Characters

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Primisminthus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Banyuesminthus 1 0 0 0 0 0 1 2 0 0 0 1 1 0 0 0 0
Allosminthus 1 1 0 0 1 0 0 1 0 0 0 1 1 0 1 0 0
Sinosminthus 2 1 0 0 1 0 2 3 2 0 1 1 1 1 1 0 0
Heosminthus 2 1 0 0 1 1 2 2 1 0 2 1 1 1 1 0 0
Plesiosminthus 2 l 0 0 1 2 2 2 1 0 2 1 1 ! 1 0 |
Pa. parvulus 2 1 0 1 1 2 2 2 0 0 2 1 1 1t 1 0 0
Pa. tangingoli’ 2 L 1L L 1 2 2 3 2 0 2 1 1 1t 1 0 0
Pa. asiae—centralis 2 | 1 1 1 2 2 3 2 0 2 1 1 t 1 0 0
Gobiosminthus 2 1 1 0 1 2 2 3 3 1 ? ? ? ? ? 0 ?
Shamosminthus 1 | 2 2 | 2 2 3 3 0 ? ? ? ? ? 0 ?
Heterosminthus 2 1 2 2 1 2 2 3 3 0 2 2 2 2 1 1 0
Protalactaga 2 1 1 2 1 2 2 3 3 0 2 1 2 2 1 1 0

* Pa. : Parasminthus

Table 4 shows the data matrix of the Paleogene dipodids. A total of 13 taxa and
17 characters are used in calculation. The data were analyzed using the PAUP 3.1.1.
Many of the characters have multistates (a total of 46 states). All characters are
ordered and unweighted. The character optimization is applied using accelerated
transformation (ACCETRAN). Branch and Bound search yielded two equal most
parsimonious trees. Each tree has the following properties: tree length=238; consistency
index (CI) =0.789; Homoplasy index (HI)= 0.211; CI excluding uninformative chara-
cters = 0.778; HI excluding uninformative characters =0.222; Rentention index (RI) =
0.857; Rescaled consistency index (RC) = 0.677. The two trees differ only in the
positions of Shamosminthus and Protalactaga. The result of the phylogenetic analysis
is shown in fig.3.

The ecarliest known depodids may be Blentosomys dasikerkos, Aksyiromys dalos
and Ulkenulastomys abrotos from the Obayla Svita. It is difficult to assess their
relationships with other dipodids because they are based on single isolated teeth. As
for the age of the Obayla Svita, it was suggested as early Eocene (Shevyreva, 1984,
McKenna and Bell, 1997) or middle Eocene (Tong and Wang, 1981; Russell and Zhai,
1987). Based on the mammalian fauna from the Obayla Svita we agree with Tong
and Wang (1981) in that the Obayla Svita may be equivalent to the Arshantan,
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Fig.3 Cladogram of Paleogene dipodids generated by Branch and Bound search of PAUP 3.1.1

Pa.: Parasminthus; bold: parallel transformation; italic: reversed transformation

earlier than the Irdinmanhan, in age and is of early middle Focene. Thus, the
dipodids are known to appear first in the early middle Eocene.

Tong (1997) described three dipodid taxa from the Middle Eocene of Yuanqu
Basin of Shanxi Province and Liguangiao Basin of Henan Province in China: two
new genera (Primisminthus and Banyuesminthus) and cf. Sinosminthus sp. It seems to
us that Primisminthus represents the most primitive dipodid known. Banyuesminthus
may form a sister group to other dipodids. As for cf. Sinosminthus sp., as mentioned
by Tong (1997), it is quite different from Sinosminthus and its affinity with
Sinosminthus is unclear.

Wang (1985) suggested that Parasminthus might be derived from some
Sinosminthus—like forms. Tong (1997) thought that Sinosminthus was too advanced to
be the ancestor of Parasminthus, because the metaloph of M1 of Sinosminthus joining

the posteroloph or posterior arm of the hypocone might represent a more advanced
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feature than that of some Parasminthus. In fact P. parvulus has this primitive feature
as well. we agree with Tong (1995) that Sinosminthus may represent an early side
branch of the dipodids. Having compared the late Eocene and Oligocene dipodids of
Asia, we found that among the three taxa (Sinosminthus, Allosminthus and
Heosminthus) of the late Eocene only Heosminthus may represent the main stalk and
is the sister group to other later dipodids (including Heterosminthus, Protalactaga etc.).

Among the species of Parasminthus only P. asiae—centralis, P. tangingoli and P.
parvulus are better known. As discussed above, the two formers are similar to each
other in occlusal view, but the third species is different from the two formers. The
cladistic analysis indicates that P. parvulus may form a sister group to P.
asiae—centralis, P. tangingoli and all the later dipodids. To include P. parvulus in the
genus would inevitably make Parasminthus paraphyletic. However, it seems premature
to establish a separate genus for P. parvulus, nor is it appropriate to combine it with
Heosminthus.

As for the relationships of Parasminthus and Plesiosminthus, two major points of
view were expressed. 1) Parasminthus is a valhid genus (Bohlin, 1946, Engesser, 1979;
Hugueney and Vianey—Liaud, 1980; Wang, 1985 and Huang, 1992). 2) Parasminthus
and Plesiosminthus should be combined into one genus, Plesiosminthus (Stehlin and
Schaub, 1951; Wilson, 1960; Shevyreva, 1970; Kowalski, 1974, p. 168; Lindsay,
1977 and Li and Qiu, 1980). McKenna and Bell (1997) further lumped Schaubeumys,
Heosminthus, Parasminthus, Sinosminthus, Shamosminthus and Gobiosminthus into one
genus Plesiosminthus. Green (1977, 1992) thought Schaubeumys is a junior synonym
of Pleisiosminthus. As for the other genera, as the cladistic analysis shows (fig.3),
Plesiosminthus would be a highly polyphyletic taxon if we lump all the genera
mentioned above into this genus.

Qiu et al.  (1981) supposed that Protalactaga might have derived from
Parasminthus (P. tangingoli). Qiu (1996) suggested two lineages in the dipodids:
Parasminthus (P. parvulus)— Heterosminthus — Lophocricetus, and Parasminthus (P.
asiae—centralis)— Protalactaga—Allactaga. The Lanzhou specimens show that Heterosm-
inthus lanzhouensis may represent the transitional stage from Parasminthus to
Heterosminthus  orientalis. Heterosminthus may derive from the lineage of
Parasminthus (P. tangingoli) which has a long posterior arm of protoconid on m2.
Likewise, Protalactage may derive from Parasminthus with mesolophid, by posteriorly
shifting of mesolophid in m2. It means that both Heterosminthus and Protalactaga can
derive from the same group near Parasminthus tangingoli.

There are two major points of view as to the higher classification of the
Dipodidae: 1) Zapodidac is separated from the Dipodidac as a family (Simpson, 1945;
Wood, 1955; Schaub, 1958; Wang, 1985; Martin, 1994; Qiu, 1996; Tong, 1997); 2)
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They belong to one family Dipodidae (Ellerman, 1940; Hugueney & Vianey—Liaud,
1980; McKenna & Bell, 1997). In the first case either Parasminthus and
Heterosminthus are assigned to the Zapodidae, while Protalactaga and Allactaga to
the Dipodidaec (Simpson, 1945; Wood, 1955; Martin, 1994; Qiu, 1996), or only
Parasminthus is assigned to Zapodidae, and Heterosminthus, Protalactaga and
Allactaga 1o the Dipodidae (Schaub, 1958). It seems to us more reasonable to include
all  Parasminthus, Heterosminthus, Protalactaga and Allactaga in one family, the
Dipodidae, if both Heterosminthus and Protalactaga originated from the group near
Parasminthus tangingoli.

Originated from Asia in the early middle Eocene (or earlier?), the dipodids
diversified rapidly. Primisminthus may represent a primitive lineage ranging through
middle to late Eocene. Banyuesminthus is the sister group to other depodids. In late
Eocene  Allosminthus and  Sinosminthus may represent two side lineages and
Heosminthus may represent the main stem and forms a sister group’ to the other later
dipodids. The latter linecage ranges from late Eocene through late Oligocene. In
Oligocene this lineage diversified into several branches. One branch represented by
Plesiosminthus migrated into Europe, and then into North America. Another branch
remained in Asia, where it evolved from Parasminthus into five lineages: the genus
Parasminthus itself survived until middle Miocene; Gobiosminthus and Shamosminthus
represent two side lineages; the fourth one evolved into Heterosminthus—Lophocricetus
etc; the fifth one developed into Protalactaga—Allactaga etc.

The living dipodids are the animals well adapted to the drier grassland or
savanna habitat in the Holarctic Region. Their rich occurrence in Lanzhou Basin
shows that the paleoclimatic condition of late Oligocene of the Lanzhou area might
already be rather dry, similar to that of the recent time of this area.

3  Conclusion

1) Eight species of four genera of the dipodids are discovered in the red
mudstone of the Lower Member of the Xianshuihe Formation. The Lanzhou material
shows that Parasminthus asiae—centralis, P. tangingoli and P. parvulus are stable in
features in late Oligocene. Those from Ulantatal area represent affinis species of the
three species.

2) Originated from Asia in early middle Eocene (or earlier), the dipodids
diversified rapidly. Parasminthus, one of the most abundant and flourishing rodents in
mid-Tertiary in Asia, represents an important evolutionary stage in dipodid history.

3) The middle part of the lower red mudstone in Xiagou and Shanxigou in the
Lanzhou Basin is of late Oligocene in age.

4) At least during the late Oligocene the Lanzhou area might have established
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grassland or savanna habitat, where the dipodids highly diversified and became one of

the more flourishing rodents.
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BRRiEER (Explanations of plates)

B 1 (Plate T)
1) 9% Bl 31 15 58 11 (Occlusal view of cheek teeth of Parasminthus)
1~8. ¥R B P. rangingoli Bohlin, 1946: 1. 4 (righty P4 (V 11753.1), 2. £ (lefyMl (V 11753.3), 3. %
(efty M2 (V 11753.4), 4. & (righyM3 (V 11753.9), 5. ZE(lefty M3 (V 11755.8), 6. F (right) ml (V 11753.10),
7. ZE(lefty m2 (V 11753.12), 8. %5 (right) m3 (V 11753.14);
9~14. PIFP B P. asige—centralis Bohlin, 1946: 9. F(right) P4 (V 11750.1), 10. £ (righty Ml (V11750.2),
11. 72 (lefty M2 (V 11750.3), 12. 7 (left) ml (V 11750.4), 13. Z£ (left) m1(V 11748.1); 14. & (righy m2 (V
11748.5)
bR (scale bar) = Ilmm

BRI (Plate II)
1~4. NEIBE &, Parasminthus parvulus Bohlin, 1946: 1. A& LAUE P4~ M1 B (ventral view of right upper jaw
with P4~MI, V 11758.1), 2. £ M1~2 5@ (occlusal view of left M1~2, V 11758.2), 3. 4 M3 & i (occlusal
view of right M3, V 11758.73), 4. & T i H ml1~ 3 5 [ (occlusal view of left lower jaw with ml~3, V
11759.66);
5. FARERRER Sinosminthus sp. I M1 T (occlusal view of left M1, V 11774);
6. BIBEBAEM Parasminthus sp.1l 5 M1 & (occlusal view of right M1, V 11766.1);
7. R R Parasminthus asiae—centralis Bohlin, 1946 /£ m3 5 (occlusal view of left m3, V 11749.4);
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8. BBBAER Parasminthus sp.1 % m2 5Eifl (occlusal view of left m2, V 11765)

bR R (scale bar) = Imm (Figs.1~7 share one scale bar and fig.8 has its own scale bar)

BEAR 11T (Plate 1II)
1~8. XM FHE B GHR) Heterosminthus lanzhouensis sp. nov. itk & i (occlusal view of cheek teeth): . 7 (left)
ML (V LI772.0), 2. & (lefy M2 (V 117711}, 3. Z (lefty M2 (V 117722), 4. # (righty M2 (V 11771.2), 5. %
(lefym! ERARA (holotype, V 11773.1), 6. i (righty mt (V 11771.3), 7. £ (right) m2 (V 11769.2), 8. 7 (right)
m2 (V 11773.8);
9~ 12. B Y5 Bl (7 )8 B #0) Litodonomys huangheensis gen. et sp. nov., 15 % il (occlusal view of cheek
teeth): 9. 7 (righ) ml (V 11768.2), 10. 4 (righty m2 IE A bR 7k (holotype, V 11768.1), 11. Z (left) m2 (V
11768.3), 12. 45 (righty m3 (V 11767.2)
#rR (scale bar) = Imm
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