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AE, EFERKE ARK Al WREMRETFRE, HARAGSARART
S0 YD R ARSI L SRR B AR 2, O rPa I, B2 4500 T4

X LR BRI, RO RS WA N REEMP LAY EE T
BRI, RHRSRAKIERERM R B, WS T IR SRR KERE

—. B AR [

1985 4, rhEBLER b EHESY 5 A BT AT i A2 AR — BE SR A I A DA
F2—(FFH) /A T L EBUKH IR GG B RHERY b Z A A HER,
HBERT 5N B Archacomeryx) TN FZRRII R W . 5+ F4E R Wy ix 26 7F
VA R s A Ay o A8 =40 0F H B R B — R BB TEE L, AmslE T4 b
B KT R B AN TR TR, 1986 il FREFT SRR R £ 0 E Y A& R R X T
A, WESC T HBHERR RS L SMIAETE, JF RGBT IR B Miacis lushiensis)
- FIRIAT A5 B AR Lushilagus lohoensis) AL A (SFRESE, 1991).

YR TAEMARS LB 1987 FFJ5 MIE 10 4F BUR T 5E U, 1992
), EEM M ROBEHMK. C HERED R KOREMRFM, IR0 FH
5l NEBRITI 5 R N AR L R SRR M. B, RKEORY
SRS 1 1992 4F 5 H T # 58 K 2% (Duke University) B “Jg % 7 B & % ( Origin of
Anthropoidea) ” B %y & AT T E . H 1993 AR E WO B A AT T BN T
YE. 1994 EEE HRG S ERT - ZT el L —ERmA ToFRT51.

JUR A M A B Ve 3By, Bl SLRBE S o fhamZi iy ( B
A. B. C. D, EAiZE), KAMHBHMUBA RFEMN S Ashiie. Hid D ARARERE, C
SRR, XURBMRYNE S SWE N85 EERAAKE. A RESAT R
AR S TRAKTE, WEFEMTERERPAZ 50 KE 70 K.

T BB

1. R B (Primates)

R B R K H 35 B SR K A FEAEZ) (Prosimii) HR B R KK ORER)
(Anthropoidea) . %% 7 K247 % B Adapidae). 8 FH Omomyidae) A K HR 85
R Tarsiidae) . #5% R KB ME —AFF— BEIRFL Eosimiidae) .

A Rk

GRRHE K SIVERMER Y, 54 A8 Bk (Strepsirhines) X R # ). £
HH B RBR S E R D SR, — R0 5 BRI ( Europolemur) IR $EE, B
RAVER T HE EASK(MIV11019) #1 M2(V11020).  F34h—FlE Mk Wik ( Adapina)
f— 57 J8 Fh—— 7T S Adapoides troglodytes) . BRI (T8 i 7 1H) #1 £
GRA LR AR R G ERBA IRAR, X —FRIRRE; B R AR MEE
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AN, FBATERRZ g I LR IRAR ( Europolemur-like adapiform)”. 7 Ll Sk & —Ff
NI, R A N —BE T, BB TAE(m2-3)(V11023), BREE/NZ
A, XA LT TR, SHRFRRE, BREEERA— 1R THRBEMER &
— AL BE T IR TG R B ST A FE,

EEBER RS AR T A R RER WA KA RS, H
—, FRATIHE T & BT 25 1R T R G S A A B JE & ( Duchenean) HA( B 45 1) BB
D(E'J%?f@@zﬂ%— Mabhgarita sevensi (HERDERIER) ENTHTHREBIEMH. L

, WA EZBR Mahgarita SERIAAT, 10 18 BRI IEARR T S E R E &
#Jﬂ%ﬂ*ﬁé%?ﬁﬂ‘}?ﬂ%%?ﬂ, MIIESE T X —4 AR sh R I T s k. 5=
AR, FERBEN LN AR RN REREAEY ISR K. RRT
WALKE L LA B 219 ( Adapis, Leptadapis, Cryptadapis VA& Adapoides %), VARTHIALA
TSR RN, T B2 E L Rodiacian (HifErith) B0, H ARG E IR
E—BEAEE, LR & BRI R T 2 AT U T A2 2R B A BRI Y

FEMRER SIS, BT 5 ® A Sivaladapinae TR H 31 P& A A
ML Z 4.

B. EREEMR:

EERREREUEE AR RERPMR SR

A G E BB 3h ) 2 K IR 48R B P A — N i —— K IL K IR 8545 ( Macrotarsius
macrorhysis) . KRB ME L, B: pd (EMFRA, VI1025) LK —F ml (V11024), p4
AN, B—BBRAET ZMAE, ml BRIMSH R 5285563 Uintan R4
BB M. jepsoni B4 A4 E 5.

bR — M IR B Tarsius eocaenus), ERIbRAZE—AI8H—T
Fith(ml) (V11030), 7= H CEZE. BINEA £ ml (V11026) 1 —4 m3 (V11027),
W= ASSE, HAMHA —A m3 (VII03D) f—p3 (V11029), ¥ 8 C R K.
XA G IR SR T SRAERIRERE I KX, HAMEHIEE /D, EERER R
BAE — K B A G IR S AR A A s B L R h B AR R SR R b e i 2h . KRR
BAET PN KB, ESE T 1f £ OHR B b i 7 I b S8 R W 0 2 i 4 BRI HE B
WEARRER R, RSS2 A LR L R B b B IR SR A E R
A ] e R HERE T AT .

C. FiFmBAKE:

FA 4R, A IERE AR RER E EATR AN T — 1 3 R 258 (monophyletic) i
JE It R I A (paraphyletic)
X HEAMBEIC AR EEB T H (Anthropoidea) i — Ai‘ﬁﬂ % 5% #}( Eosimiidae) .
R 8 B BB JE( Eosimias), JBEAN R EBEIR(E. sinensis, Beard et al., 1994),

rABBE S K E AR A 4 FAE, B op4—ml B K cl, p2—3, LK m3 5
(V10591). 7§ B mZAH.

AR R T H T SRR KRS a. RE T M KE A1 TS U
Foml—2 FREMTHZ; b pd FREARMEMLSER, MGRIETTESR, FNER
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AUWEBX B RERERE; ¢ ml-2 FHRIGHEEN T R/RMd ml-2 BMH
PR NRLLR FIRANR,

B TANMARNOR B A R ml 3T AR KD IRE 7 ikl BRI R KR
PREKATE 47— 137 52 /). FHEKSHARAE M & ml -2 FREGER TR L5
RRARIELASE, PEBEEFARA R KL LA R U P& B 2-1-
3-3 p2 AR p3-—4nifEkE, MLEARNL BUKGE Y mE R K R “exodaenodont” 1
B: ml-2 BMAR FEAR, B5 VERMEESE, i FETEHM, DRTHRMESRE
HU.

Ik, HAEYE LN EARERSRRAKEOFTEDREATZEGERHE, #18
SRMSAR KL ARG R G IWETELE L. Haasnf], PEEREERETEHHE
— A EE R E, & E K ATE Parapithecidae, Oligopithecinae, Platyrrhini A1 Cata-
rrhini 2 Hf,

C PEBRARMRGEMNES R T REKERREMCRNHT M. A—MHEIEIA
MRS R KESEE TR R, PEERAERA SR R T
JREE,

FAEBE SR A & B B B R R AR IR A D b B oo o), RN I T 4R
KRR LA T BN EN, BT AN &SRR KT G BT JEM KK, m L
Y P AR BB SR 0 BEBR R IR A A AR 2 D ] T I AR L N S R K
WAL E TSRS, AR X WA KR B B B AR R 2 R, SR KR
AL TR MY 1T AS 22 3E 9H 3 O] BE T R AR A AR

B2, BERKES ARG, RO T A R KA A b BT 4
Rafaf, FEMARBELERE SN EREENEZLR, URXFPADIBRHFN L
MR SIEEMBA XA, KAV IMBER( Asiomomys changbaicus) —#E, FEHK
R S EM BB E BN RR. MG IR B N B IR S8 I 22 0
RN, RELERKEMENSEBEM TR KEEC, HEFBERES
WA EM LY IR R A,

2. F% B (Marsupialia)

H BAA CARER D, BT 10 28 EFFE. XRS5 M B Asiodidelphis) F
LA 4525 Asiodidelphis-like) NPERFE R H KA., AR EG RN THEERE
IH #9759 B 5T 2E 4K /R 41 ( Aksyir Formation) B — 0 45 4% 28 2 % (Gabunia et al.,
1990) . i ’

3. N&§i5 H( Rodentia)

FOHASAREIF ERMARERZ b, HhUeRBbaErFS. BAW
CRESTEH AR S, L D AR GH G B Pappocricetodon antiquus) &
HRC MRS, &EHPOSHE, BTN EA s EIE T ¥ 91 ( Wang and
Dawson, 1994), ‘B#¢ 1117 tE i 2 AL R4 6 B P, rencunensis, B4, 1992) F§JR
H. B D SAMMEERSN, B7E A B. CHE AR PHREZHACHLEIY, 85 P

rencunensis, P. schaubi UL} Eucricetodon,
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MREeRESN, FERERALTNJLEMEA: A (Ischyromyidae), # BB Yuo-
myidae) . Hilk BB Ctenodactylidae) A K — N EHiBH K a). FEAHEEBHMEE
— AR LR B LA,

4. B H( Chiroptera)

B2OEWNNRTEHZSY AR T EEEIL D, X a MM,
5. ZiGR(Tillodontia)

EENAEBRT AT HRREGEZY ., BR—FM(B 8 CA) 5LAPHEtEE
BB EAN Kuanchuanius ( JEIWB4E, 1963) ML, iR & D S 2 BHERH A9 884 T i Y
JBF—FU/NIR SV sy, HAGWES RS g e A ( L) & B
HETE & 16 FE B ( Lofochaius brachyodus) ( & WIS, 1977) A ARLZ Ab,

6. R H( Codylarthra)

LRI K Y EFH( Hyopsodontidae) i —Fi 3B —F(M1)., XFELE 2
LR, METMN 28D, BIEHTR Hyopsodus A R BT HiErnt &% S (8
AR, 197 A RGN 2 b, FEARTME Pt K LR Y.

7. #A B (Carnivora)

HRHAWDEL, A5G R Miacidae) B8 T 17 RN B Miacis lushiensis W%,
1991). M. gracilis VA R Vulpavus sp.. D S3BRHRMATEL B4 T W EFREH R
B —— Procynoditis. MJBFEL 3 HBFEM H #H B( Uintan) .

8. A5 B (Creodonta)

i LB AR B T & 15 58 Hyaenodontidae) . # K 4 J& ( Limnocyon)
RIT D SR8, dAHESIYNEATIENPEHTHHEZE. KRBT D SHNEW
B A B Prerodon) FOR Vi B ( Hyaenodon) WAE LM AL LB M. #oh, 46 B 3
W R B — RN R RS Y.

9. &H H(Insectivora)

FENE-TREERETARREMG, ZE0F 6 M. Hb Ardynictis 1 £
WA NI, BomizEd HAEZ T MAZE M a2 Ak, HERh
R K HJE TIEF( Erinaceidae) 1%,

10. % B (Lagomorpha)

RIE BIAERKR, 7ELERNETHBPEA R, HMAKBHE, Hbf -
CRIER SRR, 1991) FoRJRLE.

11. {E#58 (Artiodactyla)

20H AR BB LY A B ERBARBB, EMTESNETH AR
Y. AWMERERNITESTMEPRENER, MASREHNE. EM50hA®L
HI T RRRE( Archaeomeryx) YWEHER, HE RFLR. ALEE2ENET Homacodontidae.,
Fobh, TE D SR P LR o] B3 A IR B 38 )8 ( Eoentelodon) 8 AE # R IR 1 A I B2
YA K —F/ N R IR Aok B, FEWEEENAO R ARSI X LR PR
BEER, #-PHRIE AU TERLENARERXERMR.

12. #iH3E( Perissodactyla)
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ZRA BT L

JIVEF} (Chalicotheriidae): Eomorpus sp.;

#H 5B Brontotheriidae) :  Microtitan mongoliensiss /NEITRE, B EE;

¥ EFH(Megafamily Tapirida): Heptodon sp.; ‘

¥ B Tapiroidea) : Helaletes mongoliensis; H. sp.;

#4111 %% B+ Rhodopagidae) :  Rhodopagus sp.;

B V5 BB B Hyracodontidae) :  Forstercooperia sp.;

PN =B Amynodontidae) :  Caenolophus sp.

JE# A+ Rhinocerotoidea) : Hyrachyus sp.;

&P Palaeotheriidae) :  — MK Ic AR HEFH,

ERKE BRI AN PR AR T @WRshiEn. ef1E L BN S
R RBEH—PIEE T EEREEROEREFRT SR HWE AR -3
.

X B AT X PR A B S — N A

FB-PREBHA FEAWEE-— FEEERFE ., ENTEERNEE AR
KB BAREE B Pygmaetitan panxianensis, #1845, 1982) M5 /N E B R IR 4%
fiE.

BB A B R BLIF ST T Franzen (1989) 4 Rk # i B 23—— 1 28 R (Pala-
eotheriidae) 4 ¥y 1 B2 Y e 7 BOBR 2K A0 B, Franzen (1989, P.104) #EW, “HF
EATES, BBt g n i R AR BRI, BT — MR8 EiRRNE
FEAE RN T &, T ERRR RN A RN, —Fal e NI i
Kerly, (HBCH KB KB A R MR B, B th A0 it S0 9 0 R ] 2
WA IR TG (Turgai Sea) FFFHY, "SATH, LB PIRFTHRBIHER PR FIE HERMEH
5 FREEE T -MESR, Bl R, TSRO 2 a8 R 35 1 AR
FLNY B — A L R B

— 4k “F.
ém =]

——y

1. FPAEBEIRA R BB L BIE T AN 3R N 1 PR R R K 2K 3 iR I T 9 A T
[ N

2. PEZRDE RS G ST H SR YE.

3. AR IR A LB AE B AL BRI AR R R = L R
VEX S AN S e

4. —2 LA S ] HRAE WAL S8 2 RIFE AR My b2 o B RIRS B, T RATE
W YH AN BRI Z 1] 4F L.

5. BB A —Le s T S

6. BT RYR LI b G BT A A R FL AR R T S R ORI, RS
S5 (R BARB R S Sl Rk Y T 2 S JERE R AR 1N [R] B o R AN A TR AR
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7. WRVHEAREN—RICAEA YRR, W WARRGHT LAY
T, AReb fh B AR B B T DA e 2% [ AR LD PP SRR SR B S Y S BRAR R L o
SE BB B Rl R S B MBS B 2 57, RSP R A R R RS R A
PR A PR, AT IR HOACEHE TG 7 M XX 5T oy Sh Bt SRR R L Y
B,

gt BN LAEMRBNIORE A REUN, el RS UM L EBUR RIS I B, 2R
PR SRR AN F B E T H L . KEREEMERE AR AS AR T
feo XA B AR AN BT TEA O B R ‘

2 X x B

W, FREAE, EISCH. 19l IHRLHSRAMANSNE L HEESYER, 34): 59— 63.

TR, 1963, PEMHBEEA. SERESDSEAL, 72): 97— 100

I, SREW, A%, 1997 REELHH LS. PESESE, RS 05 1 10.

WY, 1982 SR ARSI AWM. HAEYER, 215): 526— 533

Bk, 1992, o [ P LA B it O B2 — B R —— ML B Pappociicetodon). F¥FHESYIEAR, 30(D: 1— 16.

BAN, 198 =B AHEA YRS L. RS ERS Y S AR R T T,
“(13): 107— 115,
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The Shanghuang Mammalian Fauna, Middle Eocene of Jiangsu:
History of Discovery and Significance

Qi Tao' K. Christopher Beard® Wang Banyue' Mary R. Dawson’
Guo Jianwei' Li Chuankui' '
1 Institute of Vertebrate Paleontology and Paleoanthropology, Chinese Academy of Sciences Beijing 100044
2 Section of Vertebrate Paleontology, Camegie Museum of Natural History 4400 Forbes Avenue, Pittsburgh,
PA15213 USA

- Key words Jiangsu, Middle Eocene, Shanghuang Mammalian Fauna
Summary

A Paleogene mammalian fauna, here named the Shanghuang fauna, was discov-
ered near the village of Shanghuang, close to Liyang City, Jiangsu Province, China
(Fig.1). At present, roughly sixty species of fossil mammals have been recognized in
the Shanghuang fauna. Many of these mammal taxa are new to science, and others
represent new occurrences for the Eocene of China. Particularly well represented in
the Shanghuang fauna are micromammals (ihcluding marsupials, insectivores, rodents,
lagomorphs, primates, and bats) that have seldom if ever been found in other Eocene
Asian localities. Biostratigraphic correlations suggest that the Shanghuang fauna repre-
sents the Irdinmanhan and early Sharamurunian Land Mammal Ages and is likely to
be about 45 million years old. Ongoing study of the Shanghuang mammal fauna
promises to shed new insight into the phylogeny and historical biogeography of numer-
ous higher-level mammalian taxa. Here, we provide a history of field activities at
Shanghuang and an overview of mammalian diversity at Shanghuang.

In 1985 Mr. Lin Yipu, a paleoanthropologist at the IVPP, informed one of us
(Qi Tao) about the occurrence of fossil mammals in fissure-fillings near Shanghuang.
The presence of several isolated teeth of primitive artiodactyls similar to Archaeomeryx
in these initial collections showed that the Shanghuang fauna was Paleogene in age.
Realizing the potential significance of this, Qi Tao made plans for further field work
at Shanghuang. In 1986 Zong Guanfu and Wang Yuanqing investigated the occurrence
at Shanghuang. This field trip further confirmed that Paleogene Mammals were pres-
ent in fissure-fillings, by obtaining specimens of Miacis and Lushilagus from the fis-
sures (Qi er al., 1991). Over the course of almost a decade, the true diversity of
Paleogene mammals at Shanghuang has been demonstrated by field efforts every year
since 1987 by Qi Tao. In January, 1992 Qi Tao invited Mary Dawson and K.
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Christopher Beard to come to China and visit the locality at Shanghuang. This trip
formed the basis for collaboration between IVPP and Carnegie Museum of Natural
History on the fossil mammals from the Shanghuang fissure-fillings. Initial reports on
the fossil primates from Shanghuang were presented at a special symposium on
“Anthropoid Origins” held at Duke University in May, 1992. Joint field work by
IVPP and Carnegie Museum of Natural History paleontologists has taken place at
Shanghuang every year since 1993. In 1994 Dr. Ross MacPhee of the American
Museum of Natural History also joined the research team.

Most of fossils were obtained by washing.

All the fossils were collected from fissure fillings which were surrounded by the
limestone of Triassic Shangginglong Formation. A total of five fissure filiings were
found in Shuimushan limestone quarry of Shanhuang (i.e. fissures A, B, C, D and E).
_All the fissures are located at the bottom of the limestone face about 50 to 70m from
the top of the face to the bottom. The limestone face is constantly extending now.

The study of Shanghunag fauna is supported by Chinese NSF and NSF of the
U.S.A. We also gained enormous supporting from Jiangsu Goverment and especially
Liyang and Shanghuang goverment. Wang Qingqing, the director of the Cultural Muse-
um of Liyang, Di Fubao and Mou Jisheng took part in and promoted the field work.
We thank all units and persons above mentioned from bottom of our hearts.

1. Primates 4 '

The Shanghuang fissures have yielded abundant fossil primates, including
representatives of Adapidae, Omomyidae, the newly named basal simian family
Fosimiidae, and the earliest known Tarsiidae. Although several species of eosimiids
are known from Shanghuang, only Eosimias sinensis has been described to date (Beard
et al., 1994). The most notable characteristic of the Shanghuang primate fauna is its
surprising diversity of higher-level primate clades. In middle Eocene localities of
Eurdpe and North America, only adapids and omomyids have been recovered. The
Shanghuang primate fauna demonstrates that a much greater taxonomic diversity of
primates inhabited coastal regions of southeastern China during the middle
Eocene. This differential pattern of primate diversity on Holarctic continents suggests
that southeastern Asia was a very important theater of early primate evolution, and
may have been the site of origin for such taxa as Tarsiidae and Anthropoidea.

There are at least two species of adapids in the Shanghuang fauna, both of which
exhibit clear affinities with European taxa. Isolated molars from fissure D are very
similar to those of Europolemur, but more nearly complete fossils of this species will
be necessary to assign these specimens to Europolemur with confidence. Adapoides
troglodytes from Shanghuang fissure B is a small, basal member of the otherwise
European clade Adapina (which also includes Adapis, Leptadapis, and Cryptadapis) .
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Biogeographically, the Shanghuang adapids demonstrate that primates were able to dis-
perse across the Turgai Straits near the middle-late Eocene boundary.

Macrotarsius macrorhysis from fissure D is the only omomyid primate represented
in the Shanghuang fauna to date. Macrotarsius is otherwise known only from North
America, where it occurs in localities of Uintan and possibly younger age.

Tarsius eocaenus is represented by isolated teeth from fissures A and C. This tiny
tarsiid is smaller than any of the living species of Tarsius. It is also the oldest fossil
tarsiid currently known. \

Eosimiidae are the most common primates in each of the Shanghuang fissures.
These primates possess a combination of primitive and derived dental traits that sug-
gest they are basal members of the anthropoid radiation. In addition to FEosimias
sinensis and its close relatives, several other distinctive clades of basal anthropoids are
represented in the Shanghuang fissures. These include close relatives of Hoanghonius
stehlini and a distinctive new genus and species without lower molar paraconids,
among other taxa. Postcranial and cranial elements apparently pertaining to eosimiids
are also known from the Shanghuang fissures. Among these, a small primate petrosal
bone from Shanghuang fissure D has been described by MacPhee et al. (1995).

2. Marsupialia

More than ten cheek teeth were recognized from the matrix of fissures B and C.
The Asiadidelphis-like opossum (Didelphidae) is the first discovery of a fossil marsupial
in China. Asiadidelphis was found from the early Oligocene Aksyir Formation in
Kazakhstan (Gabunia et al., 1990).

3. Rodentia

A total of at least five families of rodents have been recovered from the
Shanghuang fissures. (1) Cricetidae: Cricetids widely distributed in the world.
Pappocricetodon antiquus from fissure D is the oldest and most primitive known
cricetid, and it suggests that the origin of the Cricetidae occurred in Asia (Wang and
Dawson, 1994).  Pappocricetodon — antiquus is slightly more primitive than
Pappocricetodon rencunensis from the Yuanqu Basin, Shanxi Province (Tong, 1992). In
addition to P. antiquus, slightly more derived taxa of cricetids occur in fissures A, B.
C and E at. Shanghuang. These species include P. rencunensis, P. schaubi. and
Eucricetodon. ‘

Besides cricetids there are still several families (or superfamilies) of rodents found
in Shanghuang: Ischyromyidae, Yuomyidae, Ctenodactylidae and a new family. The
Ischyromyidae from Shanghuang, including a new genus and several other taxa, are
being described by Wang and Dawson.

4. Chiroptera
At least two species of microchiropteran bats are represented in the Shanghuang
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mammalian fauna, -but these have yet to be studied in detail.
5. Tillodontia

Two species of tillodonts are present in the Shanghuang fissures. The larger of
these, represented by isolated teeth from fissures B and C, resembles Kuanchuanius
(Chow, 1963) from the early middle Eocene Guanzhuang Formation, Shangdong Prov-
ince. The smaller species, represented by isolated teeth from fissure D, bears some.
resemblances with Lofochaius brachyodus (Zhou et al., 1977) from the Paleocene
Lofochai Formation (Shanghu Member), Guangdong Province.
6. Condylarthra

Only one M1 from fissure D represents the Hyopsodontidae, which were very
common during the Eocene in North America, but were very rare in Asia. Early
Eocene specimens of Hyopsodus have been reported from the Turfan Basin, Xinjiang
(Zhai, 1978) and Naran Bulak, Mongolia (Dashzeveg, 1977). The Shanghuang record
is the first middie Eocene hyopsodontid from Asia.
7. Carnivora

Two families have been recovered from the Shanghuang fissures. Miacids are
represented by Miacis lushiensis (Qi et al., 1991), Miacis gracilis and Vulpavus sp.
Isolated teeth from fissure D belong to the primitive canid genus Procynodictis. To our
knowledge, the earliest member of the Canidae appeared 'in the Uintan of North
America. '
8. Creodonta

All of the Shanghuang specimens belong to the Hyaenodontidae. Specimens of
Limnocyon have been recovered from fissure D. This genus was previously known only
from the middle Eocene of North America. Prerodon and Hyaenodon have also been re-
covered from fissure D, but these genera were previously known from both Asia and
North America. An additional small hyaenodontid is known from fissure B.
9. Insectivora

Fossil insectivores have been found in every fissure at Shanghuang. At least 6
species are represented. The discovery of Ardynictis in fissure D is interesting, because
it was found in early Oligocene beds in Mongolia and Nei Mongol (Inner Mongolia)
in the past. Numerous other insectivores are represented in the Shanghuang
fissures, including erinaceids.
10. Lagomorpha

A lagomorph more primitive than Lushilagus is abundantly represented in the
Shanghuang fissure-fillings.
11. Artiodactyla

At least four families of artiodactyls have been recovered from the Shanghuang
fissures, where they are the most abundant large mammals. Two artiodactyls (both
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apparently new at the genus level) are especially abundant in all of the Shanghuang
fissures: one is close to (but more primitive than) Archaeomeryx; the other may repre-
sent the family Homacodontidae. A very primitive entelodont, perhaps referable to
Eoentelodon, and a small, pri'mitive anthracothere are represented by isolated tecth
from fissure D. The Shanghuang entelodont and anthracothere are both early records
for these families, and further study of these fossils may shed light on the origin of
Entelodontidae and Anthracotheriidae.

12. Perissodactyla

There are many kinds of perissodactyls collected from Shanghuang fissures:

Chalicotheriidae: Eomorpus sp.;

Brontotheriidae: Microtitan mongoliensis; Nanotitan shanghuangensis gen. et sp.

nov.;

Tapirida (Megafamily): Heptodon sp.;

Tapiroidea: Helaletes mongliensis; Helaletes sp.;

Rhodopagidae: Rhodopagus sp.;

Hyracodontidae: Forstercooperia sp.;

Amynodontidae: Caenolophus sp.;

Rhinocerotoidea: Hyrachyus sp.;

Palaeotheriidae: an undescribed new genus and species.

Most of these taxa first appear in Asia in the middle Eocene Irdin Manha fauna
of Nei Mongol, and their presence in the Shanghuang fissures further corroborates the
view that the Shanghuang fissures are at least partly correlative with the Irdinmanhan
Land Mammal Age.

Two of the Shanghuang perissodactyls deserve further comments here.

The first of these is the smallest brontothere yet discovered, Nanotitan shanghua-
ngensis (Qi and Beard, in press). Its cheek teeth are much smaller than those of early
Oligocene Pygmaetitan panxianensis (Miao, 1982) from near Shinao Vallage, Panxian
County, Guizhou Province. Indeed, some of the teeth originally referred to this genus
as milk teeth resemble- those of Nawotitan in size, but some differences in dental
morphology remain.

The discovery of a primitive palaeothere at Shanghuang confirms one of Franzen’s
(1989) hypotheses regarding the biogeographic origin and subsequent dispersal
routes of the Palaeotheriidae. Franzen (1989, p.104) suggested that “Since they appear
suddenly in Europe at the turnover from middle to late Eocene, the question arises of
where the paleotheres originally came from, palaeogeographically as well as
phylogenetically. One possibility is that they immigrated from Asia, but no related
taxon has ever been discovered from that continent. During the whole Paleocene and
Eocene, Asia was isolated from Europe by the Turgai Sea.” However, the discovery
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of a primitive palaeothere in middle Eocene fissure-fillings at Shanghuang invalidates
the problems cited by Franzen for an Asian origin for palacotheres. Other aspects of
the Shanghuang mammal fauna, particularly the adapid primates, also show
biogeographic aifinities with western European middle-late Eocene faunas, suggesting
that the Turgai Straits were not an impenectrable barrier to mammalian dispersal be-
tween Asia and Europe in the middle Eocene. We also suggest that Qianohippus
magicus, which occurs in the same fauna as Pygmaetitan (Miao, 1982), is also a
palaeothere, not a hyracotheriine equid as he suggested.

Conclusions

1. The discovery of Eosimias sinensis demonstrates that early simians were present in
both Asia and Africa, so that the possibility that simians originated in Asia rather
than Africa cannot be rejected.

2. Fossil marsupials have been discovered in China for the first time.

3. Early, basal representatives of such distinctive mammalian clades as Cricetidae,
Entelodontidae, and Palacotheriidac arc represented in the Shanghuang fissures,
demonstrating that southeast Asia was an important theater of diversification of ma
jor groups of Paleogene mammals.

4. Some of the fossii mammals from Shanghuang can be used to make
biostratigraphic correlations between Asia and North America (e.g., Macrotarsius and
Hyopsodontidae) and between Asia and Europe (e.g., Adapoides and Palacotheriidae).
5. Other members of the Shanghuang mammalian fauna are endemic to Asia (e.g.,
Tarsiidae, certain rodents, and Didymoconidae).

6. The Shanghuang fissure-fillings are a distinctive and important source of data re-
garding the true diversity of fossil mammals in the middle Eocene of Asia. Major dif-
ferences between the mammalian fauna from Shanghuang and faunas of similar age in
central Asia are undoubtedly attributable to different paleoenvironmental and
taphonomic conditions.

7. Other distinctive mammal faunas from near the Pacific Coast of China, such as
the early Eocene Wutu fauna from Shandong Province and the middle Eocene
Huadian fauna from Jilin Province. also show interesting differences from faunas of
similar age in the interior of the Asian continent, suggesting that significant faunal
provincialism within Asia had developed by Paleogene time.



