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19984 4 A VERTEBRATA PALASIATICA figs.1-5

Sk #0128 (Zhangheotherium) 81155
FAT B A

WHRHE EIaE FHE FHE"?
1 PEBEREGEENYSEALHRTE dLF 100044
2 EREHFAEARTEMYE KXE 15213

WE KNG (Zhangheotherium) Z B —RFETE TR HE, HEFRERHTRE
T RES ) (Spalacotheriidae) , %F K F A E X P T EEM T AT AP ARG H—N B
AUETEHRSBRAENRALHE. KNS ERESERAHTRESLTFINERE
(sprawling) 5 P EL 37 (parasagittal) Z [, 3 & # LR E G SRS, BB BEX BT
HETE S BRI AL BERIAE T R E BN A F R P R A R,

XA KNE, AMATEES, REF AN, TRBYE. HABIVRALRT
PEESES Q91587

AR TE 2L S0, R AR IR AR B B KV W 2L 30 Y (Theria, McKenna, 1975, & XAHY
T Hopson, 1994 Y “Holothere”) K131 ¥l —E R BT A 4, 8N 8 M A8 IR N34S, U
BT (X % %5 2F i 0% B 1 M) Henkelotherium B — B B % (Krebs, 1991), MR ZE R 8 Eit iy
Vincelestes B BT 19 3k B A1 3k 5 B # (Rougier, 1993); BIMBER — M A BM “H B K"
(“pantothere”) #J 3k B (Martin, 1995). Zhangheotherium quinquecuspidens Hu et al.
(1997 ERGFA CFEMEBR G TR S HARHRFTRS VI466) A H (Li e al,
1995) BRBH TRFBET. SEMLEEHEANTENFRBEERME. HEANES
FEE A TS iGE (Hu e al, 1997). ARCHIFEMICR Zhangheotherium B 155 DA K i
. A ME BOEASRE, A EM BT R R RN BU RS BEMMBE I, FHE
RNHADIYHWAEARARFTRE. REMZEPHRBAIUNETESRENEZEREE
Zhangheotherium I LBV & FERBHF N M EE.

1 Zhangheotherium W G HIFFIE R R G B
1.1 SR (& 1)
WK 3.1.2.5/3.1.2.6. RIEBESIH HE M KB,

DHREB%ERESESHFERAE RGN E (KZ951-B1-410) MIE K A RAF LT B (49372069) % B,
AP BB NI TG EREN Y B =AF WM ILshY, S5 E® & (Kuehneotherium) S EH
PENHABLENAFEERRLRBER, M5 &2 FHEA AHHK BREL FRXNERRS H
BT MBI BRI, RGBT B SRR RMAaTLA,
W7 B B9 1997-12-09
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A1 HREKHME (V7466, ERFRA) K 5] & TR
A ZE0 M3—5 Bl m3—6, BRI B ANE A THAIAEE, SN (BEEE RO RERLT,
& 2—4 )

Fig.1 Dentition and lower jaw of Zhangheotherium quinquecuspidens (IVPP V7466, holotype)

A. left M3—5 and m3—6, labial view; B. Right dentary and dentition with little restoration,
lingual view (those crowns with dash-line are reconstructed, same in Fig.2—4)

Abbreviations: 4—D and B, L FI##4k cusps of upper molar; a—e, FEIHi#is cusps of

lower molar; ca, F X1 lower canine; cdp, 3¥72% condylar process; cop, FEARZE coronoid
process; ?f. Co, AIBENRARE BEMIE possible facet for coronoid; ?f. Sp, T #84JeAt& HME
probable facet for splenial; il—3, F 4 lower incisors; M3—5, k15 upper molars; ml—6,
T E 1 lower molars; mf, F#HAFL mandibular foramen; mg, # K% meckelian groove; ms, &R

X4 T mandibular symphysis; pl,2, FBIE 1 lower premolars

MEMRERR. I MR RENEESERENIENPAFESL, ZEEE, AATE
Bh. KE il RBEHEAWASWH L EFE. PERBALRORNESEGRE, AF
FTHAWEREE KRG, W ARADNHIE TRAZE-ROBERETYMER. 23
MRESEE, 2EE, BT, LGSR, EXEEERRE AERE, EHX

T i2. -

Zhangheotherium REWHIESHEN TRIE &, RN R, SUR, FREE, /5 &
BWAE/PMR, Tth#, p2 EEREEPRE —/PIER. LRTHERFERS.
THBENRHEL AP, m3—S5 %K, MTEHZEHE/N, mé6 B/, m2—sEERL,
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KEBRTH. ZAELE=/2~FRa b ML Crompton and Jenkins, 1968; {8 Kermack
et al., 1968 #l Crompton, 1971 KL =ZRAG AT HER. ToHIRMTER. EXRXER
Cassiliano and Clemens, 1979) B —NMNETXHHRBIBRA AT (a—c BRI a—>b R
B, RTA U a AT 5EABREE. SAFREEF, a REK, bR cRA
HaRBERZ4Z bR cRBE. ERMAIIL, a—b EHM a—cEBH YT
Crompton, 1971 Fi#REI T RIS M T FF) KM, b RF c REBHFF, F=ALFTNIFD
B, FHERBOLH, Lhd. SMFAEHELEYE (UEETERE -/ MR, BFE
BIGABRRENEH, BENRBRABEFZEHTE, AETMHEE —/MIBE LR, B
Crompton and Jenkins (1968) ¥R e RF1 d 2R, # 4T Kermack er al. (1968) Fr #R
mesial cuspule M1 FR/PR, FRTE, a—bEBFM a—cEBFRBEHH LG EMBE
B, ml M m6 5 m2—SHEEEELRMAZER. ml 86 LM c KRB, NT a REH, BEAM
STREEN=Z02Z—EH. m6 BEE/N, BEERAE, aR. b REBHEITME =N
HIE#H/NE R TE . '

CEAWEMNEN M2—SRREEEN, AR, BN AR . KEXTE.EUNE
KB ER 4(Crompton and Jenkins, 1968), REiEE. BN, E8EH ARBEIHES
WE@‘J%%WFE@J@%W%% HIBtR BFIGSMARIBTR DA, BIBFRIEHEEL B I
HHR BK: B REIER CIBBIR B HES/; B4R BRI D /M, M2 82 CIR/D, 2
B . A M3 B M5, 4R B/ BikZE /N, R CRIZER K. A B.CHl DR EEFR B
KRR JGRMEH R (Kermack e al,, 1968; Crompton, 1971). Bid: BF D ZHAH
B, K E S A M, BA/MIRE.

1.2 S%EME

Zhangheotherium % 3 ¥ i % B © B F %t & & H (Symmetrodonta) BE & #
(Spalacotheriidae) . B R F F X SR HEM LW I ERTENTAEZ=AE A=
. FMHNEEWRE Spalacotherium (Simpson, 1928; Clemens, 1963; Clemens and
Lee, 1971). Spalacotheroides (Patterson, 1955). Symmetrodontoides (Fox, 1976; Cifelli
and Madsen, 1986; Cifelli, 1990) } Spalacotheridium (Cifelli, 1990) # H,
Zhangheotherium BREH W SR EN THERE N IMGE, EMABA, T=ARE E
FREGER MEBEBHN THNREAEEESEANNE, W Spalacotherium,
Symmetrodontoides canadensis X Symmetrodontoides foxi, 8% # X 4 th # Bt %k, W
Spalacotheroides, BB J5 Bt R M 3T 8/, Zhangheotherium FE W =M B F L4518 %
I, EFH, THEMERYE RETWN a—bH a—cEH. EXEEIP, Zangheotherium
WAL Spalacotherium B AR, 5 LRKABZBAEL, EMNK c BN T a REMERG,
T=AEFR, a—cEFREREM. BT LERIE Zangheotherium 5 H At B B F
R Z 5t, Zhangheotherium 5 Spalacotherium {3 X BB T : Spalacotherium W F 5 5
AN 3+ .1.3.7, TeTA G EMA i # B L% (Simpson, 1928; Clemens, 1963).

Spalacotheriidae #J L W AUM AR A, KE RITAbRA, HABSH R, —MilH, &K
B LRSI M R Peralestes SRR T 5B ST 198 Spalacotherium MR Y 5 4, B

4 Peralestes longirostris B Y3 A Spalacotherium tricuspidens (Simpson, 1928; Clemens,
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1963; Cassiliano and Clemens, 1979). Zhangheotherium &) £ E &5 Peralestes (I HH
L, WE B X H EELET Peralestes B LB KKK 3.7 (Clemens, 1963), B E AR M
HENRBL. Zhangheotherium 5 Peralestes (L 15%) & Spalacotherium (T V55 # 8 Fy H:
W, W W EM S HRMETH N B L IE Paterson (1956) ¥ =B EH EH T A
Spalacotheroides bridwelli. Zhangheotherium & Spalacotherium ¥ £ 5 MM HEIZ
HERT R, AW EREK, mBMRH L. 5FE/DOKAR BRI D, FhRIF/NEIHEER
BEEREAER); AEZLTET Spalacotheroides bridwelli ¥ EEA Y HIZR BRI D
B Ja ik 4 518 A S i F HBER /N R, Patterson  (1956) #R 2 A HT MR A S B4R, X 1E
Zhangheotherium B Peralestes ¥ + A L R B AW, X =M LT BB R F
Spalacotheroides {1y F %€ [A]. Bt 5h, Fox (1984) ¥ MM L F 6 A .S)zrhmetrodontoides
canadensis ¥ LAY, EMNSMA=ZBW LAEHEARR, WEMM e ERERN, %
BRATRE, HFMERK, HATREE LXK SMUME B DAKRE, MEE=AEZN
FEREE - MBRILE R, FAFIEMAER. HHE, XA ELAKE)3
A Spalacotheroides bridwelli ) E A E R, FEER. FHZIIWAE. EHRKX
(parastylar and metastylar areas), % 5 2 #8 & & KR & ¥ B 5R. Symmetrodontoides
canadensis B AR ME, H e 1t BT, B b LTI MR U R T RSB B AE
AR LT XE EAKET Y, W& &R (Dryolestidae). It 5,
Sigogneau-Russell  (1991) X — & L F & 3L — ¥ )& Microderson, X & Wl 593 A
Spalacotheroides bridwelli B £ F %R .

Cifelli (1990) ¥ & B 7= T BT 2 Los Alamitos 4 & Grosbertherium (Bonaparte,
1986) H fE J& Spalacotheriidae FI A 5. 7 5t, Bonaparte (1990) ;[ 28 Brandonia fE R
ZRHTERRA. XWBM T (THEEHE Mesungulatum, V. Bonaparte, 1986) 5 Jt. X Bk
A spalacotheriids H{l Z b 7E T B A B, HEMK LF (5B A K K4 Kk
B LET—-BBRE.ZAEFRAE - NKN KR, 5 Znangheotherium. Peralestes &
Spalacotheroides ) FAREMNE E. XILNBEAIRER R ERH ML WK,

' Zhangheotherium M Spalacotheriidae B J Al & B — 4, £, TH & T E&EIE, B&/D
F KB (Symmetrodontoides canadensis B5M). BT T E G ICH R, B4 6 E2F B A M
TARREIBRS, XS E T 85606k E, 865 U4 A %5 (Cifelli and
Madson, 1986). Zhangheotherium TR E /AR E, BWUIFE AR5, Spalacotheriidae
ERTANLEMREFESAERRAGFER L ARUNIMER I EN EHESE
5} A 4% 2% (Crompton and Kielan-Jaworowska, 1978) 8 FE IR AL B Ml L E M T 5%
T,

Symmetrodonta B Simpson (1925) #l, fIZ ER EHE IE=REEH
(Triconodonta) X #7 # H (Pantotheria) K B R4 X ¥, EEBETHERARRE,
BAMHKH—KXPFERWBHANY. X, ZHAEEH Kuehneotheriidae, Tinodontidae.
Amphidontidae & Spalacotheriidae 3% #E 4 (Cassiliano and Clemens, 1979; Fox, 1985;
{B Prothero, 1981 B&4). Kuehneotheriidae X Tinodontidae B A AR BT E P B X
H %5 i #H B R A (Crompton and Jenkins, 1967; Crompton, 1971), ZE & KR LT H
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#B i & (Crompton and Jenkins, 1968; Hopson, 1994). Amphidontidac #f ¥ # 2>, f{ F&
THRHETRAM— A4 X (Cassiliano and Clemens, 1979). Spalacotheriidae &
Symmetrodonta #J X #, T AR, EW R IR B X 8 — M1k X. Bonaparte
(1986, 1990) ¥ —semg X B EH MM BIIAXNGEE, XEEEMGEXN AN
HEHBBA—PREER,ATERRTEHELFENTRRERXEN S . BIEE
FEXRERIUK R kT i *f 15 8 2 (Datta, 1981; Yadagiri, 1984, 1985), B ERH. 5
Kuehneotheriidae 3%, tob, 78 30 3E M BR M L  x ih 8 28 & B (Krebs, 1985; Krusat,
1989; Sigogneau-Russell, 1989, 1991). ' Atlasondon b F =4 F A — R HH
% (Sigogneau—Russell, 1991). MILA HIPERE, 3 15 8 K b AUBS HE R, OB AM 6 ), 8
REETELERIWERLAH. UEEATELARULES TARBEARENE TR
B ART EPEABEHEAN -, KEENMTEERFE S EELN EER
RERICERIAYREN L (ES), BRANBGEERRE—NERLH. HNRAEE
A B [ B Spalacotheroides. Symmetrodontoides B Microderson 81 & # L F,
Zhangheotherium BT ALK Spalacotheriidae MR AT BB R T — M EEH M/ T KRR KT
HEROEH B FERERNAREHE,

2 Zhangheotherium W

2.1 K. B R ATERHE (K 2
—4)

KT Zhangheotherium WikJ5
B, EL2AS T HBHER, £

EHRAAXHZDHUEHAT
B2 HARIAE V7466, EAbRA) W3 A0, AR RRRFSHH (Hu et al, 1997).
CERWERMR, AR RN, & 85 kainaty X B RADH ¥ 8 1 3E Zhanghe-
RIERRBERELH, K 3,4 F) otherium &) I % . J8 7 X #i B, I
Fig. 2 Sternal apparatus and shoulder girdle of PRI EHBKESEWMBEIHE
Zhangheotherium quinquecuspidens (IVPP V7466, holotype) % pfy — b4 fF, W Mg W&,
in ventral view (left scapula in intermal view, right V7466 K B FSSHE LA AL,
scapula in lateral view. Bones are drawn as preserved B AT A ] BR L ok LA M.

and exposed in the specimen, same in Figs.3 and 4)

Abbreviations: aa, #iF & 8 /8 & X ¥ M articular
surface of clavicle for acromion; ac, /8 ¥ acromion; Cl,
81 ‘F clavicle; cp, % M % coracoid process; gl, A H
glenoid of scapula; Ic, [ & & interclavicle; if, X T &
infraspinous fossa; ks, Hi% 2€ keel of sternum; Sc, HIF&
Scapula; sf,X] I % supraspinous fossa; sp, /& J% X spine of

scapula; St F&H sternum

Zhangheotherium B [8] 84 &
(B2RELLEAKRNEE =/
¥, WA IR T A 1 e E
RIBRTER, 2. A AMU R I &
A-THEAYRTANRKRE,
58 EMRTUESHNXT.
FEWMEN R AT, SF
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S0 ih s EIR, o BUAR, BRI R K, SMBISR G X T 2 R, 5 & B9 R 0 AL
AEHEY. ARG E#HS, HRRKENEE, §% T H; BIFXEE R E 2
BREEALE=Z4Z )R TE@ALEEZ4Z)FRLS, ARK&S8®, Higfas+
SEL., FASHEERZEE —WHEMIH, MR ZIRMEISI Y. FEKR LR
R, i[5 8 AR oy 10, M xd TR IR R A . 5% E RN E BRI R
B, R ARRS, SRRERAEKAE.

Zhangheotherium W BEE (B 3) BRI BERMBER, 2E8E, KA - RFHEE
M,EEMAMNRERER XYEH-—EEHBAIREHANE. BREHRMED, XN
(Y HBBAR. REENERBENERNSRETHE—/DYAE. BEANE—
MIEEERE-EEH—PMMEASEELREMREBAXY, ZMETHE TR
RBRERELMORELTEAES. REEWRME, A /AMUSARULBRERRE. R
F T i ER A, mRXYER L, SRETFAR 70°3%A, HIMUE —-BHHER.
B (E3)ERA—EREN XN E, SHEE LAREFHAEXY, K& IAZX M.
BEEREESREEREE, e T rEnE KRR REARRE TR, T
WEFE AN —HMMKERIEE, RAHENER,

B3 HRKFG (VI466, ERRE)HZE (A). A (B) MELE RBERF
Fig.3 Left (A) and right (B) humerus, radius and ulna of Zhangheotherium quinquecuspidens
(IVPP V7466, holotype)

Abbreviations: dc, J§ = i ¥ deltopectoral crest; ec, b b 88 ectepicondyle; en, P L3
entepicondyle; enf, W _E# 7L entepicondylar foramen; gt, K& greater wbercle; H, B H humerus;
hh, BB 3k humeral head; ig, 25 [} ¥ intertubercular groove; lt, /N5 lesser tubercle; op, %
% olecranon process; R, $3F radius; rc, $3E#R radial condyle; m, 3% M wochlear notch; tr, ¥
% trochlea; U, R& ulna; uc, R & # unlar condyle; 1, R‘E L##E kK /DX H articular
surface on ulna for articular circumference of the radius; 2, R'-B L5 R-EHRAME XTI/
H % wing-like process articulating with the medial aspect of ulnar condyle; 3,/ % % ¥ |

articular circumference of the radial head

Zhangheotherium Z/LE LRBEE (F 4). REEEEBR, AKX, I RKOBEF,
R FREBTHIMU. ERMAE =R, ASARRKKAIZAFT. ARBAARE. ZAFE
Za, GREAXT ARBRENFTE, ARBARKFE, BESHEEMXT. M
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NELHURBEE, BN RRIBRE, LRE.DNBABRNKREHE. BREESN
BN, ARMFIhBRRE, ERSZABMARE XY, fTEEE VAV R
BEE, f¥w5HRE X, fRER L AEABTED, NATFHRE, IS5 HREH
X HBEER L RSABFTRER=ATE, BRR, 5AREMAE ZLLE —/MERL, RiF
REREHAREE), IREF L PREEZAR. ATHARE. ARE. AZATAIE
AFZHE, ERMTIEHERER. BRESEMT. EWH M L RF 55050 H R
fof ) 5 B 2 K B 9 3 SR 4Y, TS Q0 B A B ) A B 4% T A T B T B AR A TR

B4 HRKME(V7466, ERBE)NET, BR
Fig.4 Right hand of Zhangheotherium quinquecuspidens (IVPP V7466, holotype), dorsal view
Abbreviations: Ce, F & centrale; Ct, kiRE capitatum; Ha, #4R & hamatum; Lu, AR T
lunatum; Mcl —V, % & I—V Metacarpal [—V; Mph, F B 3§ middle phalange; Pi, HE &
pisiform; ?Pp, Pl §E N E{# 5 F B A possible fragment of prepollex; Pph, 3T %45 ¥ & proximal
phalange; R, #2# radius; Sd, A iR & scaphoideum; Td, /% £ & trapezoideum; Tm, K £ i &
trapezium; Tph. Z¥w$E 17 H terminal phalange; Tq, =& trigquetrum; U, K& ulna

Zhangheotherium W EF (B OKEXKFIM>IV> 1> V> 1 HPEEFI—IVK
BEREE, MR b i — B, MR T ali e 8 1A Vmss mRan, KSR, A% g
I —26, 25 TRM, 28 1 WIERAAMES VKRR K, FMHR 7 mds
AEEE I-IVE/PMAE. BREAFHTESII, HAREYE=ZTEE@E 4. k¥
BERMRR MESH, £ERNR. H&WiEEngmmt, i, 2enRE
M, EEAEEFZRRENHEEZANXTEHYT BIITHHEBEE.

22 HIEB®

Zhangheotherium W) BE B 70 it BR AR AE 2 [ 3R Hr Au B 2%, SOBk B & A9 AT B S e W 7L
YR HB PR S B, Zhangheotherium XA B E T BRWEHEW. HEPXH
HRRUSHENEEMRTE, W8 EXEH W H#HS % Jenkins and Weijs, 1979;
Kielan—Jaworowska and Gambaryan, 1994; Rowe, 1988). B &M &%k, & FBibt
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B & I morganucodontids 1 8. f. 38 #t 4 (Jenkins and Parrington,1976). {HH M35 #H R &
EHIAS YRR L FBRAE, TERBBFIAMLEE b, T RS MK M E%
e, A RLER 43 B AR B B A B9 B BF (Klima, 1987, Krebs, 1991; Rougier, 1993). 5#4,
KE KK EB1E (Klima, 1973)# L6, Zhangheotherium W B8 H B 24 4B (Hu ef al.,
1997, fig.3). [ B, B # & [ F morganucodontids & T F & & 8 & (Jenkins and
Parrington, 1976). Zhangheotherium B1BiEMEREXEBERHEN R NS ERIGE
R (Sereno and McKenna, 1995). Zhangheotherium ¥ B8 FH SRR IFH g5
W 2L 3h Y B AR AHAE (Hu et al., 1997).

Gambaryan and Kielan—Jaworowska (1997)J3 T 2 %, F AR FIEHIL D
o, sh & BAED (sprawling) i B B 2 % X 51 T W W B 3L (parasagittal, B % 5 4K F % IR @ F
WA ERN =S E—REXT IR B (MIEBER); LB ER/NST I
REWREAER); BEETEBER (MER). MLAEHES, ENRYHEERE
B R, B Z XM A% HEERENBAKET (X5 Sereno and McKenna, 1995
B AXN), IHEMNEBESZHEENERL . BRI 30T R
(Jenkins and Parrington, 1976; Jenkins and Schaff, 1988; Kielan—Jaworowska and
Gambaryan, 1994; Pridmore, 1985), St R4 8238 (B A S PI K. FBFKSE) B w7 B
MWW EIL. Zhangheotherium WIBE—RE X HBER, URBEBRER XY B R IREA
B 5% (30°), BB KA WHET /NG (Hu et al, 1997 RASTHIFR D, XEHIRE
Bk A et K B B R AT RBGSNREN R AW AR ZE., HREBEN
A 1] & B A B B AR A AR W) — P T AT B, X R BT Ak S R I IE (Jenkins, 1973).
LR EAZHAENBEL AR, FHS) W] R 0UE — & B E 85 & (Jenkins, 1971),
Zhangheotherium W I BN B TR SE g 41 R 22, vT AR FE 41 B B R B A1 B ST BY AT A 2 (8]
Byad JERA, &9t B 2B BT BCA A 8 B SMNB B9 (Kielan—Jaworowska and Gambaryan,
1994), G N E R H L (Sereno and McKenna, 1995), ¥ HA B i R gEE N
SH. WA, Zhangheotherium WIBIE WM RER HIE BN X7, BB M S AT AL L BB N S0HF
# 3h 3 % 3, FAT B KR B 89 3E 3h 88 #0178 B X morganucodontids 1 B L 2 T 3R K
(Jenkins and Parrington, 1976). £ B E XMW AT R B XK E 318 57 (Meng and
Miao, 1992; Sereno and McKenna, 1995).
23 WHEIH

W 22 3 Yy B R A T B R A 1 1 BB R Bk 3 ) 49 M B > ¥ (Haines, 1958; Macleod
and Rose, 1993). 5 UtAH 312130 Y 2 & WA E T R K B 8 2 AR R X T (Krebs,
1991 K B3 448 2 3C#K) . Jenkins (1974) & Jenkins and Parrington (1976) i\, ZRAk
B b E 2R3 5T morganucodontids X HE I IR MM IS W R EAUUM, ENR AL
R RS —RESR A A BRSSO RE ). SRR R N ER AL S A A
IE R (R4 A 72 b b 05 30 ) #0 BL OE (9 8 (R B b A48T 3h ) AT B 0 20 4 A2 YR A% ) R

FAERWI Y+, §iE & T HRE TR (Kielan-Jaworowska, 1977, 1978).
Zhangheotherium W B R & L 9w B X T EXCH TV H, R A 578 6B NIMESR:, ¥ EE T
BEM#?R TR EHK — 2% L% 5 &2 (Krause and Jenkins, 1983), EAEH



110 w8 K 3 W ¥ #H 36 #

morganucodontids #J Y& B K (Jenkins and Parrington, 1976). Zhangheotherium B8 & %%
HF 5 K5 Asioryctes H 8l (Kielan—Jaworowska, 1977), (B R REAH M ATBE R, EHE
MERAEEER., £5 1MV HEAIMER, BREEXTENBE. BLUT Asioryctes,
Zhangheotherium ) F 3 8 E T AR & R 2B M e 45 26 b % W & “spreizhand”
(Kiélan~Jaworowska, 1977).

- WFHGEWE, Zhangheotherium W FHEFBE T M B HRAMTTEEREK, EAR
A BEFEIMERS, FENBNESEEREH BN EE A WHER, 2 H0EH
WHEFRAE (Krebs, 1991; MacLeod and Rose, 1993). 8 BAiAN, Zhangheotherium A 2 i
BB 34, 8¢ morganucodontids —FEFRA B LML EIE SRR, AR S BHEW
B HREAE RAR A LA T TR S o

Krebs (1991) A& Henkelotherium RWHERK), HERIAMBERWHELEEWITEL;
Rougier (1993) W ¥ Vincelestes 8 7. 5 # #8 3) #; Jenkins and Schaff (1988) ¥
Gobiconodon BYEH I 31Y; Krause and Jenkins (1983)iAbdb ek A it iy — S L@ i
B R R W 308 s Kielan-Jaworowska and Gambaryan (1994) 1Ay JE 3 8 9 £ it
HERBAERABEREES, IUTREAEPHWHIALHBEEIEHFARRA—F, ™
K& R A A AR FE T FL S A R L s R TT BB R B IR K AW, Zhangheotherium Y R B 2
BEHEARREES XWEPEA, REBETX—-XRPBTLIHETE S0 R —F %,

3 45iE

Zhangheotherium Z BRI R BRI - REFROLH, HLGBERESFERE
SR IERANT MR IRIG E K FERIE S M —HEKE.

Zhangheotherium BB X E UL E WA W EHRA, RARE L FRLMARERL)
HAZHRABERBUEF BN =Y KA GEWRHRIES R ERTRAREXNE L E
MIZEZ R RS EREWH IR\ A BE XN IFEHE QR MEE M. B &R
BHHES)MERTEHII T ENEX G L, AREXHITRESEZE KR
TR Zhangheotherium X FEK H B B X B R, X FES LB T AN T2 RENEZ
BRI P ERE S EH.

HHABYHRAAETXRBAEFERPERBINYHAHAR PO ERZREZ — (Hu
et al, 1997 FIH T FEHMMHX M), F AL, MPFLWESRLARNSERELRN
fi®. Meng and Wyss (1995) %% T H o FEM K. Kielan-Jaworowska¥ (1987) 7E A
ERFLERF “reversed triangle” HAKWKNEM EBRET - MBEAEHAOMA: BAXE
XM M. Wible and Hopson (1993) % Meng and Wyss (1995) 4K /i JE R4 A g B 1L,
EMEBHELME—NER., BE—BIEEH BRI ELE RSB HKEE, I
AR BEILRERE Z I (Rowe, 1988; Sereno and McKenna, 1995; Rougier, Wible and
Hopson, 1996). ' Sereno 1 McKenna(1995) EZE# — AN E L W RTRERRK
BEHAFRMELEMRE I T (3 X Gambaryan and Kielan—Jaworowska, 1997 LA X Rougier,
Wible and Novacek, 1996 IR 3t & IL).
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ERMREASIYHRAREXR. BTHEESHMRSIN, B RS T E Mt 3T
K47 1B 5. Zhangheotherium M RHR SRR, ARIMARWAIYW EELXBRB R R
F(EABUTEENR IR EEIERE. ¥ Zuangheotherium RIFH R BRE BT
EENADNHALDIYAREREON BHNELEMHRAMNEZXFTRENR (Hu e al,
1997, Fg.5). R\EEIIM T HAEFE, xHEER N FER R HBEARCEMA Y R EH
F@ES), EXHMORAXRERT, BAXFERAEHIEM “reversed triangle” B A 45
EREELRGERNEABTEABEAKRELNIR MRERRESAHEDIERABRROR
HHFTAL (5 Sereno A McKenna, 1995 B AH) .

Tritylodontids
Morganucodontids

Gobiconodon

Monotremes
Multituberculates

i Tinodontidae
+ Amphidontidae

! Suoth American
 symmetrodonts

5 Zhangheotherium
| Spalacotherium
! Spalacotheridium
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‘:: Henke(othen'um
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Marsupials
Placentals
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Fig.5 Cladogram showing the phylogeny of mammals (modified from Hu et al, 1997) with
main taxa of symmetrodonts marked on it (with fine line)

S5xithER (BERA XN T AL TRMENMNBEY: A (BX) R EE=A"2AK; BEF
LBREFMEEERHERE: CHEREAMTHALST, TENZARNEAZATE; D.BEH,
TAKEERE ETAR=MENGEES
Derived dental and mandibular characters for nodes related to symmetrodonts (including taxa in
Box) are as follows: A.(Theria) “reversed triangular” molar; B. the dentary without trough for
postdentary elements; C. meckelian groove separated from mandibular foramen lodging in the
pterygoid fossa, trigonid of lower molar forming acute triangle; D. (Spalacotheriidae)

without talonid on lower molar; E. trigonid of lower molar more compressed

k=Bl

FREBEASEH—SHRANEM. EHPBAIUHTEHE 2L, BHMR
MEAMAENEABAEBRAN NE. IRSENERNERBREBATHRES 1
(Hahn,1993), M AT R AL TR RAMH B G A EHEZTE =LA BAXTH
THRN—BMAIRAELXBH. MBEENRAARXZTPEROEZEHRERT (Archer er al,
1985); BRI R BB R Ak =Bt KRBk T it 8 Kuehneotherium, T RFF LG & B8 &
B Bk B 8 Henkelotherium, # B 52 B 2245 B M Zhangheotherium BT BB &
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ML, XEEHRRRTFHEBRENESESABRE LRRTHELBRNFERRE,
MERBENLAE W FE EREMEBHNRARTERACRENEN., FRERE
REMBRBENS R TN BERZ —, B TR RBERR EOEE
BRRMNEFRPLAEENHEE. '
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A (KZ951-B1410) B R A KA F XA B — b BFH % £ (Theria) &R, 4544
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Zhangheotherium quinquecuspidens Hu et al., 1997 (IVPP V7466, holotype) is a
symmetrodont mammal of Jurassic-Cretaceous  transitional age. This taxon is
represented by the first skeleton known to date among all symmetrodonts: worldwide.
This material casts significant new light on the study of morphology, phylogeny and
life style of early mammals in general and therian mammals in particular (Li et al.,
1995; Hu et al., 1997). In this paper we provide a detailed description of dental and
forelimb morphologies of Zhangheotherium and discuss its systematic position, posture
and locomotion. The appendices provide a list of mammalian characters and their
distribution in Zhangheotherium and some other taxa, on which a cladistic analysis is
based and a phylogeny of mammals has been proposed (Hu er al., 1997, Fg.5).

1 Dental morphology and systematic position of Zhangheotherium

1.1 Dental morphology (Fig.1)

The dental formula is 3.1.2.5/ 3.1.2.6. All teeth are antcropostenorly longer than
wide.

All incisors and canines are conical and single — rooted. The procumbent il is
enlarged, at least twice as long and high as i2, 3. An enlarged il seems common in
Mesozoic mammals, such as multituberculates, gobiconodontids, triconodontids and
zalambdalestids. The function and morphology of this kind of enlarged conical incisors
are obviously different from the evergrowing, and chisel-like incisors of gliriform
mammals. The lower canine of Zhangheotherium is similar to but slightly larger than
i2, 3. The upper incisors are small. There is no evidence for the presence of an
enlarged upper canine. Two lower premolars are double-rooted and have laterally
compressed crown with conical cusp, small anterior and posterior basal cuspules and
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without cingulid. Upper premolars are not well-preserved on the type specimen of
Zhangheotherium quinquecuspidens.

Of the six lower molars, m3—-5 are nearly equal in size, while ml, 2 are smaller
and m6 is the smallestt The m2-5 are similar in structure. Three main cusps, a, b
and ¢ (terminology follows Crompton and Jenkins, 1968) form a nearly symmetrical
acute triangle. Cusp b and ¢ are about two—thirds as high as cusp a and cusp b is
slightly larger than cusp c¢. These conical cusps are blunt and separate from each
other with lower and weak—developed cristids a—c and a-b. Cusp b and ¢ are not
connate at their bases, so that the trigonid basin is wide open. There is also no
cingulid on both buccal and lingual sides of the crown, but some tiny swells are
present at the base of the lingual side. Each of the pre— and post-cingulids widens
lingually and terminates as a cuspule at the lingual end; the anterior and posterior
cuspules are called cusp e and d, respectively. There are abrasions on apexes of cusps,
cristids and cingulids. The ml has relatively smaller cusp b and ¢, about one third as
high as cusp a. The mé has well-developed cusp » and e, but its posterior half of
the crown is reduced.

Only left M2—5 of upper molars on IVPP V7466 can be clearly seen. They are
double-rooted and similar in crown structure. The crown is also triangular. Cusp A4 is
large, conical and dominates the crown. Cusp B and D are at the antero- and
postero—buccalof the tooth. Two weak and blunt cristae extend along the anterior and
posterior crown edge from cusp A to cusp B and D, respectively. A cusp is present
in the middle of the anterior crista and has been marked as cusp B’ by Hu et al
(1997: fig.2). The cusp C is also present on the posterior edge, between cusps 4 and
D. Cusp B'and C are blunt and conical and larger than cusp B and D. A low buccal
cingulum stretches from cusp B to cusp D, and is concave in the middle where tiny
swells are present. M3 has the typical structure for upper molar, which has a large
cusp B’ and relatively small cusp C. Cusp B’ decreases in size from M3 to MS,
while cusp C shows the opposite trend. The cusp C are small on M2, but the cusp B’
on this molar is damaged.

1.2 Systematic position

Zhangheotherium has been referred to the Spalacotheriidae of Symmetrodonta
based on the nearly symmetrical triangular arrangement of cusps on the trigonid (Hu
et al., 1997). The lower molars of Zhangheotherium have blunt trigonid cusps, weak
cristids, large cingulid cuspules, but no buccal and lingual cingulids. In contrast, those
of other spalacotheriids have trenchant cusps, well-developed cristids, small cuspules,
and complete cingulid (Spalacotherium, Symmetrodontoides  and  possibly
Spalacotheridium) or only no buccal cingulid (Spalacotheroides). The lower molars of
Zhangheotherium are similar to those of Spalacotherium and Spalacotheridium in
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having relatively widly opened trigonids, which are different from the compressed
trigonids on the lower molars of Symmetrodontoides. The lower molars of
Spalacotheroides are in an intermediate condition. Among  spalacotheriids
Zhangheotherium is most similar to Spalacotherium. However, the two genera further
differ in that Spalacotherium has a lower dental formula of 3 +.1.3.7, an enlarged and
double—tooted lower canine, and complete cingulids on lower premolars.

The fossil material of spalacotheriid upper dentition is relatively rare, and most of
them are referred specimens. Peralestes is a spalacotheriid genus based on upper
dentition (Simpson, 1928). It is similar to Zhangheotherium in- upper molar structure,
and differs from the latter in having smaller size, a different dental formula of upper
cheek teeth (3.7)(Clemens, 1963), and more trenchant cusps and cristae. The
similarities of upper molar between Zhangheotherium and Peralestes on the one hand
and those of the lower molar between Zhangheotherium and Spalacotherium on the
other support the synonymy of Peralestes to Spalacotherium (Simpson, 1928; Clemens,
1963). Patterson (1956) referred three isolated upper molars to Spalacotheroides
bridwelli. They are different from those of Zhangheotherium and Peralestes in having
hook-like parastylar and metastylar areas, thus their systematic position is questionable.
Fox (1985) described two Symmetrodontoides upper molars. Unlike those of
Zhangheotherium,  Peralestes and Spalacotheroides, they are antero— posteriorly
compressed with width larger than length, and have low cusp A4, a large stylocone,
but no cuspule on cristae. The explanation is either these teeth reflect the
specialization of spalacotheriids in late period of survival (Late Cretaceous) or they are
not spalacotheriid teeth at all. Microderson (Sigogneau—Russell, 1991) has only one
upper tooth, and it seems similar to those referred to Spalacotheroides bridwelli.

As in Spalacotherium (Peralestes) and Spalacotheroides, the upper and lower
molars in Zhangheotherium have the same width, but both are longer than wide.
Because the talonid is absent on the lower molars, the upper molars occlude into the
embrasures of the lowers. The opposite movement of upper and lower dentitions
during occlusion dominates the occlusal activity of the spalacotheriids, which is
associated with limited transverse movement as indicated by the wear striations on
lower molar of Symmetrodontoides (Cifelli and Madson, 1986). v

Symmetrodonta, as a mammalian order at the same rank of Triconodonta and
Pantotheria, was proposed by Simpson (1925b) for Mesozoic mammals with lower
molars that are basically symmetrical and lack the talonid. Recently, many authors
included Kuehneotheriidae, Tinodontidae, Amphidontidae and Spalacotheriidae in
Symmetrodonta (Cassiliano and Clemens, 1979; Fox, 1985; versus Prothero, 1981).
Among them, Kuehneotheriidae and Tinodontidae have molars of archetype for all
other therians (Crompton and Jenkins, 1967, 1968), thus they occupy basal positions
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in therian phylogeny. Amphidontidae (Simpson, 1929; Cassiliano and Clemens, 1979)
represent a primitive therian clade in which molars usually have reduced cusps.
Spalacotheriidac represents another clade of primitive therians commonly distributed in
the Laurasia. Howerever, Bonaparte (1990) and Cifelli (1990) referred some taxa from
the Late Cretaceous of Argentina to Spalacotheriidae. These taxa are similar to
Laurasian spalacotheriids in having lower molars without talonid, but their upper
molars often have a large stylocone in the center of the trigon, It is probable that
these Argentine forms are part of an archaic therian group that is phylogenetically
distant from Laurasian spalacotheriids and have their own evolutionary history in the
Gondwana landmass (Bonaparte, 1990). Bonaparte (1990) also proposed several new
symmetrodont families based on materials from the same area as those
“spalacotheriids” in Argentina. Like those referred to Spalacotheriidae, they probably
represent the primitive therian clades evolved in Gondwana landmass. Datta (1981)
and Yadagiri (1984,1985) referred some genera from Early Jurassic of India to
Symmetrodonta. The presence of symmetrodonts is also reported in Africa and Europe
(Sigogneau—Russell, 1989, 1991; Krebs, 1985; Kraust, 1989). The Order
Symmetrodonta includes 6 families 27 genera up to date, which range from
Rhaetic—Liassic to Late Cretaceous in age and are distributed on all continents except
Australia and’ Antarctica. It is mixture of basal therians and some other primitive
therians, therefore paraphyletic, and forms outgroups of modemrn therians.

2  Features of the shoulder girdle and the forelimb, posture of the
forelimbs and habit

The postcranial skeleton of Zhangheotherium has been described briefly by Hu ef
al. (1997). This paper will focus on those related to the forelimb posture and habit.

2.1 Morphology of sternal apparatus, shoulder girdle (Fig.2) and forelimb (Fig.
3,4)

The interclavicle is roughly isosceles triangle with short and broad lateral processes,
and eclongated narrow posterior process. Shallow fossae are developed on the lateral
process for reception of the proximal ends of clavicles. The interclavicle attaches to
the ventral side of the anterior sternum with its posterior process contacting the sternal
keel. The thin and broad sternum is unsegmented with posterior part expanded laterally.
Clavicle is rod-like with two ends expanded. Its convex margin directs forward. The
proximal end lodges in the fossa on the lateral process of interclavicle, forming a
mobile articulation. The distal end is thicker than the proximal one and bears a spiral
surface for contact with the acromion of scapula. The smooth surface indicates some
degree of slide between clavicle and acromion. The scapula of Zhangheotherium is of
typical .therians. Its suprasinous fossa is fully developed and as large as half of
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infraspinous fossa. The scapular blade is roughly trapezoic with straight dorsal niargin.
The scapular spine is high and thickened towards acromion. The acromion is very
thick and bent anteriorly. The glenoid is shallow, oval in outline and faces ventrally.
It seems slightly twist relative to the main plane of the scapule. It is narrow
compared with the head of humerus. The coracoid is reduced as a hook-like process
on the anterior end of the glenoid and forms the anterior margin of the glenoid.

The humerus is twisted at about 30°. The humeral head is spherical and bend
posteriorly. Both greater and lesser tubercles are prominent. The long deltopectoral
crest is thickened and extends distally to a point beyond the half of the shaft The
shaft of humerus is nearly round in cross—secion and the ectepiconlyle and
entepicondyle are prominent. The entepicondylar flange is twice as wide as the
ectepicondylar flange. A large entepicondylar foramen is located above the
entepicondyle, but no ectepicondylar foramen exists. The radial condyle is spherical
and prominent. A wide and shallow groove, regarded as the trochlear notch (Hu et al,
1997), is present medially to the radial condyle. The ulnar condyle is vestigial, but
the articﬁlar surface extends to its medial side. The olecranon process of ulna in
Zhangheotherium is bulbous and asymmetrical as that of morganucodontids (Jenkins
and Parrington, 1976). The ulnar trochlea extends at an angle of about 20° with the
shaft. A wing-like structure medial to the trochlea articulates with the medial side of
the ulnar condyle of humerus. Distomedial to the trochlea is a smooth facet for
contact with articular circumference of the radius. The ulnar shaft is laterally
compressed and has longitudinal sulci on both sides at one—third proximal part. The
shaft becomes more slender distally. The articular surface on its distal end is simply
round and possibly without styloid process. The proximal end of the radius has a
concave surface for articulation with radial condyle of the humerus. The articular
circumference on its posteromedial side is straight. Distal to the articular circumference
is a short ridge along the shaft which is possibly associated with the attachment of
the forearm flexors and the radio—ulnar interosseous ligament (Jenkins and Parrington,
1976). The radial shaft expands distally. The distal end is twice as wide as that of
the ulna. There is no evidence for the development of styloid process in the radius.

Zhangheotherium has at least nine carpi (Fig.4). The largest carpus, pisiform, is
rod-like and situated laterally to the distal end of the ulna. The proximal row is
composed of three carpi: triquetrum, lunatum and scaphoideum. The triquetrum is large,
triangular in outline and articulates with the ulna. The lunatum is small, nearly
quadrate. The scaphoideum is rectangular in outline, larger than the lunatum and
smaller than the trapezium. Both the lunatum and the scaphoideum articulate with the
radius. In the distal row, there are at least four carpi. Of them, the hamatum is the
largest and has a trapezial outline. It contacts triquetrum and lunatum proximally and
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articulates with metacarpal V and IV. The capitatum is small, nearly round, contacts
the lunatum proximally and articulates with metacarpal IIl. The trapezoideum is the
smallest of four distal carpi, roughly quadrate, contacts the centrale proximally and
articulates with metacarpal II. The trapezium is larger than the capitatum, triangular in
outline, extends proximally over the line of proximal ends of other distal carpi, and
articulates with metacarpal I and contacts metacarpal II. The centrale is the smallest
element of the carpi, roughly triangular, situated distally to the - scaphoideum and
proximally to the trapezoidum, and also contacts lunatam and capitatum. A fragment
between the scaphoideum and the trapezium is possibly a fragment of prepollex, but it
cannot be identified with any certainty. The joint between the hamatum and metacarpal
V and that between the trapezium and metacarpal I orient obliqually. The proximal
row and the distal row of the carpus, together with the centrale, form an articulation
allowing somewhat extensive flexion and extension of the manus.

The relative length of the metacarpals are III > IV > II > V > 1. Metacarpals II-TV
are subparallel, close in length and shape, with distal end wider than proximal end.
Metacarpal V is slightly longer than Metacarpal I, and the latter is only as long as
half of Metacarpal IIl. The metacarpal I is the widest among metacarpals. The
enlarged proximal end of metacarpal I protrudes medially, while that of metacarpal V
protrudes lateroproximally. The phalangeal formula of Zhangheotherium is- 2.3.3.3.3.
- Terminal phalanges are slightly compressed laterally. Their ungual processes for
supporting the claws are slightly recurved, and have well-developed extensor processes
and flexor tubercles. The proximal and middle phalanges are wider at proximal ends
than at distal ends. The articular surfaces between metacarpals and phalanges extend
dorsoventrally.

2.2 Posture of forelimbs

The morphological features of humerus and elbow joint, as well as of shoulder
girdle and sternal apparatus, are often used for reconstructing forelimb posture of an
animal. Gambaryan and Kielan—Jaworowska (1997) summarized several features that
distinguish the sprawling posture from the parasagittal one in tetrapods, especially in
primitive mammals. Generally speaking, most non-therian mammals, such as
Ornithorhynchus, morganucodontids, and triconodontids, retain the sprawling posture to
some degree, and the parasagittal posture is probably established in the common
ancestor of living therians. Zhangheotherium achieves several features characteristic of
therians with parasagittal posture, e.g. the trochlear articulation at humero—ulnar joint,
narrow intertubercular groove of the humerus, and the greater tubercles wider than
lesser one. In addition, its shoulder, bringing along the forelimb, can move and rotate
against the clavicle and sternal apparatus. However, Zhangheotherium still retains some
primitive. characters, such as twisted humerus and condylar articulation between
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humerus and ulna, which are common in known non-therian mammals having
sprawling posture. It is reasonable to conclude here that the forelimb posture in
Zhangheotherium is at a transitional stage between the sprawling and parasagittal
posture. The similar condition also exists in multituberculates.

2.3 Habit

In mammals, the morphology of the arm and hand, and even claws, is thought
to be related to their habit (Haines, 1958; MacLeod and Rose, 1991). The key issue
related to this topic is the arboreal origin of mammalian habit. Jenkins and his
colleagues (Jenkins, 1974; Jenkins and Parrington, 1976) argued that for
morganucodontids, as for living tree shrew, the differentiation of arboreal and
terrestrial habit is probably meaningless, because both arboreal and terrestrial substrates
are same uneven for such small animals,

The arms and hands of Zhangheotherium are among the best preserved specimens
of Mesozoic mammals. The smooth articulation between the ulna and radius of
Zhangheotherium allows the pronation—supination of its forearm to a degree close to
that of North American multituberculates. The arrangement of the carpal elements in
Zhangheotherium is similar to that in Asioryctes (Kielan—Jaworowska, 1977). Like
Asioryctes, Zhangheotherium has a “spreizhand” typical for living generalized
insectivores and rodents. The curvature of terminal phalanges of Zhangheotherium is
similar to that of the Late Cretaceous multituberculates (Krause and Jenkins, 1983;
Kielan-Jaworowska and Gambaryan, 1994). The hand of Zhangheotherium can' flex
and extend to a considerable extent. The pollex and the digit V are somewhat
separate from other digits, but there is no evidence supporting opposable pollex and
grasping ability. Its claws may be similar to those of living terrestrial mammals. It
seems feasible that Zhangheotherium is capable of both climbing and walking, which
is similar to morganucodontids and living small mammals, such as tree shrews, and
possibly spends more time on ground than on trees as do most insectivores and
rodents.

Krebs (1991) regarded that Henkelotherium is arboreal and suggested that
marsupials and placentals originate arboreally. Rougier (1993) reconstructed Vincelestes
as a terrestrial animal. Jenkins and Schaff (1988) thought that Gobiconodon is
terrestrial.  Krause and Jenkins (1983) believed that some Late Cretaceous
multituberculates are typical arboreal animals, while Kielan—Jaworowska and
Gambaryan (1994) insisted that their Asian relatives live on the ground. It appears
probable that the life styles of Mesozoic mammals had greatly diversified, and that the
strict arboreal and terrestrial habits have developed independently within different
mammalian lineages. Zhangheotherium, as a late member of a primitive therian lineage,
represents the tendency toward terrestrial habit in that clade.
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3 Concluding remarks

Zhangheotherium is a late member of primitive therians, which evolved before the
common ancestor of modern therians. Its dentition indicates that it belongs to a clade
that had branched off from the stock that gave rise to the moderan therians. Its
postcranial morphology suggests that many modern therian features, such as those of
shoulder girdle, humerus, elbow joint, femur and foot and even the posture, already
appeared in primitive therians, but that full developments of these features were
accomplished relatively late in therian history.

The phylogeny of high—level mammalian groups is the central topic of the study
on Mesozoic mammals, and is on vigorous debates. Meng and Wyss (1995) summed
up main ideas. The key issue is about the position of monotremes and
multituberculates, As the first taxon with complete skeleton of very primitive therians,
Zhangheotherium provides important and direct evidence for understanding phylogenetic
relationships between different mammalian groups. Using the dental, cranial and
postcranial characters of Zhangheotherium and representatives of other mammalian
groups, our analysis suggested that multituberculates is the sister group of therians and
monotremes is the sister group of both multituberculates and therians (Hu et al., 1997
Fig.5). The cladogram of Hu et al. (1997: fig.5) is modified by marking some
symmetrodont taxa on it based on dental characters and mandibular features (Fig.5).

Given that this cladogram reflects the mammalian phylogeney, Symmetrodonta is
a paraphyletic group. Removal of the questionable genera and questionable upper teeth
referred to Spalacotheroides and Symmetrodontoides, then Spalacotherium (Peralestes),
Spalacotheridium, Spalacotheroides, Symmetrodontoides, and Zhangheotherium form a
monophyletic group, Spalacotheriidae.  Spalacotheriids are distributed in northemn
continents from Late Jurassic to Late Cretaceous. They are parts of early therian
radiation before the origin of common ancestor of modern therians.

The complete skeleton of Mesozoic mammals is scarce and most skeletons only
represent the latc members of the high-level taxa. For example, the definite multi—
tuberculates are Late Jurassic in age, but the specimens of multituberculates that can
provide skeletal information only came from the deposits as young as Late Cretaceous
and Tertiary. Monotreme post crania are only known for extant taxa, but isolated teeth
have been found in the Early Cretaceous. The history of therians can be traced back
at least to Rhaetic—Liassic age, but the earliest skeletons of therian mammals are
Henkelotherium, from Late Jurassic, and Zhangheotherium, even a little later. It is
always arguable whether or to what extent these late skeletons represent the primitive
condition of the relatively high—-level taxa to which they belong.
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Appendix I. Character list of mammals
(Modified from Hu et al, 1997, Supplementary Information)

Cervical Vertebrae

1. Proatlas neural arch as separate ossification in
adults: (0) present; (1) absent.

2. Fusion of atlas neural arch and intercentrum in
adults: (0) unfused; (1) fused.

3. Atlas rib in adults: (0) present; (1) absent

4. Prezygapophysis on axis: (0) present; (1) absent.

5. Rib of axis in adults: (0) present; (1) absent.

6. Postaxial cervical mb in adults: (0) present
(1) absent.

7. Postaxial cervical transverse canal (new):(0) absent;
(1) present.

Shoulder Girdle

8. Interclavicle in adults: (0) present; (1) absent.

9. Clavicle — sternal  apparatus  joint: (0) immobile
(1) mobile.

10.Scapula —— supraspinous foss:(0) absent (acromion
extending from the dorsal border of scapula, and
positioned anterior to the glenoid); (1)weakly
developed (present only along a part of the
scapula, and acromion positioned lateral to the
glenoid; (2) fully developed and present along
the entire dorsal border of scapula.

11. Scapula —— acromion

—

process: (0)
developed, and levelled to the

weakly

glenoid;
(1) strongly developed and extending below the
glenoid.

12. Procoracoid (as a separated element in adults):
(O)present; (1) absent.

13. Coracoid:  (0) large,
(1) small, without posterior process.

14. Fusion of medial part of the embryonic scapula-
coracoid plate with the
(0) medial part of

' remaining as a separate element in adults;
(1) fused to manubrium in adults.

15.Size of the anterior—most element relative to the

sternal  apparatus in adults:

with  posterior process;

sternal  manubrium:

scapulacoracoid  plate

sternebrae  in  the
(0) large; (1) small.
16. Orientation (“facing” of the long axis) of glenoid
(relative to the plane or the axis of scapula):
(0) nearly parmallel to the long axis of scapula
and facing posterolaterally; ($))] more
perpendicular to the long axis of scapula and
facing more posteriorly. ‘
17.Shape and curvature of the glenoid: (0) oval,

elongate, and more or less saddle—shaped;
(1) more or less round in outline and uniformly
concave.

18. Convex medial surface of scapula: (0) present;
(1)absent.

Humerus

19. Humeral head: (0) subspherical, weakly inflected;
(1) spherical and strongly inflected.

20. Intertubercular groove: (0) shallow and broad;
(1) narrow and deep.

2

—

.Size of lesser tubercle: (0) wider; (1) narrower

than the greater tubercle. )

22. Torsion between the proximal and distal ends of
humerus; (0) strong (> = 30°); (1) moderate
(30°—15%); (2) = weak [Polymorphic 0/ I:
multituberculates].

23. Pectodeltoid crest: (0) not extending beyond the
midpoint of the humeral shaft; (1) extending
beyond the midpoint of the shaft.

24. Ulnar articulation on distal humerus: (0) bulbous
ulnar condyle; (1) cylindrical trochlea with
vestigial ulnar condyle; (2) cylindrical trochlea
without ulnar condyle.

25. Entepicondyle  and
(1) weak.

Lower Forelimb

26. Styloid process of radius: (0) weak; (1) strong.

Pelvic Girdle

27. Acetabular dorsal
(1) closed.

28.Size of pelvic obturator foramen: (0) smaller than
that of acetabulum; (1) equal to or larger than
that of acetabulum.

Femur )

29. Inflected head of the femur set off from the shaft
by a neck: (0) neck absent and head oriented
dorsally; (1) neck present and head spherical and
inflected medially

30. Greater  trochanter:  (0)
(1) directed dorsally.

31. Orientation ~ of lesser trochanter: (0) on medial
side of shaft; (1) on the ventromedial or ventral
side of the shaft.

32.Size of lesser trochanter: (0) large; (1) small.

33. Patellar facet (“groove”) of femur: (0) absent;

(1)shallow and weakly developed; (2)well developed.

ectepicondyle:  (0) robust;

emargination: (0) open;

directed dorsolaterally;
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Lower Hindlimb

34. Tibial malleolus and fibular styloid process:
(0) weak; (1) distinct.

35. Fibula contacting the calcaneum:
(1) absent.

Ankle Joint

36. Superposition (overlap) of the astragalus over the
calcaneum (lower ankle joint): (0) little or absent;
(1) weakly developed; (2) present.

37. Calcaneal tubercle: (0) short without terminal
swelling; (1) elongate with terminal swelling.

(0) present;

38. Peroneal process and groove of calcaneum:

(0) forming laterally directed shelf, and without a
weakly developed with
shallow groove on lateral side of process;

distinct process; (1)

(2) with a distinct peroneal process demarcated
by a deep peroneal groove at the base.

Other Postcranial Characters

39. Sesamoid bones in flexor tendons: (0) absent;
(1) present and unpaired; (2) present and paired.

40. External  pedal (tarsal) spur:  (0) absent;
(1) present.

Basicranium

41. Cranial moiety of squamosal: (0) narrow;
(1) broad.

42. Squamosal notches for quadrate and quadratejugal:
(0) present; (1) absent

43. Postglenoid depression on squamosal (=“external
auditory meatus”): (0) absent; (1) present.

44. Position of craniomandibular joint: (0) lateral to
fenestra vestibuli; (1) anterior to the level of
fenestra vestibuli.

45. Promontorium: (0) absent; (1) present, elongate
and cylindrical; (2) present, bulbous and oval
shaped.

46. Cochlea: (0) short and uncoiled; (1) elongate and
partly coiled; (2) elongate and coiled at least
360°.

47. Crista interfenestralis: (0) horizontal and extending
to base of paroccipital process; (1) vertical,
delimiting the back of the promontorium.

48. Post-tympanic recess: (0) absent; (1) present.

49. Caudal tympanic process of petrosal: (0) absent
(1) present [Polymorphic 0/ 1: multituberculates].

50. Epitympanic recess: (0) absent; (1) present.

51. Epitympanic recess flanked laterally by squamosal:
(0) absent; (1) present.

Mandible

52. Foramen for the ramus superior of the stapedial
artery: (0) laterally open notch (laterally open
pterygo—paroccipital foramen); (1) enclosed by
the petrosal; (2) enclosed between the squamosal
and the petrosal; (3) absent.

53. Meckelian groove in adults: (0) forming medial
trough or groove; (1) as weak and faint groove;
(2) absent.

54. Angular process of dentary: (0)
(1) absent [Polymorphic 0/ 1:
(0); Ornithorhynchus (1)).

55.Coronoid in adults: (0) present; (1) absent
[Polymorphic 0/ 1: (0) present in Paulchoffatiids,
and (1) absent in other multituberculates].

56.A distinct mandibular foramen for the inferior
alveolar nerve and vessels: (0) absent; (1) present.

Dentition

57. Mode of occlusion: (0) bilateral; (1) unilateral.

58. Rotation of the mandible during

"~ (0) absent; (1) moderate; (2) strong.

59. Differentiation of postcanine
premolars and molars): (0) absent; (1) present

60. Number of the postcanine roots: (0) single
(undivided); (1) divided, but no more than three
roots; (2) multiple roots (more than three).

61. Alignment of main cusps of upper postcanines:

present;
Obdurodon

occlusion:

crowns  into

(0) single longitudinal row; (1) multiple cusps in
multiple rows; (2) in reversed triangle.

62. Upper molar stylar: (0) absent; (1) present.

63. Orientation of protocristid relative to the length of
the molar: (0) longitunal orentation; (1) more
transverse (Nonapplicable: tritylodontids,
multituberculates).

64. Upper molar protocone: (0) absent; (1) present.

65. Lower molar talonid: (0) No talonid; (1) simple
talonid with a single cusp; (2) fully developed
talonid with a basin; (3)
compressed talonid basin.

antero—posteriorly

66. Wear facet on talonid (or on posterior cingulid of
absent; (1) present
tritylodontids,

the lower molar): (0)
(Non—applicable:
multituberculates).

outgroup,
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