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XRE  REEL HFH EER RAKEE

AR 2 R =

AIERT AU T B LA G2 RBE EBRNRERERIFOEERKA, B

SARKRTHNFER: SHEWCEFE, i) (Eosigale gujingensis gen. et sp. nov.) R
REBEEEGRE, HiF) (Qipania yui gen. et sp. nov.), ENTTHER K EIAHRLBR

R, EFET THEMNE, S THEERSUNEMETERSRZENARE R
BRAWAEERNBREEBMOXRARE.

WEREUM T ELZRERNWERRRA, ARTHMEHHASY fio H Simpson
(1931) IBRTHHNFEERWE—-NRIE Adnagale 5, FREBMB AT ERFGE
1o 1990—1992 £, HER B i E W 55 AT RAFEFINAELZR BB LR EH
ZFORkSE 2 B BT B P R BB R R A BB R AR A e A SCRE X KT PR R
S8, H N —8 5 2 F RAEEN TS,

AN AREEWM LR XH—H0, EBFI BRI RMBEEELENTLET
ShTAESANE, BREIREEE LB EEFTRAZTRE2AREORE R HRE,
IaE BERKUBLZETEERESIN TN IE; EoEREEXNRAPRE D
TEREL: @M EEERORESHROOBEIBIIRA REIE LR EE Hennig 86 44
AR EEBIEN; 2R LFERSHEE; BaE PR E ERFAESHRE TR
W, EEALNERIEEYIE M. C. McKenna L S5ZETRARRBHBHRIEX
W, e — 3 Bt

AT 718 2 ch E RV Be ol = 2 5 AR BRI S B U R 3RO % B (I
H4S 9011)0

2 4 M &

B Anagalida Szalay & McKenna, 1971
MWEE Anagalidae Simpson, 1931 em.
BB (H5B) Eosigale gen. nov.

BEx SHENGERE.HFL) Eosigale gujingensis gen.et sp. nov,
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Table 1 The general survey of Anagalidae

R &K R B x &
(Genus and Species) (Locality and Horizon) (Reference)
Anagale gobiensis Ulan Gochu Form. E. Oli.; Towin Oboes, Simpson G. G., 1931

Nei Mongol ' McKenna M. C., 1963
Anagalopsis Ransuensis ?01li.; Hui-hui-pu, Gansu Bohlin B., 1951

# Anaptogele wanghoensis | Wanghudung Form., E. -M. Pal.; Qianshan,| Xu Q. -Q., 1976
Anhui

sk Chianshania jianghuiensis| Wanghudung Form., E.-M. Pal.; Qianshan,| Xu Q. -Q., 1976
Anhui

# Diacronus wanghuensis Upper Mem., Wanghudung Form., M. Pal;; Xu Q. -Q., 1976
Qianshan, Anhui

Hsiuannania maguensis Shuantasi Group, L. Pal.;Xuancheng, Anhui| Xu Q. -Q., 1976

H, minor Chijiang Form., L. Pal.; Chijiang, Jiangxi| Ding S. -Y.
& Zhang Y. -P., 1979

H. tabiensis Doumu Form., L. Pal.; Qianshan, Anhui Xu Q. -Q., 1976
H. sp. Doumu Form., L. Pal.; Qianshan, Anhui Xu Q. -Q., 1976
-Huaiyangale chienshan- | Upper Mem., Wanghudung Form., M. Pal.;| Xu Q. -Q., 1976
ensis Qianshan, Anhui
cf. Huaiyangale leura Nongshan Form., L. Pal.; Nanxiong, ) Ding S. -Y.
Guangdong & Tong Y. -S., 1979
H. sp. Upper Mem., Wanghudung Form., M.Pal.;] Xu Q. -Q., 1976
Qianshan, Anhui
%k Khashanagale zofiae L. Pal.; Gashato, Mongolia Szaly F. S.
% K. sp. L. Pal.; Gashato, Mongolia & M. C. McKenna, 1971
Linnania lofoensis Shanghu Form., M. Pal.; Nanxiong, Chow M. -Z. et al., 1977
Guangdoag
L. ginglingensis Fanggou Form., E-M. Pal.; Luonan,Shaanxi| Xue X. -X., 1986

4k Stenanagale xiangensis Zaoshi Form., E. -M. Pal.; Chaling,Hunan| Wang B. -Y., 1975

sk Wanogale hedongensis Lower Mem., Wanghudung Form., E. -M.| Xu Q. -Q. 1976
Pal.; Qianshan, Anhui

Eostgale gujingensis Upper Mem., Wanghudung Form., M. Pal.;| this paper
Qianshan, Anhui

Qipania yui | Upper Mem.,Wanghudung Form., M. Pal.;| this paper
Qianshan, Anhui

i IAERHEAARESHNESITIEE. AXFE " SERFENEN 2/, B EENTERAT
5t4rF (Szalay & Li (1986) B4 Diacronus anhuiensis A AREE o
E.: Early; M.: Middle; L.: Late; Pal.: Paleocene;0li.: Oligocene;Mem.: Member; Form.: For.
mation '
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A AR/ Linnania, SOBEAS; BIBTL, AT IEA XS, ETEE, E
HIB/NTT % TRBAERAS, b A i, .

A% 32.1.4.3/3.1.430 PL/1K4R, P4/TIG2R, P/4 BREBAR; FEIGHE,
MR R, R N TRE, 5T M/1, M/2 FREHTFEAKA, BREEkE
BESE, BRALIRTE; M/3 RO R0k F SRR AR AR B, 26 T P SRR R B o

BEHEE cos-, KER T MERHEZE; ~gale K Anagale, Mo BE
R FUS 2

THELGTER . FH) Eosigale gujingensis gen. et sp. nov.
(B 1—4; EiR 1,1)

EBREE  piSe kB RA—MEN—X TEE, PERER SIS
AR RFRAGRS: V7425,
= % B AL ?ﬁ%ﬁm%ﬁ#%ﬁ%é,EPE%?%%%%‘(?EJ:E)’%O

B EHFEEGHRE. FM (V7425) L&

- Rig. 1 The skull of Eosigale gujingensis gen. et sp. nov. (V7425)
A, BB (ventral view), B. I (dorsal view)
BS: Basisphenoid ifEE; FR: Frontal F{g; JU: Jugal E[F; LA: Lacrimal
BE; MA: Maxilla [-45F; NA: Nasal #-F; PR: Premaxilla Fjfii'E; PA:
Parietal JjjF; PL: Palatine JE&
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BE HE '

Madk DAAEFHEFS w4

RMALE HARIHENER, L EHRERALH.

B REZAIRERT, BREERERS)NTRERE. LBRIK, WK
56 B G, BE AN B R, T EE X G E. RIESK, ENERE, @iy ;
X KRR » MR RE R/ NFORG ST 46 BB . KNG, B SEIRIER/NEIL, % #E ZEIRREH,
By A2 /0 T X IR B R R F o :

1. BE ANBERERF. BE8HK, PBEEHERELY 2.3mm, & P2/ L F),
AERY R, iR RR, MEHEER(ERLE ML/ L, 43.7/mm); EHE&FEH
A4 LHEE 2.4mm, R 5EEMEE,

Eosigale N8RS Anagale . Anagalopsis B9FE{L, {8 Eosigale EH BTG
AHE, LERERTS 2 G, T Anagale NFEREZ AT (Anagalopsis B FFREMIX
FIARAERTSE G /), Eosigale F1 Anagalopsis BB B Anagale BB K, !

2. BIERE  ATAERBORE. BRLE, RBUT PL/ERLEY; BREERT,
TR FLRBREF, i A Ko _

AR, Anagale WRTERE SR, BRRE, RIERNWHNRZ bo

3. LAiE WERLGETHERXNLRIBS, SHEENEERRK,Y 4.5mm, ERIE K,
FERMNo ETFEERE, HERN AT P3/-P4/ EJ. ETEE, K 6mm; K5Ok
SEL REA R, LEERE, B EREE, EEA N EML/ 5 M2/ IEBRA B, BRAE
BRAHS . REE —RAOEE, AREYEHEE, AEEL FAEZBE N ERKRE,.E
AYIRRARAE N B, MERATSMAE L8l BIRMESNAMIAE T MR, HREIHShE
HAZ AL 30 B, /MNE BB IR E R,

[A Anagale }i Anagalopsis —FE,
Eosigale B9 FARBEZR A TH B K 3
o, AEBERE, BRREE, EXK
S%EtEE, (§ Eosigale METHE L
Anagale J Anagalopsis BB XA%EHE,
HERT S AR B/ Do -

488 EESHERE. ER/D,

: A=A INRRER, SEERHEEH
0 tem ) BT, 9 BRERERT 4%, 1 A 1B 5

: o ERBA=ME, B RIBERTEE, 76
B2 HHABEGE. FHOLEEEREGEN,EEES — B3 ; =
LT BRSO AR — BRI, RKC R, 17T
Fig. 2 The reconstruction of the skull of Eosigale HEZELPERN, ERESEEN;

gujingensis gen. et sp. nov. in dorsal view withthe [ER TN FEFL R, NEEH
pwmmmHMMﬁziwhﬂdmwmgwzwi@M%mmwﬁ%ﬁﬁﬁﬁﬁg
~ BT BESS RS L g E — W
RN AT /ANGI(FL) T Anagalopsis HOFFA LA RBINMEE,
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HEHEN AEREEE, ERX, 5B EHEE, X& Eosigale 5 Anagale gyt
FRLARRR Eosigale HA—AMBL, EREEN, ERENELT(XBE Anage-
lopsis ¥§/R); Anagalopsis B’JEEW“B%&#T\%‘, Bohhn(1951) AE AR RE &
- 5BEER #.

5. BE BEREAE,.EEBE EEER,AIEMEP/-ML/, EEFNERLE
—BEFO,RATEERR, BEE TN B RELRNEIEE (postpalatine canal),
REGE FEFEANALE -l E R AR ;s ARG &I G E(postpalatine
torus) BAE;JRRIEXT M3/, MMMEHAEEEERNES, HEIMUE—/NL, Z5L
BIFERRERHOER. BaulRREREE, (EAMRIER EREEES LABER
BENER—IEEE RS, KA — ML TRETEA; EBE—URILVER
LA EIEX M3/, BRINIRHRG, SEN ESRLEVE, AEddx, REREER
ETTREET MBS LR At , XA 1 BB FBUR R K AT BB R S B o

Anagalopsis BB RIRIFo Anagale (EMHRZNEEEBRL BMERE, &
B35 Eosigale BT, MERS/ERRE R, I HAE M3/J575,

6. 8F WMEEYV, LHBHERR, ELERE,ABTEHIE LS. EAHEH
AEMLCATHE SNEEGL. HEMPENBEFERE—Hfl. BEHIRENET
Ty OB BB R S TN SR 4 AT 05 A Bl 45 (M 45 5 IR BR AT e 21 0 FRAE 1
KERL, XAEEE A L RE R AR IR ) st R XM gkt , BB T ERRE, L%

o,
~

7’

%

0 icm
i

B3 HAHEEGHER,HM) (Via2s) AT SABGERM)
Fig. 3 Internal view of the right mandible of Eosigale gujingensis gen. et sp. nov. (V7425)
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B, To Bk Hl B B 8B Hefdo

Eosigale WIBUEFN Anagale, Anagalopsis BIZER Ko TG ZEH BB Eosigale
M, A R EWREG 2,0 H. Anagalopsis HHE L FLo

7. TR ENREMT. EATNBEPRAARERE, THERHATE, WEHR
TEE, 85T MAMNENKE LS, T8 LSS EHENRD, ISR ENTE, -

Eosigale TRE S Anagale (AR, BEELTVNEE, FERMASEAFH
e, il EIRESNESE, AER Anogale WIKINELL Eosigale Mo

AN, BERERETHE—/NER BEER, THREEREER . BEENRERXRAL
BE T IUREREER . WHUEEE —SEER . MItEERE, RREVE, N
AEEEREHESE, FABEINRENE—&, L T2, hEit,

THE: EATHESERHR. BRAMMBIGESR P/3 2T, BERTEEM, &K
BTE M/2 ZTF,HERIETIHA. AMUERHD, FILEDL=ZA, KE—HLER, &
P/4 R T, REI—FTE P/1 FhHo MMM, TAFALTHIIKETS, B M/3 4
Tmm, WHEERFEH. TAMARER, RIEETHFIK, BHE LY. SREETER,
BREDIR , R 5 1, BT BE Blo XTI 287E THUAREIREERRIA &, b kPR RS S,
XATE R B, S A H R AR, BB R, WML BT SRS BE,

Al Anagale, Anagalopsis Fatt, Eosigale U TEIEMBNT, LAZREE, &M

0 5mm

4 EHHEROGRR HR) (V7425) H3EHRE

Fig. 4 The crown view of the dentition of Eosigale gujingensis gen. et sp. nov.

(V7425) As Z= 12/-M3/ (left 12/-M3/); B. #5/P1-/M3 (right P/1-M/3)
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#Wo Anagale RABWNEI, fRALEL Eosigale ik, T AL RTTRALELL Eosigale
#; Anagalopsis TESIENLH:, B TREHE M, LIRS R FHE, RFTRES, R
A=A RETHE—EEHTANS KR E R

AR, Eosigale Bk FH LATHAE:

01) Wi B s 14) BEEE;
02) MRIER>FFHEIFLIRE XS 15) BRBR&ELES M3/ ZH;
03) KB{RF - fE b BN s 16) MB/ERERRKS

04) BTERBTEAMN BIEWRTE P/ L REMEEE; 17) $BANERBALE-ITEA;
05) BB KEPE; ' 18) ERES/ RS EEE;

06) [TEFL/NEIH %3 19) FBEERNEEHEE;

07) EHIBHRESHAEATERE; 20) BB, ERLEIRIE PN TES T
08) LEIEEREEATIREMRE; 21) mE EEEA;

09) BIEEN X5 22) HALHBESR,TE EFL;

10) ETERKERANDES 23) BE_ B B EHFRRHF IR

11) EERT & &M/ 24) BMEHLEHE LS

12) LSRR ISEERARE; 25) TR T ER.

13) EERBIEREHUENER » A RN EE;

FIRHELBTRR , A R BEFIH Eosigale LB AT MV, (EAREH , BRES RIEH
HORERE 2 o

Fih: 1/RIRE, HiHR 12/, 13/80REE. 12/ B8R, 5alei S EmA/h
R , 2 E BT LSS o 13/ DRI, f51H 5 12/ o/ NEEIE , B AR o

R AR, B T, BT, B 0RIAD P1—2/ T A, AR B, R R E
Fio

P1/B IR, T, B RE/IN, INAMEE 6 1R VBT , RS BEbE , R LTI IR o P2/ IR, TS BF
5 P/, Pl/MERK, BIBHMHA/REE. P3—4/=#. P3/RETES M
T SMUAL — A2 22, SMBE Y618, P BE B, TR 52 TR I B , FEFD/INTTG SR BT B R 22 5
RET, BB WA, ELAMUE R, UBBRRIE; TAT R, MEHRmERE N
H— BB R G P4/ ST S PR, BIE RS, SR WIS 7%
stk b AL P3O, U B E R, P3—4/f T BeE 75 )R ARSI MU
REYEEE, B B L o

LSRR, R, BERMANTRE SN TEE MRERARE, RATHE
Eio M2/Ek, R BE B MR R RE E, BT, AE NA%, TUDE
2 5 B BT/ AR L, L T, B A3, U TR AT B B B AR E LR M; &
AR/ BBt R 8, A BIRE, HETURE; M3/ EREN, TR L.
FEWRTR G 2 LS T Y, R —A B

FFI AP/ A THES IR, IS A HBR; P4/ -M3 /R B 3,

AN TSR RERT, & P/1-M/3 f1 1/1-C Kt

WA, T I PR , B8, HEF R 35, R 12 R 13 RUNEE , RiB o
I/1 RN, B FiB e TR UGBS A, (H AR o

P/1 MR, RSN, BRTH, P/2 XU, R4 T, NANEE I8 B 3L, WIBE IR BT 28, I
BEBE L, SEIF /NOBR 280 P/3 HEATUAMIP/2, HRTSME TRIRGTE, REXGLENE,
Btk bt P/2 e P/4 K5, iS4 P/3 MEMESHTTER, FTHRETE
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RATTTEM R, BIIR TR RE TR, BB E, B EREER R — &, Em/E
2R, TH B R Ao

#F2 LEENMBHECHEMN: 22X

Table 2 The measurements of upper cheek teeth (in mm)

P4/ M1/ M2/ M3/
IS A S % K & ® i
L w L \'d L w L w
Eosigale gujingensis 3.0 4.0 3.1 4.5 3.5 4.9 3.2 4.1
Qipania yui 3.5 4.5 3.2 5.1 4.3 5.7 3.5 5.1
Huagiyangale chianshanensis 3.7 5.2 3.7 5.3 3.1 5.0
Hsiuannania tabiensis 3.3 3.5 4.5 4.1 5.0 4.5 4.1 4.0

1¥: Huaiyangale chianshanensis §l Hsiuannania rabiensis {98 B %BE(1976),

®3 FTHEAMBRIECERL: 2X)

Table 3 The measurements of lower cheek teeth (in mm)

P/4 M/1 M/2 M/3

S & 53 P *® it i A
L w L W L w L W
2.2 2.8 3.6 3.7

Eosigale gujingensis 3.1 3.4 3.6 4.0
2.9 3.8 3.0
3.0 4.0 : 5.7 4.2

Qipania yui 4.1 4.4 4.5 5.3
3.2 3.5 4.5 3.5
1.6 2.6 3.0 3.0

Huaiyangale chianshanensis 3.0 3.1 4.0 4.5
1.4 2.3 3.0 2.5
3.4 3.8 3.5 3.8

Hsiuannania maguensis 3.6 4.2 4.2 4.9
2.7 3.6 3.4 3.1
3.8 4.3 4.5 4.2

Anagalopsis Ransuensis 3.7 4.2 4.7 6.2

3.3

2.4 : 3.1 3.2 2.6

Anagale gobiensis 3.3 3.6 3.6 3.7
2.3 2.9 3.0 2.1

B 1) R TN AEE, T ARER.
2) Huaiyangale chionshenensis, Hsiuannania tabiensis, Anagalopsis kensuensis, §1 Anagale

gobiensis RIBIET|BMRKIA(1976),

TERHES R SN , B B, M S S B, MR A A i, EilD g
BEMoM/1—2 SRR E T R,M/2 t M/ K IRERTEER, T TATHR, A A4
ETERATER, WRE S EANGE, RERERHEE, BREERELK. BERKESHE
S B RS, T IRRHETE L T IRRAG TR BARERE, TRARAD, THE
5, Rt R RE R L BR AT R M/3 RS M/2 BE, %S M/1-2
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FEMOL; ER A bRk B 28, I T yR/NRAE KRR BRI TIRR R E#iE, AT
RXBBEMTRRBLBEE. THHKEEBENBEEZAHE, BEHES G0 E
At BEAR R AL R A B — N B BE B TR AN AR B b A R 2R

Eosigale FUIRFI BT EATN, 1tk 3/3, SERDENHE—RETHR dne-
gale gobiensis ﬁ{u;ﬁﬁﬂ%%{t,{ﬁ'—ﬁ Anagale f8{Ul, W5 Anagalopsis JAR; P3—4/
BB, P/4 TRIRB/N BBEEABRLR, XEREREMERR; P/3 5 Anagalopsis
F—RERFE Mt G5 Husiyangale F8{L,{E Eosigale bRWHIEMRF, LT AR, T
ERREHRE, TRR. TRRARBESREASHE MEERE . AOSEEELEEN
B B MEBIELSE 2.5 3

Huem(FEB) Qipania gen. nov.

B ARHAHGRE.FH) Oipania yui gen. et sp. nov.

B 53K°0 2.1.4.3/2.1.4.3, [TRTR/AN, BTG EY, TIIERIHE, L TFREE K.
P1/13iB4k, P1/XAR,P/1 BAMR, P4/t Anagalopsis BMRTS Hsiuannania FRT; b
FIUGBE BT » 1 404K, B /NRIBIIN R, IR R E RN 3 A 1o P/4 (REA/INITRIZR:
M/1—2 BRBELE UGBS 28 5 T FLA PN QURG R 2k A i e AR T ITIRRT fE 7 L1k
AN

Bk HEREMSHES.

FEHBEB(FR.F#) Qipania yui gen. et sp. nov.
(A 5,65 ER 1,2) '

EBHRE —REME— N TR KR LU, RE T 8B RE S T th(V7426),

R RO L BEE S ANMGEARD, PEFSE AR L RIRT.

BE RE.

MEdR AWK LEXYEERARERK, LREME FROK I

HOARE®: MiE5E, Qipania K/NEEVL Hsiuannania, t Anagalopsis, Huai-
yangale HFE K, '

ErIhBE#E, £ 12/FEA B/ RESF, £ B/EEXKBRTF. RITEEAES
FRDL, B0 s iR, i AR, R R 12/ R4/, R BEUATHT A2 T BE , ZES X0 12/4E 4D
RRE AR 13/FK, BEME AR RTeE, KA MEBExEF.

LR, B AR B R R ATBESE, BEEEL '

PI/5 P2/ P2/ 5 P3/ZAIGRABAE. P1/1R/IN, TR, B, REETE, AUJEH
A EB. P2/IUR,HB KT P/, B 4RER, BEHIREEE, 5. BHRNLE
Mo P3/=H, NMRAIBBIRIMETN Y, ERMGEREZAR, SEEZAER: IR
BA EREE, Ko, A RE, B, A EEIE R G RHE/NTHIR, FAR

RS R,/ NT IR, NEHEH, U EARRE, Sl ERUKRENER. /R W
R, ERFHK, &AL WEREH—HBEIBRE . P4/t P3/ X E NN, S
s N R A B BRI P3/ NI RIS AE=ZAR . RESEHE, =
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RIER AN KN ERR S P3/FEMLLE P4/ERTRETANMART/NR, BTRRISAE
TREIRTFR 2R, U T B i BN AR RS IR U 5 A HF 4.5 76 14 7 /5 B H D o

EEREEER PR %, BE R R B , A RN A G MU AR, &
BERANMERZHFo MI—2/RRTK, BEWHH,M2/tk ML/ K, BEERMBR: 87
BRERBES, BHEE . FERE. BAMNTRIR, B AT/ NTRE HREK. B
FEIR , PR )5 B 00 BD VS B BT A Ao/ N AR 42, BTN 48T » B TR 2R 8T P 0, S/
NR; U MEIRNRRUERAM, BB A ER, HF R E T4 K. M3/REK,
EEML/ B/, B AR I M1 —2/ , (BIERB 4L, JE 157 5, A BE T 'R

TIIGIART AR, Hh 1/2 RS 55K RT A 0T 30 BEEA, 1/3 (R A
51/2 B, MEE SN 1/2 SRR, IR REEE T RER AT, tARIRR, (R TORME, EE
EmEEREEEGEN); 1/3 BM 1/2, EIShmhe, EREnE RN (ER
RENL RN, MEBMEAERE 12/5 1/2. B/5 1/3 HHME, Tk
£ LI, AR E AR B M B EE TIIHM. XM EFR"IRE7 X
RERMRRT R LB E T RER Eo

T RUEBIE H RSN, A S ERGARML ER N

P/1—2 By, P/3—4 BB Ko P/1 5 P/2 ZAGREE. P/1 Bk, EmRE
BB, B 7VRE, BB, P/2 b P/1 KWL, MM, RAE—DER.FEHE N
BTRRIR, R A /NORZE. P/3T WIS EIk, FIIX 43 Hh g IEANER BE , 1 B E = AR
BEW R P THRARERE, BIG TRRETRERNET,HEB/NTTER; TRIRETERER
R, TR/ e ZXRZEELIREAR, TRERN, RENAHE=52—EH,%
ESZAR, RESEREEEN—EER, BLmT. P/4 ARNMEERS, BT

o] lcm
]

5 REBESGE.HMOT426) HFIRER

Fig, 5 The crown view of the dentition of Qipanis yui gen. et sp. nov. (V7426)

A A5 12/-M3) (12/ kDB cighe 12/-M3/); B. £{U1/2-M/3 (right 1/2-M/3)
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TERETIREREA, FHILMRN REREAD HEREN—E, REME, BATHIA
HIZEOT IR T RANRFIT 2R, BR AL B, 72T NIRRT T AOFF DR B 5 B3 38 12 BE 20 147 JBE )
—Te A BB R M/1 Al AT AR B — M LR B T T P4/ IR
R, RN BHBEMEE T HRRTERGE, IEES P4/ U BAMEBESTR.

THSHSIE R, SELEEMmE, M/1—2 B5%. M/1 R, M FH, T
TETR, MR E, NIRRT RRI O GERNIME, THREEAE, AR E~EAE
K, Totk IR FIMT ER B S R B RO, JR I8P B il T IR/ NRIB ML, NSNS T R A
TRRNELE BT ARA, G THERE RS HM/2 B M/1 K, R TSI &EKRE,
HEEMRS M/1 3A—8 M/3 BENT M/1 5M/2 2|, i EHRES M/1—,
TF, BRERNTRNRAMATASNNK, 287, WRETTRET O 03R/N, HiT R
VAR H RS BME, TEWAISEBENRESEMEE, HERSERtE(E
) AR BECRT o) SL Bk —MYLAE B TR R, L o AR SR (M/3 ROBR BE B BR — &
M/1 RS P/4 HUBREESE S8 P4/ HIHR)e THE(K P/4) BMRER, B S
A, WM A o '

Qipania B 1GECH 12/2, SMERPRFVEHIS PR Eosigale R Anagale(|']
WHE G 3/3) AR, A& TR BA—Fo

Qipania RIGLLIHWEHEB L. MANANE, Qipenic WWRGELL Eosigale,

Anagale PYSEJPAL,(HIRIEH Anagalopsis IR IBRER Ko

FERER, Qipania WRTEIGMATEIG KNSR BE, K P1/1 %5, 2IBWE
B; P2/ARR Anagale WREAHERIRLR, MY ANBEL Adnagale, Anagalopsis {f)
P2//\; P3/tL Anagale, Anagalopsis g P3/E AMER; P4/ EIHE P3/IEANTE =
¥, AR Anagale i Anagalopsis 1) P4/IBREE T TE; M P4/FE, Qipania 5
Hsiuannania tabiensis AL, TERXBNET H. tabiensis S HNPHE, HHEA B
Ty EEREHTUREREZT, BB/, AR Qipenia IPREETF o Qipania [
P/3 AR EBELS Hsiuannania ¥ Ji 1M tb Anagalopsis &3 P/4 5 Hsiuannania B
P/ A NFRIRGES Anagale HIDo

Oipania MEFWREWIES H. tebiensis HHHIL,(ARTE EEHGHEE,/5E R, 7l
F T R B L O BE AR, 3 IR BB K T ik EE R B o

BHRTREVCE A FTEN Qipania BIAA Hsiuannania 1, BTG EFRANER,
R AR AT EB, 7 Qiponic BREERHE, TiERHRMR, HLEELE Qipanic &,
AT EL M REEERS Rk E. '

Oipania yui FTFAUEEMIL, BRAE K, GWE P/2 ZT,BRYE,RE M2 5
M/3 HIRRZ TERHEN TS, bR THEREEL BAZE VAW, L E
P/1 FH,GHIE P/3 Tho EFAXEM, SIS E5TIR/LT-RE A WIS RUEE,
A% EE. LHERRESHMAEESTSRERR, BRBorEEEERNTE
PEA NG 2—3mm WIEE (X5 Eosigale, Anagale BiBAR); BEZRH 4 -1 ; i z¢
e M2/5 M3/ b7, &3 M2/RTER. BIR# - T4 XWBIEmE =, Bl
BARME. BENERELE 2.% 3



164 w O O B B ¥ R , 31 &

g

0 1cm

B6 HEMSECHEFHOVI426)5T MUK
Fig. 6 The right mandible of Qipania yui gen. et sp. nov., (V7426) buccal view
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Simpson (1931) GV MER (Anagalidae) BT, AR TR BIX R EE, Bohlin
(1951) A1 Mckenna (1963) ZEFRFHMERMBIEEE TX—MEo Evans (1942)
MIA HHE e 28 b AL A T R (Tupaiidae) FIZR BT (Macroscelididae) 2 [d], Szalay
& McKenna (1971) ¥ Anagalidae, Pseudictopidae, Eurymylidae #1 Zalambdalestidae
JHA—A-B: Anagalida, HRIFIRE R ZRAINRGE R BEXFRo Szalay (1977) B\ 4
#15 Zalambdalestidae KREABITo McKenna (1975) BHRFAD X ARGFH LRSI EE
KEEM TG, MOUMERMRBB AT, KETHRERBAL N Ko Novacek
(1982, 1986) A I-4k7& T McKenna (1975) HIMA({E Novacek, 1985 JIHi[AF I
ERESHMBRRXARFET)e XEWRIE B A XL Anagale gobiensis B R § Fl 1
Rhynchocyon FIEERE FHEATHY, UM HEL BN ARRFIAN, TAXMHLAE &
H+SEMR. MERRBESHHKE, Anagalidae [RTRWAHH—U# HFith, Macro.
scelididae FRTFAEPNEFHELAG, WMEZFIBIFR K. ME R P EREIREH &R0
PRHESBEERT AT RKOTUNEESR, HAGZABHMRAES TN M- EEs
KL BROT R AREYL, BRAEEZIN TR TAEMRNERNBHNRERE X Ko

AILEEL Kennalestes, Zalambdalestidae, Astigalidae, Pseudictopidae {E gl 22 %l
HOFESE R BEHAT I IR XL BB HEM S LIS, RIRER, RRBERALE,

AXTBESPARMERN =N BRARE XL W Pseudictops, Astigale, Za-
lambdalestes Kennalestes YENSIR KRBT, AT HMERNARRERXRR. T BH
MR X B R ARTIRE. & RERRTIBE BRI D L Novacek(1986),
Butler (1990) F1 Crompton & Kielan-Jaworowska (1978) Ry T {EAERE, 0 4G
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01) 0; [IEsy 3/3;1; 12)2-3, 12-3/2, 12/2;

02) 0: R ;L: BBAREELs2: BB AR

03) 0: RFREVJIANITEEZENRERTE; 1@ HEKs

04) O0:P1/X#; 1: HiR;

05) 0: P/AXUR; 1. &

06) 0: Pl{idh% ks 1 BUNSGBALS

07) 0; P2/XUR; 1: =H;

08) 0: P3/EHFR; LBFER;

09) 0: P4/FEER; 11 HFHR/MYELR2: BRA/MIAR; :

10) 0: P4/ERIEHH; 1: HIBEWHABRELER);2: AESEERET);
11) 0: P3ETRALTRERLR; 1: ATRATERE; :
12) 0: P/4ETER:L: TERMBABR/N; 20 FTRERAMNITEES

13) 0: MG EEETCHRESE; 1: B3;

14) 0: ERBEMERALR; 1; AkHE;

15) 0: BEERHEEEAMASMmI: 10 B

16) 0: ETFHEHELRE; 1: EHEHEINBNE;

17) 0: FENKBAGEE; 1. BEEE; 2 UHE;

18) 0: FEASMEREE; 10 B PENETBE; 20 SMEFERBHMEKS

19) 0: EERERER; 10 #H¥E;

20) 0: _bFIERT/EM RN 10 BT AN IERS

21) 0: FEREHIEHET: 1 ERTABRCGEGER); 2. MBRCGIUEY);
22) 0: EARAIBREHEEEESRT); 11 &

23) 01 FEHSMERIR AR 1 RAGEE RGBS

24) 0: FTAWATHEIR; 1@ TATRMHES

25) 0: TAKWSAEEDSETHRE; 1: BEMEKT2ABABMEREEEER;
26) 0: THEKIH KEPBATEE: 1: TEGUNERESR - EFEREFE;
27) 0; FTHETFTREEE L TFTEERD; 1t KFTFER;

28) 0; M/3 FERBEETF&/AAR/AN; 1t FREEM FRIMRK.

U EEWRATIE /AN &ma ot (REEINERE outgroup) sy JLEE IR 46 B¢
(& 4o

RARGRE SR Hennig86 3 L REEEDTIHE, RAZBIEMA S X
Blo BEAEERBN-H/\NRTHTITE, 2BIMEPUERAHIE, ZREHH
ANETTGT * F)M R ED £ FrEL HE e M EX AR, RS H— N RE LS
XEET,D, XMEEM Wagner HEFTIHRENER B £%SXEL, HHAFR
HE ZAREREBEED (10(2).15(1),16(1),18(2),19(1).21(2), 25(1) F1 26(1))
BFE—RINA ER KB R HIE, KT —RBO0 AU ETHEENRBsE
WEREXRE, HEZAZ L(EBEZANEREF T2 AREAETERANE
MAR, MEEMA—ABAR(TAEZDNEAEBREERNRESTF T,

ETLRBEG, ELXLNENFEATAF 2 L(BEYA NBRARRE, BIRE
&2

W 3-2.1.4.3/3-2.1.4.3, [T AR, R/ EIP %, BILARIESEA AR R E K
BN REEEDE, SHA MR, ZEBEX, KEEHEEMEEEAGHE, LERTRE
HH TR, I KRB, HRE K, REE, ARER, MERRRARERME U
B BIRR RS . ER, BT URY, Bu)E, MEERTZ bR KRG — B
PhiE ; TSN, MR SIERTE; M3/ MR tho TEIWHISIR &, NG FH, IMRERRERE,
TRTIRB B R, AT, R BRIt B A/ N, BRI R AR 0, BRRT U0, BEfm
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JE, WARENEK, BEENBREGT— 8RB —k) IR~ P8 T, SHN
ST AR, M/ 3BRBEE B — LA TS, E RN RBE e LBES; KE
#4>r4m Simpson (1931) Frik, ‘

B RIRE 5 AR AR 3 E i, ED“IEE? 5’310(2) 15(1),16(1), 18(2),
19(1) 21(2).25(1) F126(1),

4 FMBAPRAAREREIIERI T

Table 4 The distribution of dental traits in anagalids and their relatives

000 0 0O0O0GOO0 1 1§ 1 1 1 1111222222222

1 23 4567890123 45678901 23 45678
Outgroup 9 00000 O0CO0O0IO0OGCOG 0 0O0O0OOOD0O0O0O0O0 0000
Kennalestes | 0 0 0 0 0 0 0 0 0 ¥ 0 0 0 0 0 0 06 0 0 0 0 0 D O 0000
Zalambdalestes) 0 0 1L 0 0 0 0 1 1 0 0 1 06 0 0 0 0 0 0 0 0 0 0 0 Q000
Astigale ? 2111100 1100O00TO0TUO0TI1TI1I20O0T10TG0TG0O0C06O0!
Psewdicsaps | 0 1 0 1 1 0 0 0 3 1 1 1 1 00 0 1 1 00 1 1006 060071
X Chignshania | 2 7 2 72 2 2 2 01 1?2 2 0006 0 1 10 01060 ? 2?2722
% Khashanagalel 2 7 2 2 7 2 72 77 7 72 7 1000 2 2 2 07 2 72 00001
*k Wanogale 2?7?7777 210002 %207 7?2 000027
% dnapsogale | 7 7 7 2 7 7 2 0 01 ? 7 101111101007 272?272
% Diacronus 2 27212102792 222?%?101111102007777?77?
% Stemamagale |2 2 7 2 2 7 7 7 27 7 72 101122207077 1101
Eosigale 0t 0110000 3200101112 107206011111
Hyugiyangale | 2 72 ? 2 72 2 2 2 0 2 0 1 1 0 1 112 10 2001 1111
Anagole 2 10000 10-1 2021071 122102110 1111
Linnania 27 100000 1 1 206111111210 21101101
Angalopsis |7 2 0 0 1 1 0 1 1 2 0 1 1 1 1122 1121111101
Hsfuannania | 2 2 2 2 1 ¢ 2 2 1 2 1 2 1 1 112 2 1121111101
Qipania 12001101 121211111211 2¢01T11101

E: ?BRERERE,

RMX— 52 M, Husiyangale, Eosigale, Anagale, Linnania, Anagalopsis, Hsi-
uannania, Qipania FLEERIIAANE R MUBTIHANZEN Chianshania, Anaptogale.,
‘Khashanagale, Wanogale, Diacronus, Stenanagale EARIPAEE T METIIHRE
B PR RE B, £ B RELMMICES X B L(E7,11), WFE Chianshaniafy
FRRMRp, BAEWADRERERE (17(1), 18(1)), ERRE T RENE T B &
(13(1)), MEMNERENERERE, Chianshania RIRES Asrigale FEITHIFER
LW dstigale XNDX L, EFHINATTHEEITE] Astigalidae th, HE&H
BERA RE T EEPRI00 X $E, Khashanagale Fl Wanogale BARiCETI A E L, A E R K
Pseudicrops FAL—MEDEL, BIARARENMEEEYE (BHERWERE &
15(1)16(1)\25C1) A, BNEF15(0),16(0),25(0)) , M HEBRFE R B 25, 43 B E
%€ Anaprogale, Diacronus, Stenanagale FRiCETI AR, BHAHPAMER, HE
MVRERERE BAL , RERIEEMN—EREEELERELEE —0X LIEAIPIR
4 Astigalidae-Pseudictopidae-Anagalidae XANBRAEE )o W Diacronus A MR
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Fig. 7 The cladograms for genera of Anagalidae and their relatives

(1) H Hennig 86 BRI+ ETHFITE KEK=53 CliEH=0.66
The cladogram for 12 taxa generated by Hennig 86, data from table 3
() ZEEEEM EAERKRIL SR RITB RS E
The cladogram for 18 taxa generated from the cladogram (I) with the rest 6 taxa marked

TEZ G AR (The characters supporting each node):
B: 10(1); C: 9(1); D; 2(1) 4(1) 5(1) 17(1) 18(1) 21(1) 28(1); E:12(1) 13(1); F:
10(2) 15(1) 16(1) 18(2) 19(1) 21(2) 25(1) 26(1); G. 4(0) 5(0) 22 (1) 23 (1); H:.
6(1) 8(1) 14(1); s 2(2) s5(1) 20(1) 24(1); J. 11(1) 12(2); K: 24(1) 9(0) 27 (D
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TERI(RERFH ,1977); Anaprogale B HKMIBEH(RRIA,1977; TRE.EXE,1979;%F
K, 1979) o FE 1A FHOIEYR LLRT , X8k S B EL (D R R F g I S g A E .
XBE, TEMEBERNI, Husiyengale F1 Eosigale RABRFEYI(ILH 9(0), 24(1).27
(D) AR— TR REEMEERARENATHAR MR RBE(H D Qipania R
Hsiuannania HR—HER J, Anagalopsis FIB R JHBWB AR 1, Linnania FIE R
B REKR) ERBEERA G ERER B R LR, dnogale FRER ERA K E I
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TINMIEHBREERARAS RS R HER,

& &

AR ER T HEFME, EAMERAIRTTEELE —F. MERNEESE,
Eosigale FAXSIRIHLE 1N QipaniafR¥E{te MLEH, Eosigale WIRIPISLBERIENS &b
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R BSR4 Fo '
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TWO NEW GENERA OF ANAGALIDAE (ANAGALIDA,
MAMMALIA) FROM THE PALEOCENE OF QIANSHAN,
ANHUI AND THE PHYLOGENY OF ANAGALIDS

Hu Yaoming

(Instituze of Vertebrate Paleontology and Paleoanthropology, Academia Sinica)

Key words Qianshan, Anhui; Paleocene; Anagalidae; Phylogenetic analysis

Summary

Anagalidae is an important group of the endemic eutherians in the Asian early
Cenozoic. It has been sixty years since Simpson{1931) created the family Anagalidae
and described the first monotypic genus Anagale (which was later revised by McKe-
nna, 1963). Up to now, there are 13 genera, including 18 species, are assigned to
Anagalidae. The earliest member occurs in Early or Middle Paleccene while the last
in the Oligocene.Distributed in Guangdong, Jiangxi, Hunan, Shaanxi, Anhui, Gansu,
Nei Mongol of China and Gashato of Mongolia, the Anagalidae is a group of long
continuation and wide distribution although the assignment of some genera may be
questionable. The evolution of anagalids is among the essential for understanding of
endenic Asian eutherians (Table 1).

This paper describes two relatively well-preserved specimens collected in 1990—
1991 from the Middle Paleocene of Qianshan Basin, Anhui,which represent two new
genera of Anagalidae, and studies the phylogeny of anagalids and emends the family
Anagalidae.
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Systematic Description

Order Anagalida Szalay & McKenna, 1971
Family Anagalidae Simpson, 1931, em.

Eosigale gen. nov.

Genotype Fosigale gujingensis gen. et sp. nov.

Diagnosis Close to Linnania in size; structure of skull and lower jaw similar
to that of Amnagale but more generalized in construction. Skull comparatively narro-
wer and lower than that of Anagale, lacrimal tubercle absent, only one lacrimal fo-
ramen present, orbit open with weak postorbital process, the infraorbital canal short,
and the antorbital fossa small and shallow. Horizontal ramus of mandible slender,
while ascending ramus thin and high.

Dental formula: 39.1.4.3/3.1.4.3. Incisors and canines similar to those in Ana-
gale, but cheek teeth more like those in Huaiyangale although with distinct diffe-
rences: P1/1 single-rooted, P4/ without metacone, P/3 slightly molariform and P/4
with single-cusped talonid; upper molars not greatly transversely elongated and low
due to the height < length <C width; the pre-and postcingula of upper molars narrow;
* cusps of low molars blunt-conical, with protoconid taking the outer part while me-
taconid the inner part of trigonid, the talonid basins of low molars very shallow;
the enamel layer of molars very thin, covering the upper part of the crown; the
degree of unilateral hypsodonty less than that of all other known anagalids.

Etymology c¢os-, a Latin prefix, means dawn, primitive; -gale is from Ana-
gale; the genus’ name means primitive anagalid.

Eosigale gu jingensis gen. et sp. nov.
(figs. 1—4; pl. 1, 2)

Holotype An anteriorly perfect skull of not very old individual with clear out-
line and a pair of partly broken mandibles of the same individual with most teeth
(IVPP specimen no. V7425).

Horizon and Locality Upper Member, Wanghudun Formation, Middle Paleo-
cene; Fulaowu, Gujing Township, Qianshan County, Anhui Province,

Diagnosis As for the genus.

Etymology Gujing isthe name of an area where the specimens were collected.

Description and Discussion The type was deformed during preservation, and
the middle vertical plane of the skull slopes to right, but the shape of many bones
and the construction of most teeth are clear.

1. Skull The part of skull anterior to the orbit is well preserved. The skull
is low and narrow. The snout is short while the posterior half of the facial region
is very wide.The orbit is large, facing laterally. The braincase is damaged, which
seems to be less expanded than those of Amagale and Anagalopsis. The temporal
region, the auditory bulla, and the occipital region are also damaged.
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Nasal: Right nasal is well preserved. It is elongated and slender, slightly exp-
anded anteriorly and distinctly expanded posteriorly. The posterior tip, extending
more posteriorly than the anterior rim of the orbit, covering the frontal of the same
side and being present medial to the frontal foramen, does not merge with its oppo-
site mate. The nasal contacts premaxilla, maxilla, frontal and opposite nasal.

The nasals of Eosigale are similar to those of Amsgale and Ansgalopsis, but
more elongated and slender with posterior tips separated from each other.

Premaxilla: The premaxilla is poorly preserved so that only a few details can
be determined. The sharp posterodorsal process extends to a point above the root of
P1/. The palatal exposure is damaged, but it is obvious that this element is small,
correlating with the moderate or small incisor foramina.

In Eosigale, the premaxilla is possibly typical of anagalids because the prema-
xillae of Anagale and Anagalopsis, the only two previously known anagalids with
well preserved skull, are similar to that of Eosigale.

Maxilla: All elements of the maxilla are somewhat preserved. The facial expo-
sure is very large, and occupies most of the facial region, owing to the weak poste-
rior extension of the premaxilla and the slender nasals. It contacts premaxilla, nasal,
frontal, lacrimal, and jugal. A stout and short zygomatic process extends posterola-
terally from the posterolateral end of the facial exposure. On the surface anterior
to the zygomatic process there is a moderate and very shallow antorbital fossa with
the posterior border marked by the anteriorly bifurcate process of the jugal. The inf-
raorbital canal is about 6mm long, with the anterior opening above the embrasure
between P3/ and P4/ while the posterior opening is on the anterior wall of the orbit
above the embrasure between M1/ and M2/. This canal is slightly shorter and larger
than that of Anagale and Anagalopsis. The palatal process of the maxilla occupies
more than two-thirds of the palate, due to the small premaxilla and palatine in this
region. The maxillary-palatine suture runs from the posterior edge of palate, first parallel
to the dental row, then opposite the posterior edge of M1/, arching in a suture to
the middle line at a point possibly opposite the embrasure between P4/ and Ml1/.
The orbital process of the maxilla is extensive, but only acts as the floor of the
orbital fossa.The maxilla in this region is bounded dorsally by the jugal and the
orbital face of the lacrimal and medially by the orbital process of the palatine; thus
the maxilla here is effectly excluded from contact with the frontal. The posterior
opening of the infraorbital canal lies within the orbital process of the maxilla, just
beneath the maxillary-lacrimal suture.

Although details of the maxillae in Anagale and Anagalopsis are still unknown,
it seems reasonable to say that their maxillae are similar to that of Eosigale acco-
rding to the figures and plates.

Lacrimal: This is a simple element. The facial process is small triangular
with an outer tip adjoining to the tip of the dorsal process of the jugal on
the antorbital rim, an anterior edge contacting the facial process of the
maxilla, an inner edge contacting the frontal and a posterior edge acting
as the middle part of the antorbital rim. This facial process is excluded
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from contact with the nasal due to the maxillary (facial process)-frontal contact.
The orbital process of the lacrimal is also triangular, but somewhat larger than
the facial process. There is a single lacrimal foramen at the outer corner,
just above the posterior opening of the infraorbital foramen. Although poorly preser-
ved, it is discernible that this foramen, round and moderate, lies within the orbital
process and opens posteriorly. There is no evidence for the presence of a lacrimal tu-
bercle, which is distinct in Anagale. The orbital process contacts the jugal, maxilla
(orbital process), palatine and frontal although the inner edge is poor defined, due
to damage. A functionally unknown groove is present on the orbital face just under
and parallel to the antorbital rim, with some pits in it.

It is common for Eosigale and Anagale that the lacrimal has a small facial
process with no contact with the nasal and a slightly larger orbital process
contacting the palatine, But Amagale has. two equal lacrimal foramina and a
distinct lacrimal tubercle while Eosigale has only one lacrimal foramen and no

tubercle.

Palatine: The palatine is poorly preserved. Its suture with the maxilla in the
palatal region has been mentioned above. There is a small anterior (or middle?)
palatine foramen at the point opposite M2/. The foramen opens anteriorly into a
shallow trough continuous to a faint sulcus extending anteroposteriorly for most of
the length of the palatal process of the maxilla. The postpalatine torus is distinct.
A distinct notch on the posterior edge of the palatine and a small canalin the wing
of the postpalatine torus may act as the posterior palatine canal of some other ma-
mmals. The orbital process is extensive, acting as the medial vertical wall of the
orbit. The boundary between the orbital floor and vertical wall is also the maxilla-
ry-palatine suture in this region. Near and parallel to this suture there is a recess
on the palatine. A small oblate foramen (tentatively considered as dorsal palatine fo-
ramen) and a larger circular sphenopalatine foramen are on the floor of the recess.
Although the anterior region of the palatine is damaged, it is discernible that the
edge of the maxilla is straight and smooth while the broken edges of the palatine
and lacrimal indicate their extending and contacting with each other. Thus it 1is
impossible that the maxilla contacts the frontal.

Frontal: The frontal acts as the skull roof in the orbital region. It is low and
flattened, and rectangular in dorsal view. Its anterior edge, present just anterodorsal
to the antorbital rim, contacts the lacrimal, maxilla and nasal. It is constricted po- .
steriorly at a point just anterior to the frontal-parietal suture, and this constriction
may correspond with the boundary betweén the olfactory bulb and cerebral hemi-
sphere. The postorbital process is blunt. From the process extends posteriorly a weak
and blunt supratemporal crest, passing cross the frontal-parietal suture and then mer-
ging with its opposite mate into asingle sagittal crest posteriorly. There is a foramen
near the posterior tip of the nasal but wholly within the frontal, which is similar
to what Simpson (1931) called a vascular foramen in Anagale. The orbital exposure
of the frontal is unfortunately'damaged, but it is almost certain that the frontal is
excluded from contact with the orbital process of maxilla, due to the lacrimal-pala

tine contact.
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The broad and elongated frontal with distinct postorbital process in Anagale and
Anagalopsis is distinctly different from that of Fosigale mentioned above.

Parietal: The parietals are fused with a low sagittal crest present along the fused
suture. The outer wall of the parietal is narrow and slightly convex, reflecting less
expansion of the cerebral hemisphere. Other details of the parietal are damaged.

Although poorly preserved, it is still clear that the parietal in Eosigale is pri-
mitive, comparing with the distinctly convex ones of Anagale and Anagalopsis.

The other elements of the skull are unfortunately damaged during preservation;
thus no more details can be described except a short, trapezoid, relatively less dama-
ged bone ventral to the braincase termed as basisphenoid.

2. Mandible The mandible of Evsigale issimilar to that of Anagale but shows
distinct differences. The symphysis in Eosigale extends posteriorly to beneath the po-
sterior root-of P/2Z while in Anagale beneath the root of P/1. The hook-like angular
process projects backwards and upwards while directly backwards in Anagale. The
positions of mandibular condyle and foramen are lower than those in Anagale. The
anterior edge of the ascending ramus is ~steeper than that in Anagale.

The distinct characters of Eosigale skull can be summarized as follows:

01) The snout is of moderate length;

02) The orbital fossa is large but still smaller than the temporal fossa;

03) The braincase is flat and might be small;

04) The premaxilla is small in size, and its posterodorsal process extendstoa
point above the root of P1/, not in contact with nasal;

05) The nasal is slender and moderate in length;

06) The incisor foramina are moderate or small in size;

07) The frontal-maxillary suture in the facial region is moderate long;

08) The facial process of maxillais distinctly larger than that of premaxilla and
nasal;

09) The lateral maxillary-jugal contact is somewhat bifurcate;

10) The infraorbital canal is moderate in length and caliber;

11) Antorbital fossa is shallow and small;

12) The maxilla has a much more extensive palatal process than the premaxilla;

13) The orbital process of maxilla acts as the orbit floor while being excluded
from the middle vertical wall;

14) Postpalatine canal is absent;

15) The posterior margin of the palate is just between the last molars;

16) The postpalatine torus is distinct; ‘

17) The sphenopalatine foramen and the dorsal palatine foramen are possiblyin
the same recess.’

18) The facial process of lacrimal is too small to contact the nasal;

19) The lacrimal contacts the palatine in the orbit;

20) A single lacrimal foramen opens posteriorly within the orbit,and the lacri-

mal tubercle is absent;

21) A vascular foramen is present within frontal medial to the posterior tip of

the nasal;
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22) The postorbital process is weak and the supraorbital foramen is absent;
23) The supraorbital, the supratemporal and sagittal crests are low and blunt;
24) The supratemporal crest is present on the frontal;

25) The jaw condyle is comparatively low.

Although the skull is obscured posteriorly due to damage, it still can be conclu-
ded from the characteristics listed above that Fosigale is possibly the most primitive

anagalid.

3. Dentition The tips of premaxillae and mandibles are incomplete so that the
presence of some incisors cannot be determined. There are four roots in alveoli ante-
rior to P/1 in right mandible, thus there are 3 lower incisors certainly; two upper
incisors present in left premaxilla; and according to the width of the snout and
the number of lower incisors, I1/ should be present, so the formula is 3?.1.4.3/3.

1.4.3.

If present, 11/ should be small. 12/ is small, styliform, single-rooted. It is almost
erect, procumbent only in the slightest degree with the crown not expanded. There
are two wear facets on the lingual side of the crown; the anterior facet results
from the occlusion with 1/2 while the posterior one, the main facet, with 1/3. 13/ is
only a little larger than 12/and probably of the same structure.

The upper canine is the highest in the upper dentition. It is single-rooted, coni-
cal, and stouter than incisors and P1/. It is almost erect with the slight posterior

slope.

P1/ is small, single-rooted.The crown is composed of a single cusp with ro-
unded sides, a steep anterior slope and a less steep weak posterior cutting edge wi-
thout any swelling. P2/ is larger than P1/ and double-rooted. The crown is similar
to that of Pl/ but wider and with a swelling at the base of not very distinct poste-
rior cutting edge. P3/ is three-rooted. The crown is triangular in outline. There is
only one outer main cusp, preceded and followed by small styles at the bases of ante-
rior and posterior cutting edges. It is larger and functionally more important than
the protocone supported by the lingual root. The protocone is mid-lingually placed,
with weak crests toward the para- and metastyle. P4/ is structurally similar to P3/,
but its crown is subquadrate due to the protocone being stouter than the main outer
cusp and the presence of weak pre- and postcingulum at the base of protocone, Addi-
tionally, the unilateral hypsodonty of P4/ is more distinct than that of P3/. The
main wear facet of P4/ (similar to P3/) is above the postcingulum.

The upper molars are subquadrate, transversely elongated, the crown height < the
length << the width. The unilateral hypsodonty is obvious although the enamel is
very thin and covers the upper parts of crowns. The crowns are much worn, only
M3/ still shows much of the crown pattern, but the structures of upper molars sho-
uld be similar. There are three main cusps, plus small para- and metastyle, Conules
are absent, but weak precingulum and slightly wider postcingulum are present nearly
as high as the base of main cusps. The small bulbous paracone and metacone are
almost at the outer edge of the crown although their apexes tilt lingually. The ste-
ep-sided and lingually sloped protocone is slightly larger and somewhat prismatic.
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The pre- and postcrista ‘are visible but there are no visible cristae between para-
and metacone. M2/ is the largest while M3/, with oblique external border and very
small metacone, is the smallest. The unilateral hypsodonty of upper molars is more
distinct than on P4/ but the enamel still far from alveoli. There are short diastema -
between the anterior premolars for the interlocking occlusion of the anterior half
of the dentition, while the close presence of P4/-M3/ results in the opposite occlu-
sion on wearing surfaces.

There are only three roots for lower incisors in the right mandible which show
that single-rooted, styliform lower incisors are more procumbent than the upper ones
and I/1 is very small and nearly meets its mate of the opposite side.

The lower canine is also known from the root on right mandible. It is single-
rooted, slightly procumbent and a little larger than its neighbours.

P/1 is single-rooted, styliform, sides-round and slightly procumbent. P/2 is dou-
ble-rooted. Its transversely compressed crown has a steep anterior cutting edge and
a generally inclined posterior slope, which meets a low heel cusp. P/3 is similar to
P/2 in structure but somewhat larger and stouter. Its apex is preceded by a very small
blade at the anterolingual base, acting as paraconid and followed by a steep post-
erior slope which bears two weak crests, one lingual and extending to the anterolin-
gual base of the heel, the other short and connecting the middle of protoconid base
with the heel. P/4 is similar to P/3 but with a more distinct paraconid blade, a wi-
der single-cusped eel,and a small metaconid separated from the protoconid apex; thus
the crown is subquadrate in occlusal view.

Lower molars closely appressed. They are double-column in buccal view (M/3
three-columned due to the posteriorly jprojecting hypoconulid) while lingually flat-
tened with distinct unilateral hypsodonty. The crowns are worn, but the bases of
cusps reveal most of the structure. M/1and M/2 are the same in structure but M/2
is somewhat larger. The trigonid is compressed anteroposteriorly and shortas is also
the talonid, while the latter is slightly lower and wider. The paraconid is absent.
The bulbous protoconid occupies the buccal half of the trigonid while the also
. bulbous metaconid occupies the lingual half with a short protolophid connecting
their apexes at the posterior edge of the trigonid. The metaconid is somewhat larger
than the protoconid. The hypoconid, slightly larger than the protoconid, occupies the
buccal half of the talonid while a small and shallow talonid basin anteriorly and a
small entoconid posteriorly share the lingual half. A short cristid obliqua connects
the apex of the hypoconid with the center of the protolophid. The hypoconulid is
absent. The trigonid of M/3 is similar to those of M/1—2 while its talonid is com-
paratively long due to the large and posteriorly projecting hypoconulid. The hypo-
conid is subequal to the protoconid in size but the entoconid is absent while a
shallow and open talonid basin is present.

The dentition of Eosigale is of typically anagalid type. Generally, its incisors
are similar to those of Amagale, the only previously known anagalid preserving the
incisors. Its moderate canines are also similar to those of Anmagale, while distinctly
differ from the large ones of Anagalopsis. Its cheek teeth are most similar to those
of Huaiyangale but with distinct differences. The premolars are less molarized
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than those of all the other known anagalids. Comparison with thé previously known
anagalids shows that the characters, such as the low crown of upper molars, weak
cingula, bulbous lower molar cusps, the very thin enamel and the slightly unilateral
hypsodonty, etc., are distinct Eosigale. )

Qipania gen. nov.
Genotype Qipania yui gen. et sP. nov.

Diagnosis Dental formula: 2.1.3.4/2.1.3.4. The incisors small; the upper ones
erect and the lower ones procumbent. Canines large but comparatively smaller than
those of Anagalopsis. The cheek teethsimilar to those of Hsiuannania and Anaga-
lopsis but the differences still distinct. P1/1 degenerative while P1/ double-rooted
and P/1 single-rooted; P/4 with small but visible paraconid, the upper molars more
transversely elongated than those of Anagalopsis and Hsiuannania, and with narrow
pre- and postcingulum and nearly invisible paraconules; the talonids of M/1—2 slightly
shorter and narrower than trigonids; the lingual enamel of upper molars and the ena-
mel all around the lower molars into the alveoli.

Etymology The genus name follows that of the locality of specimen of the
genotype.

Qipania yui gen. et sp. nov.
(figs. 5,6; pl. I, 2)

Holotype A pair of mandibles and broken maxillae of the same adult indivi-
dual with most of teeth (V7426).

Horizon and locality Upper member, Wanghudun Formation, Middle Paleo-
cene; beside the road near Qipan-cun, Taopu Township, Qianshan County, Anhui
Province.

Diagnosis As for the genus.

Etymology The species is named after Prof. YuBen’ai who gives our research
group much help in the field work for many years.

Description and discussion There is no evidence for the presence of 11/, while
12/ and I3/ are small in size and similar in structure. Their crowns are conical,and
shorter than their conical roots.The main wear facets are on the anterior side of the
crowns,

The upper canine is single-rooted and horn-like. The crown is slightly procum-
bent while its tip projects downwards and slightly backwards.

The upper premolars are distinctly different from each other. P1/ is small, do-
uble-rooted. Its buccolingually compressed crown has a single cusp witha steep poste-
rior cutting edge and a less steep anterior slope. P2/ is also double-rooted, similar
to P1/ in outline but two times as large as P1/. Its steep anterior slope possesses a
slight swelling while the less steep posterior cutting edge possesses a small but dis
tinct metastyle; the crown is wider posteriorly. P3/ is three-rooted and the lingual
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" root is more forward than the anterolabial root. The protocone is lower and less
important than the paracone while the metacone is only a very small cusp connecting
with the paracone by a crista. A weak postcingulum extends from the base of the
protocone to near the base of the metacone while the crown is steep anteriorly. P4/
is larger than P3/ but structurally similar to the latter, although with some details
different. The protocone of P4/ is massive with all sides vertical, the postcingulum
is wider than that of P3/, and a small paraconule is present at the anterolingual

base of the paracone.

The upper molars are much worn. They are similar in crown pattern while M2/
is larger than the other two. M1—2/ are subquadrate with the width > the length,
while M3/ is somewhat round due to the degeneration of the crown posterolabially.
The crown pattern is similar to that of Hsiuannania tabiensis while pre- and postcin-
gulum are much more slender than those of the latter. Additionally, the upper
molars of Qipania yui have very small paraconules.

The lower incisors, two in number, are small, single-rooted and styliform. They
are distinctly procumbent with the main wear facets on the posterior crown walls.
(same as lingual for I/2 and posterolabial for I/3), thus it is certain for this speci-
men that the lower incisors hold the upper ones during occlusion, but it is unknown
whether this is a group trait or only the individual anisotrophy (morbidness).

The lower canine is similar to the upper one in outline but smaller.

The P/1 is single-rooted and small. The labiolingually compressed crown apex
is proceeded by a slight swelling and followed by an even smaller swelling. The P/2
is double-rooted. Its crown is similar to that of P/1 but the anterior swelling is dis-
tinct and a single-cusped heel s present instead of the small posterior swelling.P/3.
is larger and stouter than P/2 and beginning to be molanized. Its protoconid is large
with a small pé.raconid at its anterolingual base and a little higher metaconid at the
posterolingual base. The talonid is low and very small with the hypoconid and the
entoconid. The P/4 is more molarized than P/3, and quadrate in occlusal view, while
the talonid is equal to the trigonid in size. The metaconid is larger than the pro-
toconid, while the paraconid is almost invisible. The talonid basin is shallow with
an oblique crest, a small hypoconid, a smaller hypoconulid and a slightly large:

entoconid.

The lower molars are so much worn that it is difficult to describe more details
of the crown pattern, which is hypothesized to be similar to those of Anagale and
Anagalopsis. The M/1—2 are quadrate in occlusal view with talonids slightly shor-
ter and narrower than trigonids while M/3 looks like a pentagon due to the large
hypoconulid projecting to the rear. There is no evidence for presence of paraconids.

and precingulids.

Corresponding with the unilaterally buccal high-crowned nature, P/4-M/3 show
that the labial enamel of the teeth extends deeply down the roots while the lingual
enamel only arrives at the alveoli.

Generally, the number and the occlusal pattern of incisors of Qipanie are distin-
ctly different from those of Anagale and Eosigale, the only other two anagalids
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with incisors preserved. The canines of Qipania are large but relatively smaller than
those of Anagalopsis. The cheek teeth of Qipania are most similar to those of Hsi-
uannania and Anagalopsis but with distinct differences mentioned above.

The lower jaw of Qipania yui is stout, similar to that of Hsiuannania maguen-
sis. The largest mental foramen is beneath P/3, and two small ones are anterior to
1t, one beneath the root of P/1 and the other beneath the anterior root of P/2. The
ascending ramus of the mandible is unfortunately broken.

Remarks Some colleagues advised me to create a new species of Hsiuannania
instead of a new genus for the material here described, But the poorly preserved spe-
cimens of all Hsiuannania species make it difficult to compare the whole dentitions
of Hsiuannania and the newly found material, especially the anterior part, which is
important in diagnosing the genus Qipania. More evidence is needed to determine
whether they are similar enough to be include in one genus or distinctly different.
I believe it would be better to create a new genus for the relatively well preserved
specimen; and what is most important is to describe - specimens and then to make
an analysis of the genealogical relationships of the taxa they represent, no matter
what happens.

Phylogenetic Analysis

Simpson (1931) tended to relate Anagale, which was the type and only known
genus of the family Anagalidae then, to Tupaiidae. Evans (1942) concluded that ana-
galids (equal to Anagale at that time) are intermediate between tupaiids and macro-
scelidids after comparing Aragale with macroscelidids. After bringing out new details
of anagalid anatomy, Bohlin (1952) and McKenna (1963) denied tupaiid special re-
lationship of anagalids and simply left Anagalidae as Mammalia, incertae sedis. Sza-
lay & McKenna (1971) created an order Anagalida for some Asian endemic eutheri-
ans: Anagalidae, Pseudictopidae, Eurymylidae, Zalambdalestidae and possibly Didymo-
conidae as well, but made no phylogenetic analysis. When McKenna (1975) made the
first higher-level phylogenetic classification of Mammalia, he simply related Anaga-
lidae to Macroscelididae with no more interpretation. Novacek (1982, 1986) suppor-
ted McKenna (ibid.) with some characteristic evidences although in an other paper
(Novacek, 1985) he prefers the anagalids-Glires relationship. Additionally, Szalay
(1977) suggested affinity between anagalids and zalambdalestids.

No matter what relationship of anagalids was endorsed, it is common for all
these papers that the Anagale is the representative of the family Anagalidae. But
now more than ten genera, most of which are Paleocene in age, are assigned to Ana-
galidae. It is clear that Anagale is not primitivein the family, and the phylogenetic
result of Anagalidae based on Anagale is probably dubious. The geographic and age
gap between anagalids and macroscelidids also makes the anagalids-macroscelidids re-
lationship questionable. The author prefers that anagalids itself, as well as the pseu-
dictopids and astigalids, originate from some older lineage of Asian endemic euthe-
rians, and its phylogenetic status should be determined among the Asian endemic
eutherians. Meanwhile, it is also important to redefine the family as a monophyletic
group. This section will discuss the phylogenetic relationship of all genera assigned
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to the Anagalidae and those among Asian endemic eutherians, such as Keanalestes,
Zalambdalesies, Pseudictops and Astigale, etc., at the genus-level. The discussion
will be based on the dental character analysis with the polarity argument by using
outgroup comparison method partly on the basis of the work of Crompton & Kielan-
Jaworowska (1978), Novacek (1986) and Butler (1991).

Here is the list of character transformation series with 0 as the primitive cha-
racter and 1,2 as the derived, while the polarity is 0—1-—2.

01)
02)

03)
04)
05)
©06)
07)
08)
09)

10)

20)
21)

22)
23)

0: 13/3; 1: 12-3/3, 12/2-3 or 12/2;

0: canines double-rooted; 1: single-rooted and moderate; 2: single-rooted
and large;

0: diastema between anterior premolars and canine short or absent; 1: rela-
tively longer;

0: P1/ double-rooted; 1: single-rooted;

0: P/1 double-rooted; 1: single rooted;

0: P1/1 moderate; 1: small and degenerative;

0: P2/ double-rooted; 1: three-rooted;

0: P3/ without metacone; 1: metacone present;

0: P4/ without metacone; 1: very small metacone present; 2: metacone as
large as paracone;

0: P4/ without pre- and postcingulum; 1: pre- and postcingulum present
but low positioned; 2: high positioned;

0: P/3 without metaconid and the talonid single-cusped; 1: the metaconid
and the talonid basin present;

0: P/4 without the metaconid; 1: metaconid and talonid basin small; 2: me-
taconid as large as protoconid;

0: the unilateral hypsodonty of posterior cheek teeth not distinct; 1: dis-
tinct;

0: the enamel of posterior cheek teeth not down into alveoli; 1: down into
alveoli;

0: crown pattern of posterior cheek teeth relatively wear-resisting; 1: the
crown pattern obliterated early in wear;

0: the interlocking occlusion of cheek teeth permitted; 1: the occlusion of
posterior cheek teeth mainly surface-to-surface crushing;

0: the upper molars greatly transversely elongated in occlusal view; 1: less
transversely elongated or subquadrate; 2: quadrate or rectangular;

0: upper molars with wide stylar shelves; 1: stylar shelves absent but stylar
cingula distinct; 2: stylar cingula weak;

0: upper molars protocone conical-sectorial; 1: prismatic with sides round;
0: upper molars para- and metastyle small; 1: parastyle as large as meta-
cone;

0: upper molars lingual cingula absent; 1: present but low positioned (near
the alveoli); 2: present and high positioned (far from the alveoli);

0: upper molars pre- and postcingula narrow; 1: wide;

0: upper molars outer roots small but not regressive; 1 outer roots
regressive and the crowns supported mainly by the large inner roots;
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24) 0: lower molars paraconids present; l: absent;

25) 0: lower molars trigonids distinctly taller than talonids; 1: talonids nearly
as high as trigonids, especially after wear;

26) 0: lower molars rectangular with length distinctly larger than width; 1:
subquadrate or quadrate because compressed anteroposteriorly;

27) 0: lower molars hypoconids conical and smaller than protoconids; 1: larger
than protoconid;

28) 0: M/3 talonid short with small hypoconulid; 1: elongated with large and
posteriorly projecting hypoconulid.

Accordingly, the character matrix of the above transformation series distributed
in 18 taxa (include the outgroup for comparison) is given in the Table 4.

The most parsimonious cladogram is easily obtained with the aid of computer.
The cladogram can be generated by phylogenetic analysis software Hennig 86. Some
algorithms generate too many equally parsimonious cladograms due to six taxa (Chi-
enshania, Khashanagale, Wanogale, Anaptogale, Diacronus, Stenanagale) with so
many characters missed. When these taxa are deleted, only one most parsimonious
cladogram (Fig. 7, I) is obtained. In this cladogram, the monophyletic group above
the node F comprises those assigned to Anagalidae with a series of meaningful syna-
pomorphies, and the somewhat larger monophyletic groups will include the typical
members of the other families. The deleted taxa can be marked on the clado-
gram with dotted line (Fig. 7, II). For example, Khashanagale possesses some apo-
morphies of node E, but does not possesses any apomorphies of node F, so it is
marked at node E. All the other deleted taxa are marked likely.

If the family Anagalidae is redefined as the above monophyletic group (above
the node F in the cladogram II), which possesses 10(2), 15(1),16(1),18(2),19(1),
21(2), 25(1) and 26(1) as its apomorphies, the defining characters of the family
will be: |

Dental formula: 2—3.1.4.3/2—3.1.4.3. Incisors unspecialized. Canines single-
rooted, moderate or large. Posterior premolars somewhat molarized. The unilateral
hypsodonty of cheek teeth distinct, with the enamel down into alveoli in some ge-
nera. The molars with the crown pattern obliterated early in wear. The upper mo-
lars quadrate or slightly transversely elongated, associated closely with no embrasures
along the lingual side. The P4—M3/pre-and postcingula high, near the crista, and
the upper molar protocones prismatic with all sides round. The lower molars qua-
drate and closely associated with the paraconids regressive or absent.. The lower
molar talonids nearly as high as the trigonids, especially after wear, so that the
talonids and trigonids of neighboring teeth form a surface onto which the lingual
crowns of the upper molars crush. The skeleton characters are still as Simpson
(1931) described.

The author would like to indicate that the synapomorphies of the family Anagali-
dae correspond with the origination of a. “crush-mainly” occlusion pattern in history.

According to this redefinition, Huaiyangale, Eosigale, Anagale, Linnania, Ana-
galopsis, Hsiuannania and Qipania are essential members of the family Anagalidae;
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Anaptogale, Diacronus and Stemanagale are questionable members included in the
family while Chianshanie, Khashanagale and Wanogale should be excluded from the
family. The latter six groups are only marked on the cladogram for the moment,
and more evidences are needed to determine their status in the phylogeny of primi-
tive eutherians. l

Still, according to the cladograms in Fig. 7, the family Pseudictopidae, repre-
sented by Pseudictops in the cladograms, is most closely related to the Anagalidae
while the Astigalidae, represented by Astigale in the cladograms, secondarily.

The author accepts that the order Anagalida, with all mentioned families inclu-
ded, is not a monophyletic group because more and more eutherium groups are being
related to some subgroups of the order, but the close relationship between the fa-
mily Anagalidae and the branch represented by Pseudictopidae is acceptable and
confirmable.

Within the family Anagalidae, Eosigale and Huaiyangale combine a monophyle-
tic group with synapomorphies 24(1) and 27(1). Anagale is the sister group of the
monophyleric group composed by those with the cheek teeth enamel down into alve-
oli. Hsiuannania and Qipania combine a specialized monophyletic group with Ana-
galopsis as its sister group.

Conclusion

The paper describes two specimens representing two new genera of the family
Anagalidae: Eosigale, a primitive one, and Qipania, a specialized one. Easigale is
possibly the most primitive anagalid, according to its craniodental features.

A cladogram, based on dental features, is generated with the aid of phylo-
genetic analysis software Hefmig 86. Accordingly, the family Anagalidae is redefined
as a monophyletic group with 10(2), 15(1),16(1), 18(2), 19(1), 24(1), 25(1) and
26(1) as its apomorphies. Chianshania, Khashanagale and Wanogale are excluded
from the family while Anaptogale, Diacronus and Stenanagale are retained in the
family as questionable members.

According to the cladogram, the family Pscudictopidae (or the branch it repre-
sented) is possibly the sister group of Anagalidae while Astigalidae secondarily.
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1. H5H#HBE(FR ) (Eosigele gujingensis gen. et sp. nov)
V7425, EfMFRA (Holotype), %x1.5
a. LB (dorsal view of the skull)
b. L&A (ventral view of the skull) .
- FTHBTEW (crown view of both left and right lower jaws)
d. AFHEFENM (lingual view of right lower jaw)
e. ZTFHRBEMM (labial view of left lower jaw)
2.5E8E8(FHR . FR) (Qipenia yui gen. et sp. nov.) V7426.
ERFRA (Holotype), X1.5
a. FEFEIEM (crown view of both left and right upper dentitions)
b. THF5EE#M (crown view of both left and right lower dentitions)
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