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KNS B KMAT S RES"
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I&E & W O£ & RHEX
(1 RV RS 5 ASSDISERT L 100044)

(QTEIRASAEYORR A 330027)

HE. DR THTRXAELRTE IS KE N S RS EAEERKA DEEKA OF
&/ ZBRAFEE ET RGO 6 NERFMHEA B8 2 FE 2 iR, efE 8
T TT#8 ( Zhejiangichthys zhaoi gen. et sp. nov. ) FI/INE B2 1T & ( Baogingichthys microdontus
gen. etsp. nov. ), XRBHERIRTE / “BRFNRBZENNE M S A (GSSP) ERK IR
&/ —BRFRE LT RO RMCA T I W E RIRE,

RS LB 0 R 8y S KA A AR b A BOR R b A T R B =
B RAAMERL R, A KK ATBRGE, FrE M0 ERE , MAHRAR K AR FE/IL 93% ,

W THEM & / BRI RER G LR ZIRMBEL, A BIEMATE L 2
KRG KIGTE =B SR Z AR, B R IR a2 A 2k 208 A N4 R B4R St A
T 1.3 Ma 3|4 Ma, pAHhSTET (5] 55 58, R4 K5 @SR B R ARG RAT LR, R R =81
445 25K IR ( Zhangina ) FIAK B 81281 5 8 ( Hybodus ) AARRMAGBN T & LI
28 1y A R A £ ( Sinoplatysomys ) FIEK B €828 W 824 ¥ ( Sinacrodus ) HRFHIAE -

Eran A A E T D RS AR BN -~ ER ST TRREIX &4
BB E AR, R IET T 7 KR R GRS TR R K =R e ry R B,
KER: R, B/ SBRRLE BEARIRMLE  BRLEK, B R
hE SIS Q915.862 SCHAMRIRES:A X E4S:1000-3118 (2007)04-0307-23

1 i V%

A1

[l

—& /) CB/ARREMNEERSPERN SR 2R 2R AP TN LR KE,
FrAM R A i el Z 2V E . SR ILH AR =8 / =& R F L
B ETIA MO BT L, REE BT SO BT E R Z R, FoVEAE
A HES AR

1) K B REF AT H (4540572021 ) [ E 5K B AR 2564 B 0 H (455 :40332017 ) | H K H SRR
KIBTHRIT A (45 :2006CB806400) | [ bt i %f HeitRi 491 T B M1 % SRR A A B RS Rk BLR AA 3%
I H (445 :J0530189) BBl

Wik H B#1 .2007-02-12
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LIEX M —& / —BRFLRZE LT aIMA I EBEN=AT7 W R, — =Xt
B — B R XA BURF B IR0 MBI IE (RSB IR IR 2, 19635 BRE,1977; £&
BT, 19815 XSS B, 19885 @A, 1997) . X R = At R A HIBE S
(XVZE=,1964; JiflsE, 1981 ; JRfEis BRVE 1R, 1983 SRaAF 55,1997 XEF4E,2002;
W55 ,2003; 411,2006) , = BEMEE &K/ “HRAK LT ABEBIRMLARTIR, X
BWRIRE, R T HRRE =8 S MR W B I (E&E55,2001) KHiiLHM
M %/ “BRRAFREUTHREAE(EEE5E,2007), LR A&l / R =F5fit@
R A ILIE 1o

50 /40 "R
1.
fo
20
3@ ’
7@ o
300 km ’
100°N b 120°N ,  20°E{

B e — Al R=G M a0 1
Fig. 1 Distribution of the fishes in Late Permian / Early Triassic of South China
1. #ITT K % Changxing, Zhejiang; 2. JLFI{EK Xiushui, Jiangxi; 3. VLHI{Z3E Xingfeng, Jiangxi; 4. YT
FAZS Jurong, Jiangsu; 5. LA Hexian, Anbui; 6. -t # A Huangshi, Hubei; 7. J FHHZE
Tiandong, Guangxi

AR SO BT L T G B4, 19815 AR, 19875 F IR, 19955 K ILfs
45,1995; Yin et al., 2001) TP /KZR IS 5 T A5 3 800 O B (RAAKSE,1998) & —
B/ “RAFKE L THEEEIEMEA O HTICR, FAHRE LR Z I HmFLE 1.2
3 B, fEEA - 45E BIDR R ECE ERBUA O (£ &8 55,2007 ) A L T
FL B R IR AA, PHEH L BT & / =8 R CHERERLE KL KGR R
FErE RGBT A LR B I A FITLIR LR AR T R B i 2
WABRITE R — & / B RZ R K5 ALK TR

AXREHE &/ —BRRFLETAEFITRZR,
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2 tARigid

E B £ 4 Osteichthyes Huxley, 1880
1R £ 7 4M Actinopterygii Woodward, 1891
& & & ( 378 ) Baogingichthys gen. nov.

BRI Baogingichthys microdontus gen. et sp. nov. ,
FRAE [ R BYFh,
Wi Baoging 3 B LA 7 — A 44 , -ichthys & fEE/G R, BV E,

INETRS & ( Fi# ) Baogingichthys microdontus gen. et sp. nov.
(K2.3)

IR micr AR, BN/ odontus A BEE , AT K.

ERMRE —HEGER N, DERB RSB H#ESIY 5 T ALIR R4 %5 . IVPP
V 14549.1,

BIBMRA  —HMOF %40 B lE (acrodine cap) B[R BE Fy,V 14551. 1,

JANBRZE B0 2 MR RF ¥,V 14550, 1,V 14551.2 LK 6 A{UARAF 43 B iR Y
F¥5 V 14549.2-7,

FHMEREA V14549 1-7 P B ¥R MW Z JlE, R A5 (AT 21 ) 403108
AELS77,AEL881( fi42 2 1) ,AEL882-2  AEL882-3 il AEL882-4 ( 42 2) , AELS83 (5
KRIZ3) KM L Act232, V 14550, 1 7 B VLGB /K AR 16 & I < % BRRHER, B AL
S Xdfo-1, V 14551. 2 P AVLVI{R £ & A ORI KX B ILAR T, E6 5. T26;
V 14551, 17 B LS5 E8A ORI KA, 2005 : T4,

HHE R, L AR , BN ELEA B A AR , 4k A — 00 52 s AR, 55 — il
I PAF VA 1) T i B o B AR AR R KRR A S, A 7 A E R 02 v A S L /DB A
BIGATH 80 2R T UL 260K, B Z BT WM 4H 80 Rum g, B8 T 6 &,
S5 B i AR 2R AR - R R B A B A B AR RIm R 5 15 R B S NG
28 AR FI

#id PN, B BT B R I IR Ak T NE , 2 SRR, R I EL B 2
it , MR B — 2 AR, o5 — B ™ HS , M S 2R g ) 1 o7 B A 45 R OR L B 2, 9 B
JEH AR BB E 80 G T R UL 2 AR, B AT R m 408 80, B i I/ .
23 [ W s T 28 15 T AR, LAV 14550 1 ARACH 6], R i fT B £ 0. 3 mm, 2F 46 T #F K
0.4 mm(FHEHM WK 1), V14551, 1 H—HHE B 10 BE A, 7 2 0 5 A 4 o (7
Fa g YA FL2E B8R 5 I v -5 47 T =z [A) A 1A JBT 5 0 ) DA 6 B 2 () g SR R R

b X EICIRE AR T L B B DA M S 28 B I I, R IR TR I NS
AR ST VLA 2F 25, Rl 2 B 1A B g+, R 40H 80 F i TR R A BT M
LS, AR HAF S W B AR TR R, A S RBUERT S, E5™
EE WK =51t # Birgeria sp. (Rieppel et al., 1996 ) F17= B 12 [ Wk & th: i) lonoscopus
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300um

B2 /NEEEE S CHR B 8075 5

Fig.2 Teeth of Baogingichthys microdontus gen. et sp. nov.
A. V 14549.1 (IE&IFRA holotype) , Aa. U3 in lateral view, Ab. 2Q¥ Fi0E & E AR acrodine cap with
lateral flange; B-G. V 14549.2-7, 2Ru5 i1 acrodine caps; H. V 14550.1, MUY in lateral view; I. V
14551.2, la. U4 in lateral view, Ib. 258 B LA acrodine cap with lateral flange; J. V 14551.1
F YT longitudinal section, J-1. BEERHK detail
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FI A4 ( Thies and Mudroch, 1996 ) 75 %t 2k 4H
1oL, b AN B A K, BB B A M4 A A 1) B
8%, BN EARTHHERR, R
i [ W 2 s SR HEAR , — I 52 AR, S —
s, I E LS, ARTEENE, K
THRELEWERT. T EE, X
TR SR ISR AAE N —BT B, MR H B
( Baogingichthys microdontus gen. et sp. nov. )

F1 NEBRE&(HE.FW) FENE
Table 1 Measurements of the teeth of Baogingichthys

microdontus gen. et sp. nov. (mm)
b F ik SR , ]

| | B3NGB SRR ST B F A

Specimen Length of tooth Length of acrodine cap X _
B,V 14551, 1, R R 1
V 14549.1 >1.4 0.9 Fig.3 Restoration of a tooth longitudinal section of
V 14550. 1 0.7 0.3 Baogingichthys ml',crodo.ntm gen. et sp. nov.V 14551.1,
showing histological structure
V 14550.2 1.0 0.6 ac. acrodine 2% % ; cg. collar ganoine 4HERAH
% i ;de. dentine 15 i

& ( REF) Baogingichthys sp.
(1 4)

FRA 2 MOF i RJRBRRIE, V 14552.1 F1 V 14552.2,
PSS ERAL WL Z FE 4R 2, B (5 . AEL882-1 Fll AEL882-2,

B4 HEHECREM) A
Fig.4 Teeth of Baogingichthys sp.
A. V14552, 1, Aa. R55F0E, fUI#1 acrodine cap, in lateral view, Ab. 423 B0 S EHAWBE acrodine cap
with lateral flange; B. V 14552.2, ¥/ g S EMIAE acrodine cap with lateral flange
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fid X BRI (O R 1 2O B AR BB T 0, V 14552 1 AR i
1.0 mm, 2R R, % BB, M —0eg NS, 75— M2 N ®, BA T R4HE S
(EFER I FIE) o

Phdr s BRI U RIRERRIE R -5 /MG B T A A R 2 EE BRI, EL N ss AR
SR , DR PR L , (B AR AR AR — e i, 75— DU B 207 L, 3 [ ) 4 6
KEEMRA R T /IMEET &, FrL AT BV 06T f (CREM) (Baogingichthys sp. ) o

EEEf P28 1 Actinopterygian tooth type—1
(F5)

A —MGER L V14553,
FHERA {TFB KRG H % 4H EBURER, R {15  Xdfo-2,

i —HBESBRREE AT L5 A R R IR 5
HIE A E—A LR A MABE, ZF 51K 0.7 mm, 4R
S FIEE 0. 3 mm, A UtH oL fraitio

BB TN R TR f2E  (B5F U 2R g #R
2T H— B A e T A T T B S R A LR R
Ho BAUE 1 HOFE, BRI, BT LU 1N
FREE I 1,

| — W #Z & H Palaeonisciformes Goodrich, 1909
-~ 200 m

HEE T B Palaeoniscoidei Berg, 1955
S R A 1(V 14553) F A ZE ( Family incertae sedis)
Fig.5 Actinopterygian tooth #iL& 8 (#7/8 ) Zhejiangichthys gen. nov.

type—1(V 14553)

FHE  FJR B
iR Zhejiang A HIHIE 4, —ichthys A7 BB, BN,

EBF  Zhejiangichthys zhaoi gen. et sp. nov. ,

X ECHTTL& ( 3h#h ) Zhejiangichthys zhaoi gen. et sp. nov.
(E6.7)

AR MEBTEANGAEYFRREESRRE, MY KM -8/ B RAKNPAR
HIFOMERI TTER

ERFRER —MGEER A,V 14554, 1,

BIBUARAR  —HMCH YT,V 14556. 1,

JANBRAE FAM3 WS R ¥,V 14554.2 F1 V 14554, 3,V 14555. 1,

FHSRA V14554, 1 F1V 14554. 2 7= UV ML Z FIE A TR, B A S
AEL874 F1 AEL879,;V 14554.3 7= AR MM TH, BT : Actl26, V 14555. 1 = BT {&
JKEIE, KM EBURER , B AL Xdfo-1;V 14556. 1 7= BILVPE(E F KM EBORIEES, 2
5. JP5,
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F2 BERINIE(FEJHF) FENE

Table 2 Measurements of the teeth of Zhejiangichthys zhaoi gen. et sp. nov. (mm)
LIS FHk R ERS
Specimen Length of tooth Length of acrodine cap
V 14554.1 1.1 0.10
V 14554.2 0.6 0.10
V 14554.3 0.9 0.15
V 14555.1 0.9 0.15

100 1 m

6 BXERHLE CHR B BF I
Fig. 6 Teeth of Zhejiangichthys zhaoi gen. et sp. nov.
A. V145541 (holotype), B. V 14554.2, C. V 14554.3, D. V 14555.1, A-D. {1 in lateral view; E. V
14556. 1 ZAHTITA longitudinal section,E-1. JEERHCK , BRZHLIFHITE its detail, showing histological structure

FHE TR, BRHER, I, DGR JOAUH ; R TR/ N IR, BANAR ; 4
AREE o Bith BT (vitrodentine ) i 15 5 8 A8 4 L 20 A i, A8 o0 A0 B Lo — 20 35 IE 44 5
(orthodentine ) B4 B8 FLJ3 A% 5 2R3 5 -5 147 B 20 7 AN G 5 IS B B3 SR 2 A

B RGN, BRI, w2, J6 IR To80H ; A B/ R IR E 1 B
b BAFEIPR, AR, FEARET . BIRARA D — B8 T 6 A, Bm
SF U B H AR RIS AR o BB RO 14 o A 0 A e A o BB T o 35 1
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- O A B

& 45 %

JR AP B IE R BRI R RSP T LR 2,

200um

B7 BRI CHR B BT
HYUIH R IR (V 14556. 1) R AR
Fig.7 Restoration of a tooth longitudinal section of
Zhejiangichthys zhaot gen. et sp. nov. (V 14556.1),
showing histological structure
(455 W 3 for abbreviations see Fig. 3)

AR EMTERAIE N B8 SRR BB A, 2 A, AR T —

bk ARSI A KON AL
EIET%"%@B’J AZEEE (Janvier, 1996 ;Poplin et

, 19975 ER&EEE,2004) (BN EBRBAEL
Eﬁn%ﬁgzﬁﬂﬁ&%m WA B
AR AR BRI FE R aE R
A BZES DG Pl iE s A 8ok (B
F,1977) . i X, X BT A B 5 1 4 )
A, Ji B R AR He BN, AR T LB E
WS EMG ., HAR R AT B4k
WA F) T 456 8 ( Eosaurichehys ) B9 25 15 (X1 58
= BF,1988) , N WWIESHE, XBid
RELA 57= 8 % E Codere £ 3th L — F it
Autunian ( B By ) # Usclasichthys maerodens
(Heyler, 1977, fig. 8b)H E4Hik, tbun2F i
g, B/ R iR S, ERNTMIRA S
Codare 733t FIFR A A7 7E A 3 22 X B 7E T 4R i
FEESE /N, e B BANAR 53X BT IR AR AS 1 o
a3 X5 T B 914 o

BB AR5 % B, 35 RS DB 8] 2 S XA o DR ERAT TR X B 8 AR A A 2

H—EER, X HTVL A ( Zhejiangichthys zhaoi gen. et sp. nov. ),

JIt LA A U2 J X LA €

B T{UE A 5 R,

Z 45 & B Perleidiformes Berg, 1940
A 55 | Perleididae Brough, 1931
AR B A E ) Perleididae gen. et sp. indet.

(E8)
BRAE —HORSEBR A S,V 14557,
PSR WM Z #m 5 4

100 um

M8 RiGar (R FRE) —HCHE (V 14557)
Fig.8 A tooth of Perleididae gen. et
sp. indet. (V 14557)

22,2005 AEL882-3,

fiid  — AR T, R 2 T
AR BARB MR, MHE 38R FR
B AR A 20

beir XA SERE I F A 7 R A
HEEL T URNMCEN R dik. T hR
Z JEHEIE , AR P s R o i, BAR 40 B R
80U EAFT EHICRR T EHER, BES
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BB S 89 5 L AH IR (Lehman, 1953; 75483, 1981; Selezneva and Lozo-
vskiy, 1986; £k F4F,1997; X|5FF%F,2002; £ M5 ,2003) , Bl FAEREARS, M
ZHE D BRI E A B, B AR VE A R e B (B L F AR ZE ) (Perleididae gen. et
sp. indet. ) o

5 #& £ H Amiiformes Nelson, 1994
+ &%l Caturidae Koken, 1911
+1t& 8 Caturus Agassiz, 1834

FIHEE (iE{UE) f. Caturus
(E9)

WA MR T V 14558,
SR ISR OB, KT, RS TS,
Wik — M B AT, B R4S
ST E 4 - 42 R 0 B KR O 4y, F K
0.9 mm, SR FEIEK: 0.45 mm , {1l ELB] @ 5
R B O T 1 O B o AR A, S
T, 3T 5 B F A 00 F 3 T T
HRTAF BB B DK/ KT 15
b T RBOB RIS TG
ERRE A CRER) BRI, B Uy
GEE ST R R R R — (o
TE, F W T HEA LB KRS Rk ERYy 100un {
KMy BN E FRE A, BTk
FHE5- A EERKD HE) Caurus (Thies B9 & EGELUE) —HFHE (V 14558)
and Mudroch, 1996, pl. 2, figs. 9-10) B2 Fig.9 A tooth of ef. Caturus (V 14558)
7 FCEARE , i 51 22 0 R B 00 9 0K A FRFYIFPAR showing tooth form;
SE¥ S TR, (8L 7F B T 8 4 £ AN B B. IR SEHBMEL showing lateral flange
BRI, B ARRTEE . BRI—HFt, B EAFNE, TS TR Caurus 13
JRo Caturus JBA4) A 1E M = 2 3 0 B At O R

3 9t

3.1 I KRMGIABKNEE-E / ZEBRARE L THEERELA
A b 158 B #0448 YU 0 TR 8 0 ) AR B e ST A
18 & 41 4 Osteichthyes Huxley, 1880
IEEE A4 Actinopterygii Woodward , 1891
/NG TR . CHTB BT RR) Baogingichthys microdontus gen. et sp. nov.
TEH B (K ZEFP) Baogingichthys sp.



316 - N A B B 45 %

IREE M P25 EY | Actinopterygian tooth type—1
54 H Palaconisciformes Goodrich, 1909
P48V H Palaconiscoidei Berg, 1955
X EHITT B GER B ) Zhejiangichthys zhaoi gen. et sp. nov.
24118 H Perleidiformes Berg, 1940
5%} Perleididae Brough, 1931
ik R (B FPAE) Perleididae gen. et sp. indet.
5 g4 H Amiiformes Nelson, 1994
Fnt & Bl Caturidae Koken, 1911
Tt R GELUR) of. Caturus
#F A4 Chondrichthyes Huxley, 1880
H 8 % TV 40 Elasmobranchii Bonaparte, 1838
B #AASE Order and Family incertae sedis
XN HE L & Meishanselache liui Wang et al., 2007
F KK &% Changxingselache wangi Wang et al., 2007
Bk Euselachii Hay, 1902
Fi % #A} Ctenacanthoidea Zangerl, 1981
Hilli %%l Ctenacanthidae Dean, 1909
e ()8 JFhASE ) Ctenacanthidae gen. et sp. indet.
S Al Hybodontoidea Zangerl, 1981
5 BB RS A28 28U 1 Hybodontoid scale type-1
5%} Hybodontidae Owen, 1846
SR (JE FAE ) Hybodontidae gen. et sp. indet.
4245 % P Acrodontidae Casier, 1959
AU % Sinacrodus Wang et al., 2007
RIS R & Sinacrodus donglingensis Wang et al., 2007
2345 % F} Polyacrodontidae Gliickman, 1964
15 %, Lissodus Brough, 1935
18K 1815 % Lissodus xiushuiensis Wang et al., 2007
£ Y2 % Polyacrodus Jackel, 1889
L £ 4218 % Polyacrodus jiangxiensis Wang et al., 2007
i %25 Neoselachii Compagno, 1977
e 254 H 258 1 Neoselachian scale type—1
g2 FH25M 1 Neoselachian tooth type-1

ARSI T HREE 2 2 NER A R R LA A ME S H A, AR T A CRER)
Fatg a2 A 1, S A (R A ) FIR k&R GERUR) . EASCHIIIRE
(EZE5F,2007) AFinid THRE B 3 BR,S Bifh, KAer (& FfAE) , 58
BERR 1, SEM (R MAE)  BTERBE KT 1 MBS ERE 1 bha, UM
R XEHITAR T 16 DA EAMIELG,
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3.2 BT KMEBLSE _BLREEMNERER
3.2.1 WRILRHL Z FIEA D FIE AR

WL LR — B/, R AP M AR 73 fiE ALB.C.D.EFIZ L6 2% / =
B RRAHE, L HEZEE BRI, 2001 4 EFRHFB:M i D $IE/E 28R
TR/ CRRRLERTEF S AL (GSSP) I E 1 27¢ LA IR L I T 2B NI PR ZR R
(Hindeodus parvus ) YE A =L FFih. Z FIEFRA B0 RBAHITHE, BE D R HERIE, PIF)
2582 R DA Rl R R RE 2,2 B TH ) AELS82-1.2.3 f14 E 3424 T D
HIEA 27 2 ab.c 1 d B (ERIR,1995; &8 E+H¥,2003), Z FimEA D i
LKt am 5FE LA =W,

EHIS—RNE, KMELFNE =& / “SRALKEEDN IR RN, RLERAE
32 3\ B A WIS R SZ IR (Bottjer et al., 1998) , G35 # 35 fliA b A 70 N 89 Br A Uik b A
HR 2 R TR, A T Fe JE K AR W st 2 ) R U B X 48 K — B IR B SE B8 T AR AT i) 2
Bl (RFERTE, 19965 FRUIR,1998)

3.2.2 KM Z FE fa 2 A 7 RER R RO 45 K AF DL

BTV B e K O TR (AEL8T9 =24 ETIHR) BI7E F (B R LT 4K,

INETETT AN EER(AELSTT 2 =24 RJIK) ] b SE{ 2 M 4t 22 SRR AN AE )
B RLIKRLE 3(AELSS3 =28 2) , #F AR & 4% B 5 L By ( Griesbachian) ,

B A (REM) UKL TAROTA KR (AEL882-1 =27a, AEL882-2 =27b), B
WrE B, ZE B Y B R R T 4K,

Bre st B2/ 1 LR LT KO i BT

S (& FIAE) BRI T B AR ) _E A K A TIER (AELST9 =24 |2
T )  TEF PR R T 42K,

HGER (B B ) W ENTAYMERLZ £ (AEL8S2-3 =27¢) , h—Hi4EH
(debutant) (& 10) ,

3.2.3  WITLRKMIE L SR A ER 4 KIS

1) 4R, ARMXELFmEXSXABRLERISRT 6 e iba, KhadE
BEE 2 2 Fh X IRIA e B (X 7B B ,1988) Il P A R ik e (BT ,1977) s B #2853
Pl B o ( B R%ES2,1981) (Fm KM ( AR XIEE,1981) KK A
(4324 ,1997) FEK B fa 2 — P K P AR TR 5 e (X ZE = TR IR 8, 1963 ) o A< SR SC
(E&BEE2007) 18R T 9 Pt o, Kb @ ez 3 . X Rl a (R .
B SMETEE A GHRE ) MEEFaCGREM)  REabtam e M. XRELE . T
REXME R ey AMer (B FMAeE)  SE0RRH 288 -1 S &R (F.
FIARRE) o AMER ), BIVTAS IR LR TE K 24 B e R B 2 iR b A 38 15 F, AP (Y
BIAOGH &/ Z&RARKEAF R =&, K14 Fattad, B2 Fata
Yo K TRMMBZEZ T, H—FM@a X TEPHEREZ T Hp 11 Fafba st s 8
RAWENTRLRE (B ENR A fE R4 K T R L E X — B, BT LLan e i, 2B A
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Bed
Fishes PTB Section Z | Thickness (cm) Bogg((li:ry Fm | Stage [System| Section D
+ | Boundary
884
Q
g
Bao ‘2
883 - 2| o 28
= 1 8 § @ 7
Biostratigraphic 852-4 L=—1= L g 8 5
Per boundary T = — H. parvus ks S| &
® 882-3 L T L T Boundary %D 27e
T—T 16 Bed2 —| £
Bsp 882-2 < I = 1 = > 27b
— 1 — [ =
[ =T —
882-1 [ = [ — T — 27a
I I I
=1 —T= E‘)
S Boundary 7 Z,
881 LT & 26
Eventostratigraphic o .4. Bed ] = =
boundary — = 5
Zhe 880 % Boundary clay 2| @ 25
50
Hyb 879 T T — g
L 24
——— s
878 5 é
| I
877 T I — S
_l_l_l_ 2
5—— =
876 I : E“
: I |r I =
875 F——T—9— b 237
! I : I
I
i I 1
874 —1—%r—1|0—
v L I L I

Bl 10 i <Ml Z & P/T FAJE E TR
Fig. 10 Fishes in the Permian-Triassic boundary beds in the section Z at Meishan, Changxing County,
Zhejiang Province, China { After Wang 1995, with some modification)
Bao. Baogingichthys microdontus gen. et sp. nov. ; Bsp. Baogingichthys sp. ; Fm. Formation; Hyb. Hybo-
dontidae gen. et sp. indet. ; Per. Perleididae gen. et sp. indet. ; PTB. Permian-Triassic Boundary; Zhe.
Zhejiangichthys zhaoi gen. et sp. nov.

KX P/TREBRMHEZ T IR A4 R B4 K5, B XHEEXEEI1CiRE 15
Fheafba R 14 Ml ReR4e R F B8R, L REREIB% . X5HEEHF _&LKM
TG TCEHESI Y T4 K2R 95% —100% ( Yin et al., 1988) FiS AR & Haik , i —
A T S AR R A SR R4 ROR AR T LR T R B B S IRER R 48 K S 14 A AR i)
KE— KX —iE W1 (Raup and Sepkoski, 1982)

2) MR KA R & ZAR 58 0 1 S BT (8] PR 2P R AE Y, REATE [l — 7K A [R)
XTI AT 32 1R A R 0, XI5 22 AR R B R 26 4 KA R . S )2
A — e 40 K, AN ERHT VL A I 5 808 (JB PR ) fb A, 3R B I s 8 X 4K 9 75
I fEFN4EL(3°0) Bk (8" C) R & MBI ZU AR AL i Tt 32 TR T /MG B f g i fa (R 8
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M) o X—FEH P/T A YHLR AR BT A e — B i i 2R — R IE T4, /M
HHEAPT T XAFEMBEAEFE

3.3 £HRE=BH&XNEHMES

e (R MAEVAXRATRMEL ZHH "% / =S REYHEREZ E(Z
#ITH AEL882-3 =D &I 27¢) , H B LK AE, ©5 B LB/NREE/R R ( Hindeodus
parvus ) 3 T8 — 207, T 538 098 XL B E R W =Bt w9 G . Bt 7E R A B MK TE
IRHNBESLT 250 LA &R R FIOR & ) (o e rlE R Bt e FF I

R R A M AR FE R T I CEBCMALAT N, A RaREENL
A7 B R =& ME kAR (BREFE,1997) 5T F A _E# (X% ,2002) , FF
PtE—EME 7 L AAA R REAE Y TR B, = L e m A RS A 28T
7k I #a ( Zhangina jiangsuensis ) F— 26 J& Fh 4G £f 37 — 22 1 & O W B ME €826 (ERIBF 55,
1997; X5EFRE,2002; &M% ,2003) , LEANEWD L M A R E SEKNE T
G £ ( Zhangina yangtzensis ) ( 21, 1981 40028, 2003; 4§48, 2004; 400,
2006) , 7= s R STLAAHIE . AL E A #k A 77 B RIGASE 4 B, K30 24 T Olenekian
YL, A KBS K 1 ( Plesioperleidus dayeensis) ( 77815 B4 48,1983) . J U R =
Bttaar LR, > A HHAR R =AM P4, BT Olenekian [ Spathian
B, & A B A0 1% =5 8 ( Hybodus zuodengensis) 5 IR 75 82 ( Hybodus yohi ) F1H
% 4:15% ( Polyacrodus tiandongensis ) ( F/4 845 ,2001) LA K= BT Fa XL F. =8 5
20 1923 AR 28 KL L P A2 2 T A ( Sinocoelacanthus fengshanensis ) ( X ZE5,1964) (B 11),
M2 AEE R =S i AR AR A MRS B HE S IR I S B
K BREESMPARG BN HER, HPEFREN ARG A S8, Hifa
KB TUEBRFRE W2 BIE"  MERE N R g ads” , ke, mh AR ERY
EEE RN ZRE T KB E B, BIER O “RE IR IE 287 (Agassiz, 1833; Stensis,
1921, 1932; Brough, 1939; Lehman, 1952, 1953, 1966; Beltan, 1996; Moy-Thomas and
Miles, 1971 ; Patterson, 1982 ; Selezneva and Lozovskiy, 1986; Janvier, 1996 ) , fiN#X EQ#TTL
B (HRE HF) bt mibf, SBEMSBRE MBI PARRESE, BREART R
=5, MR EE RN E R TEER S, AEEH ERE=8HIKRA(H
W) —S B (582 IRNERNAEG BN T UhERfa (higE) —PelihE
(BEFaE) ARENBR _EIHHAE,

FEATENE, R =80 il T ARE T WH = RAEH AR &
B RBESNREEISEREHNERCIERN T ABER, A 4 M 1ER, RS
SRR LI AR TS i i 2 DR 8 8 MR AT T EM, BT /METRE
B LR KA Gk RE RGNS T A KRS EESER BRZAREE LS
esiita, X+ EREM) LR 6 ME R tEHBE S, XRUEHER =8
HEHHE PR BRI FEM R EY AR SR RKE, BB,

M B LR A ERE YK (251 Ma) $| R =S EDEE B e B (R UT4L B38) (2928
249.7 Ma) 53| Spathian ( B #4H , K124 247 Ma) AR, 407 IS N BB 4 KB 2 05
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MRS IARLANUA T 1.3 Ma 2| 4 Ma; A abt a5 f&, 46/ —8 / =842 ALK
KIGE|I R =& RN E I MES B RN, XTHREZSLREENTHEHENYE
R KM JE )2 7 FEE ST E WA E F 1 £ B E fig 18 (Pitrat, 1973 ; Schaeffer, 1973;
Raup and Sepkoski, 1982; Z=F7%%4,1986; Erwin, 1994, 1996; #3435 ,1996; Bottjer et
al., 1998; FERLIR,1998, 2004; J7537K,2004 5 JLRE55,2005) o (BT 87 — & LR K
SR K, DL R AR B =S R IR RS W 48 AN 2 (Pitrat, 1973 ; Schaeffer, 1973 Pop-
lin et al., 1997; T&%8,2006) , AR EIR TS / B 7R L2 AT 1 F1 & {7 (GSSP)
AN ERRE,

B — R BRI L, R e S IS A 2 7 ) R O e SR B S — L
T ERE, tbinth e 1 ( Eosaurichthys) \F4E R {8 ( Sinoplatysomus ) | HAEHE R % ( Sinohelico-
prus) AR & ( Sinacrodus ) % 577 THREHT X =B/ LM — L8, L0 1 ( Saurich-
thys) JR R ( Platysomys) \JiE % & ( Helicoprus) (AT % (Acrodus ) A # AHIL , X R AH4E R
THTXIEA RERE R KB TR X ) =& L 21 & IR

3.4 XTEEUENEFESZ

# 1Y Elasmobranchii 147 th Al 8V 40 2 4 Al B85 S 40

Fioh, LB X — RN E L LR & F -selach FHEM—NEFE, LA 3 K
I JLA B Meishanselache (111 %) #1 Changxingselache ( 1 238 ) & A 5 Hi-selach (&) ; T
Sinacrodus ( PHEYANNE) | Lissodus (1§15 %) F Polyacrodus ( 291K 4 ) WIASE J5 B -selach,
BEEERE AR ENE T, XFFERERNIC 7 2004 FHCE PR (8 85%,2004), H
MTEF RO B XN, AR T L @z,

Bt ZAR EZEEFAAWES —FHRKAR LI GRS & LBREALE HERAL
R R AN 2L 3] E R B RIRAL B & R ARG 0 8 4 2% A L A VB ILET L B RiE4E
AEFRAG KA B R SAAE LR SR Fo B RAF R 9429 & KRG TR A A B B
22003 59 A ARk 1) RERITHE BT M & KB FATT 28018 G. Johnson Fo
A. Ivanov 5§ — Vit T AL RAHSG R LE AR A AR 2R LR A fof
PP E AL R BN RS R AR £ 00 T Y E G B VR A L SL RO S i Bt
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BOUNDARY BEDS IN ZHEJIANG AND JIANGXI PROVINCES, SOUTH
CHINA AND FISH MASS EXTINCTION, RECOVERY AND RADIATION
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Summary

The actinopterygian microfossils dealt with in this paper were collected from the Permian-
Triassic boundary beds in Meishan section, Changxing County, Zhejiang Province; Dongling
section, Xiushul County and Tieshikou section, Xinfeng County, Jiangxi Province, South
China. This is the first report of actinopterygian microfossils at the Meishan section where the
GSSP of Permian-Triassic boundary is defined. The fish microfossils comprise actinopterygian
tooth type-1, Zhejiangichthys zhaoi gen. et sp. nov., Baogingichthys microdontus gen. et sp.
nov., Baogingichihys sp., Perleididae gen. et sp. indet. and c¢f. Caturus.

This is the sixth report on the fish sequence study near the Permian-Triassic boundary in
South China.

The material described herein is housed in the Institute of Vertebrate Paleontology and
Paleoanthropology (IVPP) , Chinese Academy of Sciences.

1 Systematics

Osteichthyes Huxley, 1880
Actinopterygii Woodward, 1891
Baogingichthys gen. nov.

Type species Baogingichthys microdontus gen. et sp. nov.

Diagnosis As that of the type and only species, Baogingichthys microdontus gen. et
sp. nov.

Distribution So far know only from Late Permian in China.

Etymology The genus name derives Baoqing village near the Meishan section; -ichthys,
a Greek suffix meaning fish.

Baogingichthys microdontus gen. et sp. nov.
(Figs. 2, 3; Table 1)

Etymology The species name derives micr- ( G. ) meaning small and -odontus (G. )
meaning tooth.

Holotype A complete tooth, IVPP V 14549.1.

Paratype A longitudinal section of a tooth acrodine cap, V 14551.1.

Material Other two complete teeth, V 14550. 1, V 14551. 2 and six tooth acrodine
caps, V 14549.2-7.

Locality and horizon V 14549.1-6, Permian-Triassic boundary beds of the Meishan
section Z, horizon number; AEL877, AEL881 ( Boundary bed 1), AEL882-2, 3 and 4
(Boundary bed 2) , AEL883 (Boundary bed 3) and V 14549.7, upper member of the Chang-
xing Fm., horizon number; Act232, Changxing County, Zhejiang Province; V 14550.1, lower
part of upper member of the Changxing Fm., Xiushui County, horizon number; Xdfo-1;
V 14551.2, lower part of the Yinkeng Fm. (Changhsingian stage) , horizon number: T26 and
V 14551.1, upper member of the Changxing Fm., Xinfeng County, horizon number; T14,
Jiangxi Province, China.

Diagnosis Acrodine cap high, near one half of tooth length, cone-shaped with anterior
and posterior flanges, one side of the flanges flat and the other convex, ornamented with some
fine and sparse longitudinal ridges; lower part of tooth conical with developed fine ridges. Den-
tine tubules in both acrodine and dentine fine, long and dense; boundary between acrodine and
dentine or between dentine and collar ganoine being irregular.

Remarks The teeth described herein differ much from those of both Sinoplatysomus
(Wei, 1977) and Eosaurichthys (Liu and Wei, 1988) in tooth shapes and also from those of
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Zhejiangichthys zhaot gen. et sp. nov. in both morphological and histological features. But they
are similar in some aspects to those of Birgeria sp. ( Rieppel et al., 1996) from Middle Triassic
of Nevada and Jonoscopus ( Thies and Mudroch, 1996) from Late Jurassic of Germany, such as
high acrodine cap with anterior and posterior flanges and ornamented with fine longitudinal rid-
ges. However, they are different from the teeth of Nevada in having a cone-shaped acrodine
cap, one side of tooth flanges being flat and the other side being convex and ornamented with
sparse longitudinal ridges. They are different from the tooth of Germany in having a few but de-
veloped ridges at base of the teeth. Therefore, the teeth described herein are named as a new
genus and species Baogingichthys microdonius based on both morphological and histological
characters.

Baogingichthys sp.
(Fig. 4)

Material Two acrodine caps, V 14552.1 and V 14552.2.

Locality and horizon Permian-Triassic boundary bed 2, in the Meishan section Z,
Changxing County, Zhejiang Province, horizon number; AEL882-1 and AEL882-2.

Remarks Acrodine caps described herein are similar in shape to those of Baogingichthys
microdontus gen. et sp. nov., such as high acrodine cap with anterior and posterior flanges, but
they differ from those of B. microdontus gen. et sp. nov. in having more convex flanges and de-
veloped ridges. Therefore the teeth dealt with herein are regarded as Baogingichthys sp.

Actinopterygian tooth type-1
(Fig. 5)

Material A complete tooth, V 14553.

Locality and horizon Lower part of upper member of the Changxing Formation, Xiushui
County, Jiangxi Province, horizon number: Xafo-2.

Remarks The tooth described herein has a clear contraction between tooth acrodine cap
and lower part. It differs much from other teeth described in this paper and similar teeth are not
discovered in other localities. Therefore it is regarded as actinopterygian tooth type-1.

Palaeonisciformes Goodrich, 1909
Palaeoniscoidei Berg, 1955
Family incertae sedis
Zhejiangichthys gen. nov.

Type species Zhejiangichthys zhaot gen. et sp. nov.

Diagnosis As that of the type and only species, Zhejiangichthys zhaot gen. et sp. nov.

Distribution So far know only from Late Permian in China.

Etymology The genus name derives Zhejlang Province and ichthys, a Greek suffix mean-
ing fish.

Zhejiangichthys zhaoi gen. et sp. nov.
(Figs. 6, 7; Table 2)

Etymology The species is named after the late Professor Zhao Jin-ke, a famous paleon-
tologist, who had a creative dedicate for the study of the P/T Meishan section of Changxing
County.

Holotype A complete tooth, V 14554.1.

Paratype A longitudinal section of a tooth, V 14556.1.

Material Other three complete teeth, V 14554.2,3 and V 14555. 1.

Locality and horizon Top of the Meishan Member ( horizon number; AEL874 and
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AEL879) of the Changxing Formation in the Meishan section Z (V 14554.1 and 2) , lower part
of the Changxing Fm. (V 14554. 3, horizon number: Act126), Changxing County, Zhejiang
Province; Lower part of upper member of the Changxing Fm. both in Xiushui County
(V 14555. 1, horizon number: Xdfo—1) and Xinfeng County (V 14556. 1, horizon number:
JP5) , Jiangxi Province, China.

Diagnosis Teeth small, slender, smooth, cone-shaped and slightly curved; acrodine cap
very small and translucent with anterior and posterior flanges; acrodine composed of vitrodentine
with tubules sparse, without branch or with bifurcation in the top of some tubule; dentine tu-
bules branched; boundary between acrodine and dentine or between dentine and collar ganoine
being regular.

Remarks The teeth dealt with herein differ much in tooth shape from those of Sinoplaty-
somus from Meishan section in having slender tooth with a very small acrodine cap ( Wei,
1977) and Eosaurichihys also from Meishan in having developed and slender tooth ( Liu and
Wei, 1988); but they are similar in tooth shape to those of Usclasichthys coming from Autunian
of Codere ( Heyler, 1977) such as slender tooth with a small acrodine cap, but they are differ-
ent from the specimens of Coderg in having a very small acrodine cap with anterior and posterior
flanges. Therefore the teeth described herein are named as a new genus and species — Zhe-
Jiangichthys zhaot based on both morphological and histological characters of the teeth.

Perleidiformes Berg, 1940
Perleididae Brough, 1931

Perleididae gen. et sp. indet.
(Fig. 8)

Material An incomplete tooth, V 14557.

Locality and horizon Permian-Triassic boundary bed 2 (Early Triassic) in the Meishan
section Z, Changxing County, Zhejiang Province, horizon number; AEL882-3.

Remarks Tooth dealt with herein differs very much from those of other actinopterygian
forms described in this paper but is similar in tooth shape to those of Perleididae such as the
tooth has broad cone-shaped and double convex tip carrying fine ridges, therefore it is regarded
as Perleididae gen. et sp. indet.

Amiiformes Nelson, 1994
Caturidae Koken, 1911
Caturus Agassiz, 1834

of. Caturus
(Fig. 9)

Material A complete tooth, V 14558.

Locality and horizon Top of the Changxing Formation, Xinfeng County, Jiangxi Pro-
vince, horizon number; T5.

Remarks Tooth described herein is similar in tooth shape to that of Caturus from Late Ju-
rassic of Germany, such as a smooth acrodine cap with expanded lower end, but it differs from
the latter in having many small pits at lower part of the tooth, therefore the tooth dealt with
herein is regarded as cf. Caturus.

2 Discussion
2.1 Permian-Triassic fishes in the Meishan section and their end-Permian extinction

There are sixteen forms of Permian and Triassic fishes ( both macro-and micro-fossils) de-
scribed in both the Meishan sections D and Z of Changxing County, Zhejiang Province, China.
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They include actinopterygians: Sinoplatysomus meishanensis (Wei, 1977) , Eosaurichthys chaol
(Liu and Wei, 1988), Zhejiangichthys zhaoi gen. et sp. nov., Baoqingichthys microdontus
gen. et sp. nov., Baogingichthys sp. and Perleididae gen. et sp. indet. ; sarcopterygians:
Youngichtys xinhuaensis ( Wang and Liu, 1981 ), Changxingia aspratilis ( Wang and Liu,
1981) and Changxingia weii (Jin, 1997), and chondrichthyans; Sinohelicoprion changhsing-
ensis (Liu and Chang, 1963 ), Changxingselache wangi, Sinacrodus donglingensis, Meishan-
selache liui, Ctenacanthidae gen. et sp. indet., Hybodontidae gen. et sp. indet. and Neosela-
chian scale type-1 published in a companion article of this paper ( Wang et al., 2007). Among
them Zhejiangichthys zhaot, Hybodontidae gen. et sp. indet., Baogingichthys microdonius,
Baogingichthys sp. and Perleididae gen. et sp. indet. have been found from the Permian-Trias-
sic boundary beds 1, 2 and 3 of the Meishan section Z.

We must point out that the global stratotype section and point ( GSSP) of the Permian-Tri-
assic boundary was defined at the base of bed 27¢, Meishan section D, Changxing County. In
fact, the Meishan sections, taken from south of the Meishan Hills, have six sections: A, B, C,
D, E and Z from west to east. The sections are nearby and can be compared with each other,
particularly for the Permian-Triassic boundary beds, such as bed 27¢ of the Meishan section D
being equal to bed 882-3 of the Meishan section Z. The other correlate beds are showed in
figure 10.

The ranges of fishes are clear in the Permian-Triassic boundary beds of the Meishan section Z.

1) Zhejiangichtys zhaoi gen. et sp. nov. and Hybodontidae gen. et sp. indet. were ex-
tinct at the top of the Changxing Formation or under the P/T eventostratigraphic boundary.

2) Baogingichthys sp. was extinct under the P/T biostratigraphic boundary.

3) Baogingichthys microdontus gen. et sp. nov. was extending-up across the P/T bios-
tratigraphic boundary and passed into the Lower Triassic Griesbachian stage and was becoming a
SUIvVIvor.

4) Perleididae gen. et sp. indet. made its first appearance at the beginning of the Gries-
bachian stage.

In such circumstances there is reason to establish the following points:

1) There were fifteen forms of both micro- and macro-fish fossils appearing in the Chang-
hsingian stage of the Meishan section but only Baogingichthys microdonius gen. et sp. nov. was
extending-up across both the P/T eventostratigrapic and biostratigraphic boundaries, got into
Early Triassic Griesbachian stage and became a survivor. Other fourteen fishes were extinct
under the P/T eventostratigraphic boundary such as Zhejiangichthys zhaoi gen. et sp. nov. and
Hybodontidae gen. et sp. indet. or under the P/T biostratigraphic boundary such as Bao-
qingichthys sp. Though microfossils of other eleven kinds of fishes were not found in the P/T
boundary beds of the Meishan section, they were probably extinct during the period of the P/T
boundary beds, because there were not any obvious events before the period of the P/T boundary
bed in the Changhsinglan stage. Therefore the extinct rate of the fishes was 93% in the end-
Permian period of the Meishan section. The rate is similar to 95%-100% extinct rate obtained
from 7 phyla of marine invertebrates at the end-Permian period of South China ( Yin et al.,
1988).

2) The fish mass extinction in the Meishan section demonstrates a stepwise character and
the fish was the earliest to recover from the P/T mass extinction indicating by the appearance of
Perleididae with conodont Hindeodus parvus ( Wang, 1998) in the beginning of the Griesba-
chian stage.

3) Baogingichthys microdontus gen. et sp. nov. showed a higher prolong than the other
fish fossils in the Changhsingian stage on oceanic anoxia both in the P/T eventostratigraphic and
biostratigraphic boundaries of the Meishan section Z.
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2.2 Fish recovery and radiation after the end-Permian extinction in South China

There are five provinces with reports of Early Triassic fishes in South China: Zhejiang,
Jiangsu, Anhui, Hubei and Guangxi. Perleididae gen. et sp. indet. was found at the beginning
of the Griesbachian stage of Changxing County, Zhejiang Province. Perleidid Zhangina jiang-
suensis and some semionotid fishes were found from the Qinglong Formation ( corresponding to
upper part of the Yinkeng Formation, about 249.7 Ma) of Jurong County, Jiangsu Province
(Qian et al., 1997; Liu et al., 2002 ; Jin et al., 2003). Zhangina yangtzensis was found from
Early Triassic of Hexian, Anhui Province ( Su, 1981; Jin et al., 2003 ). Plesioperleidus
dayeensis was found from the fourth member of the Daye Formation ( corresponding to early Ole-
nekian) of Huangshi, Hubei Province (Su and Li, 1983). Hybotontoidea fossils Hybodus zuo-
dengensis, Hybodus yohi, Polyacrodus tiandongensis were found from the Luolou Formation
(early Spathian of Olenekian stage, about 247 Ma) of Tiandong County ( Wang et al., 2001 )
and coelacanthid Sinocoelacanthus fengshanensis was found from the Luolou Formation of Feng-
shan County, both Guangxi Province, China (Fig. 11).

These findings lead to the following conclusions:

1) There are 7 genera and 8 species of actinopterygian, sarcopterygian and chondrichthyan
fossils discovered in Early Triassic of South China in which 4 endemic genera ( Baogingichthys,
Zhangina, Plesioperleidus and Sinocoelacanthus) and all 8 endemic species ( Baogingichthys
microdonius, Zhangina jiangsuensis, Z. yangtzeensis, Plesioperleidus dayeensis, Hybodus zuo-
dengensis, H. yohi, Polyacrodus tiandongensis and Sinocoelacanthus fengshanensis) are includ-
ed. Therefore, the faunas in Early Triassic of South China got into radiation after the end-Per-
mian extinction.

2) Fish recovery and radiation in Early Triassic of South China occurred in a short geologic
time interval; from 1.3 Ma to 4 Ma, viz. from the end-Permian extinction (251 Ma) to Induan
(249. 7 Ma) or Spathian (247 Ma).

3) Early Triassic Zhangina and Hybodus took the place of Late Permian Sinoplatysomus
and Sinacrodus since Zhangina and Hybodus were typical representatives of Early Triassic
fishes, and Sinoplatysomus and Sinacrodus were typical representatives of Late Permian fishes in
South China.

4) The Lower Yangtze region of South China is probably the cradle of some Triassic fish
genera ( Saurichthys, Platysomys, Helicoprus and Acrodus) subsequently flourishing in the
Tethyan realm, because similar genera ( Eosaurichthys, Sinoplatysomus, Sinohelicoprion and
Sinacrodus) are discovered in Late Permian of South China.
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