®30% FoM E‘ﬁ'f&iﬂ%#f& pp. 85—101

1992 £ 4 A VErTEBRATA PALASsIATICA figs. 1—8, pl. I-11

BRIEEENEMERERRLEEER
A&

ChERER WE DY SHALRE)

X@iE LR BERARKRA

W B #® E

ASRBEXR BB RIZEFNF AR AR T 4%, ZREREYREN, BES
REEHE. FAESNER, HEE, BTEE, BERS L LERE, SIMENER
B BEREFEETTRE tESNERSERFARPICEGTRERARLE —#E
BEHREFEERSIE, METHRERERCESOLRER, RFESRERRSN =&
EHEFEBRINARENZNRARIRFE— SRR, BIEI|EEA (Sichoprerus) TA
BITERHALESR, FANEERBRRT SBRXAREINE ALALER,

1965 48, X2, AR EERIDAT FELFLBER LB EAMERNE, FNE
SMTHEEIEST (Peipiaostens pani), FNAEMERETHLRO—FR: LEEHR
(Peipiaosteidac)1983 4F, (B E XK R AT WL E TSR LH R/ BIF LT A G 4N E
AV E 45 (Peipiaosteus fengningensis), Bk T ZaE= B EAMER, FRAEED
ARG DR R B AR & Do LEBIEXNERGBREN EEST, HTF
BIEAWRESEANBERBEREGRNAREXALETHER. AMBTEANT
TEET et A FRAHE, R LR R KR 4, BRI B W SR LR TR R
Bkt , it BB R R RR I LB Ao

1988 42, % % MIE R L 63508 = i A p0 2 A KB K B AR BT OB AR, IR
1987 £ py B 4E B TR U SR A A0 A0 AT A th R X R 22 e 53 BT (BB s 5 2
AKFRFHRAGES V. 9474, 1-V. 9474.97), AW ITIER T i L RFAS, BR 2
T XIS (1965) BIRAMRA, AN, £ Bk R I — a3 B R AT A
HE—ENBEE Lo

AXIEE R R S FEEN R OHE S LR RSB SRR RS &0
RO YR 1 SOM R OB I M R B M BRI S B B S AR 4 T
e AR B o RPN TAE R, MRS IR I R R N S B B 25 E B, W R
AR IR R B R e XK B SWAABRBERDHE N BARMEES
BEHERAELEE, EE% AN,
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—. b A i &

3 H Acipenseriformes Berg, 1940
=3 F Peipiaosteidae Liu et Zhou, 1965

BITRE ARERE. WERNTH S WK, Wni. LaEREFREE,
BREEK. LHEBNARRER. FEREFHRIE. @BEBRA; TRIEFT L, RERET
2 HAERRED 7R, ENRRA L TRE, FEAL 0BG LAlfimEg. &8, LiE
BREE,BRE /N BlIEERA REOMEL MBS E. R8s L,
RREEERIIENONES. B EH-RAME, B EH a0 e i R W 86E o

It E43 R Peipiaostéeus Liu et Zhou, 1965

BITRE GRRE,WEBRYE. BEREEFR=A%. LELE. LOZ5E
BBARFE BIIRRE, BREE. FHBt. BREIYRE,SNEREH, AR L6
FRE, ZABRBMNHEHER. SEEREMRY TEEFTR, RROLSEH
SGRKE 4—6 o REHM, ERFRITA, FEREH/N,YUEEL=AF. BHXE /N
WREATRERE . BEMHEKAEMSMSIT0HE#ER, BEHTERG .

i&&dh%ﬁ Peipiaosteus pani Liu et Zhou, 1965

1965 Peipiaosicus pani, XiZes, AR, HEHIMESE AL, B 9% ¥ 3 M, H 237247 11,

BITIIE BRI 37 —42; BHEERLY 3438 IR BIEEERA 83—89 il
SRS 30—38 M I EEEE AR LY 33—37 Kl

FAERE BFETHHEMMEBESERIENRER.

AMENEIR, BAMERIRR S X, BRARKET 30 EX. KRKSEEZHA%
6.7—11.5; AR5 LK ZLAN 4355,

TR wRE R RMCRRR L ZE V. 94740 R L FEALRE, FEETEYE (Ro),
BYrg (Pu), BF (Na), RIERE (Ant) FLMAEH (B2 BRIL3), EWER
&L ATHENE . BEMNTEYEREN, 52 LF¥T, BB LA LR ET
o ERTEATBEEET - RBRANA/NE FH R, H -5 BRSSO
flo AL T KMEAIM, EREEILSAE L, WBESRBEENERNIRA LA LK
KL HETUBR T FIREFE LI NME BRI, BB FENMER B RZE R & V. 9474.24
SRR L(EKY 4om) BB ERKAE, MELBME KRR LY E—BAKEE R
PR E Fo MAEh4E (dcipenser sinensis) HIVIEHAERUNMNMEEEE L (WINE
KIT K= HFEEH, 1988),

T (Fr) BETIRE (Pa), HIE%, TXISEHRIERLBEHEHHTLRE S,
BRABAHIN . HEMINERREER (Dpt) BREUSEHERWKIEERAR, #
UK =AE, PR E, G EE. XEIREREERRNFRE-HEGHE"2E
FAZER N E BN R, MEBMNERE(POE=IR,5 Chondrosteus hindenburg:
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(Hennig, 1925) h/GH B ABRMERE 3; BRI, 2)0

BXS5RRERE HEBARZIEZTAEHR, SXRBHEREIB LGRS
AHER. ELBTEHEKETE (o) REMYES, B LER. EFTRETEY
DRE—RERGTRE, TEET RN E EAF 4—5 SEGEHNE. —ERAR
T8 ERERI T AL

fEE (Op) MR/DNEMEE, ESRPLH, REERLS: THES (Sop) Xk, &
MR R , R B OELL SRS 8, B S R RS RIREHREEFIR A, Ta
FEEAERE,WEER AR (Br) 4—6 i, MARERERN 74, L THE:S
H—RBHERA, F— 8L TNEEHEEY LB RKEF SN, SRR L, Tk,
TH4REE A B DLt i b BB AR (ER 1, 2),

EFEWA( V. 9474.6) b ERIEZ G, HET AN T RE—HE=ZAREH
HAo ’

LFHS 48 Mx) SHE5K, MREMBEE, o pssiRe, £ bk
RFEMBRIE o BRI FAZ: FEEELMINER (ectopterygoid process of
palatopterygoid=ectopterygoid, MacAlpin 1947) &, AR LA EHE, MBS
VR A—RINE, G TR, AR R, 5 EAE b EEEE, K B ERART
HUC AL (m. adductor mandibularis) FUBTEE; HHE (Q) A—BWERF, HArEW
AR, W TARAAERE (BRI, 1) M EREEXIREE(1965)KWIE
BIFRAR AT UM R, AR AT RENERRKE, &5 FRIFRERH, B REHER,

ES 585 HHEHm)BER, PGS, FTREET s, HAR AT L
¥, A MEREAR RN BB R —&", SMEREEESHIHE, TOE TmERE K
SERS. EAEE (Chy) WTHATURBESS 2R BERNMITER

FE—ERRAN V. 9474.6) EFLIMBIES 2 GREREFNAET, —BORER,
HhEREE WS, MR E R B B EWELEEE , MR R FRO8. SENNMERREEN
ShmmRaK, 7 (V. 9474.26) SHEA(ERKETABT 12em) HEFEMUTE, K
wigKEE 2EE , BEARREE; EER RN E LB ENK, ER=Z2AERARKE
Ko ZEWEFRAM V. 9474.34 AL BB —HEE, SHBNEOELE S8R,
IR, LR, fn B4R A XN /N .

EFHHME PR EETH = 5 1 (branchial toothplate), 7ZE V.9474.6 F V.
9474.78 SR LA TR WS MR, KAEEREEOMEL, ZERNUEH 2—;
RIERARIEEENE R NG b, E5XENFABHEANAE LIRS fA LA MR
B 8 MAEFRILR/INVE B RPR /N B TR S F — AR L R0 2L BB G BN
" HEE ), BEEXEER/NIZATNEARE ROERERE LA A ZRAENR
WG, ENMNSETERFSNDER. XEHRNGLEREEESELER/NEBSHS
HIARNRNE — R, AR R 2T B ERER S HEE LR ER A AN, EBRTE
ERF B A —REF A, BEASHARR, TEALEHEREL.

fHE®R PHFREXNEHROREDLPRERF. EFMEH, KA
KB ERRRERL. BEINNEBERN —RRERE. BEF (basidorsal) £
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MR, HOORKHSIRGEEE B (V. 9474.48), BHEFHE—ERA LT L
(supradorsal) —ERTE, B2 BT E &K
BARRE R, MATHEENE A4
BUREAER, LWmHd. ¥ LAEHEREMR
Rifo fEH B R LA E# AT EFL

___0.5mm S0 WEHVE R RARAL V. 947442
: EFEERR, BWERFE, THEAKE TN
(infraventral), -
EFSNEERTHIRRE T HFR
SN AR, B—mENILERE
4 ;
a b
W4 BREZEGERBGEE () RESHT (0) ' '
BIRER AR SER A (o) BULLER w1 mm_,
Fig. 4 Comparison of spine-like toothplates
on pterygoids (a) and the anterior parts of the 5 IRRACEBEWRRR s
branchial arches (b) with the gill-bars (¢) Fig. 5 Denticles lying over the scapular region
(V. 9474.78) of Peipigosteus pani (V. 9474.60)

—HME “W”o & V. 94742 SHRAR BRI LIRS, LR ERNE A LS.
R BE (CD, E&E (Pcl), ERE (Scl) FugiE (Cla) M, HFHEHE
AEEXSHRRER. RXTEFXHA/MEZE, FRN#ERE AR, Gwm="T18R=E,
RRI-MER K, BNMER— I FRER”, REEWER T X —LHRERI, ER—
e REIDULEB AR R EA RN RRABT K, HEPR™EREERQE
ER—F—FH W ESSE—AN MRS TRREE 5)o sk, BIfEER—
ENERAOTEREBERROERER, B R KREH(E K, 4).

B ForEeEa s 3038 iR, IEEEEEAIY 3337 i, ERILIBNIARKI
FAFAUPRA LR N2 e s I 1 SR/, R B T R B R B LNEIR.

T TWHESEESERZE, EEERA LTS BERESHEXN, THEREY
37—42 §R, TEET B LIERIER S (baseost) FImMEERE (distal radial ossifi-
cation), BIE K& , Wi P B, E MR R A LR %, G E RRTORRAT
AT HEEREMER M, HENGESE V. BEAY 3438 |, EXRGED
BARAR (n V. 9474.42) ERETF, HRIAGEH#ANERER R KNERE
W BHEOREALZWHRY, ATBOEXMNEENBEFAMBRRT 2. £
AIREB T DL L BIR /N h ik B 88 R A I RIHSR ,3X 5 Polyodon (Thompson, 1933)
RAL 2/ NOBRA th th A Z i ek R R B aomiss (B IR 1L, 2)0 e KM
K E,BHS SUEOURR Psephurus (FIRHS,1984), BEETH T 420 F AT, Frt
A THEBERL o TH OB THARD @& MR R ERE, &4 69—75 s
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THERSE&XHIAEE, REZEFAE 14 R, M I#HEkE LSS AUMS L THE
HEEREEW. Bh AR BTTE2ERMTHETEALER L TARKXR, HLEk
S AR o FREEAr T 3h L85 8T, R LG /N B, HAR T (B 1,3)0

883 ST RN/ NMILLE, BIEILARN T ERENASHNESTRB A, KA
SRR LN EERS D RERAS AR EEFLOBE. MESERNARR
FEHTESBMNESATRUAREER. HREMLHBYME, &£ V. 94742 BiRAK
FE ML EERA T ERRS T, AN,ZE V. 9474.60 SARA LR DA TEG
HEB X R TAEBHA MRS, FHbEgr N imtERSRANTERE—hTREE
TSR E—EE (Pearson, 1982),

N 1R

L At ZRHERRERSFRE

ERILAFT RN ERF O AR NEERK, B/ R AR 5 X, BB 30
Ko TEASHRRATR, BT FLEMRMERIN AR FHERBYEIAEH. Wi
TR, BHEEROIFEE SN HO AR MU, B a0 LR AR
BIEER , AT S B BB RO SR P 0 36 1 595 B OB LITUS 3R o 3 BB HU RSB
BALEBNTRSENRES, RAETAHRRA S5 D5 el 85
i, EH—RORZEEEESMLBEE (3R K)EAY—ALEE LG A,R
FAEENRARE, BRERAATE, H— M EENESREMEBRA. E—ReEkY
90 K AR AR LA DL 38 LB B 1 pO B 88 S R o ‘

B SR B AT BRI, MAGEAESHELEX K AR, X—REE
SUTENMES T EERXEKEIER MBI, %0t KRR A
e AE— 2R B B 4T o

DL 4B, H 40 B BRI HORHIEARSE B o £hB3RIME R AR R 25T I8
WS, WO BB E R RIFOE IBHFTo Mi2E K I b _ L8, thas a3 04 R 5 DL R 4%
e, A 35—40 AT EMAK, TIRAE 0.5—35 AR R. RUBNILEESKE
RS B, B A KE] 30—40 BK,AMAK/NE EEEL, LAERETSTE, EEM
FRTEIBOEE, BEELRE RO ERE, BRALAEMERE. kEED
REBAN HEENERSSMETEY, KEATASHNRSRTHEE, EAXE
BEERBED R o 52 B R R SR E LA, ME 2 K B NRET
C 20 K, BABDAE 00 ER, BBEUENRTE AURM AR TORERESLL
RUAGACEEE W PR AR S B A s, (BN IR A G RR
HENENRSEERFWATE. BARMBAER M BIIX A AL E S 10 A fn
T, BB R A4 B R L IE b B3 S R R BRAE B 1, (B BT T B 48Rt
a0 RN A L K IR RO R LR E , B FT LAY L B IR ] s A B
83— e S B TR0 ST M
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2. XTFETILES

1983 4, (A B EAE R FETILEE (P. fengningensis) [REMFIR T %R RBE b
T+ AR Bo ATIIES R, RMLABFTHRIEOM RS 5207 , 71 Bt T A L o v
A EE AR S A e £ IR, TR ST B2 F A RO 25 T X B A Ve (e
B HTo

B, EEACTE G T R B R b 4 T R R AR NG PR O
4 R B M BT IR R , RIS B s Eth BB R AL E R A
i, TR B R X AR Blo HR, R R ALRE i E L6 LB IRER A, BRE
 EHBHERSARAAERIE, FUGERATRE R EREIE2 KA 1
AREEFIEERNTERLEENET. STRATNNE, BRIALEESE 4—6 o
F AL (1983) BERA 13—14 R, R R A7 Tt R 3L 6 4], 3%
EHTFE—REBNEAsEBEHSAMMARNEH, ATEEEASHE —HKY
RTINS, ERRILEET EHBREE PSR, TET I E IRtk
B EGEE /3 A4, XBTREHTRESRMET FSBRSNTEE, MR
BX—B Y RT ERER—E4e b, BA — R E Wi sE O RS T 6 2 B 54
Fp I EE B R E R, TR AT S

M TN, BRIAOEABEFFISNET LEEABRRLEE0R 28R e
S B B T . (AR AL BRI E DT B B A B A B B SR IS JL S 6
ERE, S SHERBESIE 52 MK, TEENBIL 37 —42 1 34—38 i, EF -
XA E R S R E S MR,

.5ie EESREEEHNBEXR

Sikgta (Stichopterus) J& Reis (1909) RIBHFBLFEARNLIN IR Y — A K
STEOMEME LN AEEE. §8aR
BEG-HEMAREAE I, X%(1965)
[RTME R R ST A 7 B &
MEERBOTEET i, MIAAZEEBR
Ao Hxommres (1977) LMY
SRIEET A FEEINY, LEESF]
B L P REAARR, EMER_EN
EBRENRZBTHE R AEE KR
Ro Rif AN X REHENT ZHHH—
B R EEENCEERITT R

BRI, KB Sxonnen *f X% 2 %5 7 fk 42 E6 FISEARKE.
FIr st /D REN KRR A B EAR Fig. 6 Skull of Srichepierus feissi. .

ERH, RTINSO RIS (simplitied from Sxommen, ¥7H)
Bt B L RX A B R B BRI T Lo ol
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R EF S HEA LT ITFSRHIE, Hh—SnBEE g, BANEREAERLEE
HREEBN—BFFIE. RMUTLARACESNFIBAFTREN: @ #EER%.6
FEAANEEE, TREEEFNER, R BB E MR, ORESHES. O®KN—TM0
é%@?gE&tﬂﬂ,ﬁ:/ﬁﬁﬁﬁﬁétﬁﬁ@%%%%%ﬁ,)@%ﬁwﬁ,jb?&ﬁéﬁﬁufé@@ﬂﬁﬁﬁi
EERFERIN: OFHEAF _SELE, MILEEARELS,O LEENETE
HerEF s A th E NG A, @ LR BN RAR MK, AFRENSAT LN ENES
BB, X—FIEWTEE AT —FIEE, A B R KNRA L& i E, @3]
HENTHEK, VENTESRAZEAR-AEGI 58 #EEY, it REGhEEg
o2 HEAMTAEL LS, ME—RARBBEEN, BEUE5ZHN, @FEA
BIHEEZEESN, MIARSRBEHEESFBUERFTLTOM LER. nRER
ZE LM RS B A, BIES RASHE T HBER P RIE, RITS AT igE—
SRR E S B ARy — TR AU E LG EE ML, |

X% (1965) B LR RHOEBERIE R EEHORE L EBRER. KR
LA E , TR — 1T 2R 8% X BB L8, R R L S R RiF B BYE, Jb
HE R A RE M. Fih, MR BARELSERNEIE, Flsallis—
BHEAREESHATR (Chondrosteidae) (Sxosmes, 1977, 1986) {BMEIEM 4> 47 &
AUER, BRTRMRAERGRN, JIHAERLTIERENNLEEERT. £T
B, EFZB IR FIE AT EER, H BN ERF| AN REREN = SR ESRE
e EE R BB IE AL R e b, BE S A iiH R A AN B X B B IR BT

4. EIRBHREGE

B X% (1965) ¥ b REFHAE B POk, BN EZ M AILEFRE T AFNEH. —
FE, AMIBATIHRRFM BN ERTHEMNTIE (Arosres, 1977); B—HH, _ﬁ'ﬂl‘
HEFRIER— SRR (Jollie, 1980); BHTL ALEHETHTHAOEM LEHASXS £
R —ER A ENAERBERENARRBORARIET 94, XEHWTHNERZ
Ka3%l, ReVEH KGR AR RAPA—B RIS EKREE, il Chondrostei WEFHTK
TEBBABAMLIE (Patterson, 1982; Lauder and Liem, 1983), » '

ZERBEXNE (1965) A, NI EETENBETEL. LWEGSHERFENE S
SeAREE, RESEE T RATE AR S EEN RN EEENRR, SSRGS A
FHE S EIE Chondrostei WEERE, XTIURERBEHEBE AR R, X %
(1965) NG BRI EHE £ (Chondrosteidae) WA R /G, BT #BHRMR, b
REAAENAZTRPRESIIREXARENER. AMMBEITHERBNERL
4 Chondrosteus DI I Paleopsephurus [/ 4 B328 —F Acipenseridae J Polyodontidae
X Fo EBILRERBNAGMEZN, HLENHEEBMARILERERROT
RAIE—TRI BB HTo

Schaeffer (1973) F1 Patterson (1982) Zn@ 3Bl B —EEH7 4 4% fiF 3€ % B Cho.
ndrosteus [ Acipenser {RZLELFT Polyodon HIRARE T, H Paleopsephurus %
PIREJLFE—E M 1E Polyodontidae ML AR, Gardiner (1984) EXI LM & 12
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H T IRER, (HEE Grande (1988, 1991) 7EX Polyodontidae BEfTWIF/G, (HR IRE%
Paleopsephurus J A Polyodontidae, ‘

Gardiner (1984) A\ A A = UL WFFER LLRAR Chondrosteus LR Acipenser F
Paleopsephurus =FZRRRIEBER , RETAET Polyodon BI—43FHo X=H K
TE: OBEBWINERGMNEE, Gardiner, 1984) Bk, H 5 LAIBTHHERE. ©
HHEgaE EAENEEE (BHE, Gardiner, 1984) ® &l EF thH%ko MacAlpin
(1947)E BN F YR X —SME Polyodontidae BLYY Psephurus ThiFfe , (BLH B A1
Zig. BXL LEREHEBINAREEER(HKE,1984; WKL KP= 5 FIAEH,1988),
EEBIININE Psephurus BRERMBELNZERS Acipenser LK Paleopsephurus
R EERLA R LAEEE AR REERNET. R, X—RIEREN
HBEN—BRIEEEE, X—%185 Grande (1991) BEWMALERER. FHAIEML
ShR ERERFEAN— RS, a1 Acipenseridae LA REAFF I, Polyodontidae
BB ENMARFRBREE. HithiX—$IEBREHATE Paleopsephurus 15 Acipenser
X Chondrostens RAFIEMIETE. XRTEHR, S5 LT EENERESWINE
2, BARKINT Polyodon, Psephurus, {iWT Paleopsephurus, Acipenser N Cho._
ndrosteus P ,{BEFHEE Grande (1991) BEE,R) Paleopsephurus 5 3FEEHH
ETLRFERUEANETHARE. Paeopsephurus RAX—FHIERERIAEE
HETOERRAFERAEOER, EEREINEALESTLTILIEESEF N E
2, A RA KR, XIFF T RPBX SR A B RN —REFE, REEHANGE
By Frd ek SHEBEHEUUAE LSENSRNBR LT HEGER, LEHK
Paleopsephurus i Crossopholis d,t T H A4 Psephurus th,{HIE Polyodon H5E4:
Bk, XES—F BB Polyodon 4 -

R N L LALLM 2 ol T (Ej
R A R 5 R

Paleopsephurus5; Polyodontidae
BTERAEMRKNOY, UEERNIR B 7 60 R E ()

INE DA SRR R BR T FLEE#% 1E 4D, Fig. 7 Quadratojugals of acipenseroid fishes in
SN EPBBIBRESE e O B st ) 1
WARRARDL, BRIETIE EIBI 0 rivorsens pont oy detpnser tulonsmms
B, HS5TILTEEAT (Polyodon
R EBA ). MR, L EL, FIEA IR Chondrosteus o Acipenser HFEEBTLE
Wt AR L, DAgE JITE 4 £, BRI IFE MR, LTS A(E 7)o h4bh, Acipenser
5 Chondrosteus ILEWNB—EBRE,ES T RZEAENIET B (Patterson, 1982)
EN LT 5 A AR, R G — B AR E— S Eike B ERES,
R Acipenser J& Chondrostens B —EIRWRIE: HBERMHEZSNE
FBRE BAEE LRSS, &R\ LRV, /T UBH M TS, e 2R 0 M —
TR AR EANERNIATT M, —K L Paleopsephurus 5 Polyodontidae 44t
F, B —FHEHEIZEER, Chondrosteidae DI Acipenseridae,

)

e N
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ELERB—FEHAES TR, BRAITESHLL Acipenser, Chondrostens 1 Peipiao-
steus ZBANREF—PBRTX=ZABNRR, EXZAES, URKRPHE Chondro-
steus TAHE, R TREEBHER, iR LSHEKRE(H 10 §), BEBREAEATL
RO, THHESE LBE. EILZEE K Acipenser h, [IRBEREMN S ‘Chondro-
stens FALL, WERENHEEFEN T FEEFE TR BELERE 4—6 f, K E
RESEERERND K. dcipenser NWEBECLBEN . MEFHRAT 23K, &
FBHOEESEBER, 5—HFENRUBSBATEH -REAENERMWAT, JLE
BB LR RERRERIBEBBHRAR LB Acipenser +M 1 b, LT
BTHEERBTZRARKNERBIT Acipenser {13 LRE L/ MRPYERER
&M E Acipenser +4348 U MIBLL LT, TEERVIILTREGA Acipenser FIXARLL
[l Chondrosteus IRAREME T ILEERHUE T HA DA S Acipenseridae X%
BABIMLAHEEREE 8),

4 548 hEe HtBs K A
Adben&er Stichopterus Peipisasteus Chondrosteus Ps/leopsephurus Pblyodon

M8 wARELRA

¥ig. 8 The phylogeny of the acipenseroid fishes

LR IY; LBEETREVETEZEMAE; 3. AF LREETEHEA; 4. BE
BEEER; 5. RERERA: CEMAEREAER TR T HMAERERONE; 8. TF
WEFSHETZHBERNZE; 94 MRy EEHR; 10, GI—TKSE; 1. &)

= I

e 12 BB RENEIE; 13. BLHESESFRA; 14. E LB, #3%

B E R A BB NEBIEA BS R Grande (1991), P. 100, #{E 1—6 f115—20,

ARG, EERBNREERLIAI T ELEGEENAERNLE & To
MRIH MR RE , EIFCHMUE . RERAMNEFHNAAITEREXE, ARMSHE
BERENSELAEILESFERNBENAC S B, ,
(1990 £ 4 H 29 HIKFE)
w F H 9§

Ant Antorbital RE 51l &
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Aspp Ascending process of parasphenoid Fi#E iz
Br Branchiostegal | 8 258

cl Cleithrum =

Cla Clavicle G

Dpt Dermopterotic FEEREEE
Dsph Dermosphenotic KRR S
Fr Frontal kil

Hm Hyomandibula HEE

Ifo Infraorbital ETE

Mx Maxilla EEE

Na Nasal Bg

Op Operculum =R

Pa Parietal e

Pas Parasphenoid Rl 5

Pcl Postcleithrum JERE
Palpt Palatopterygoid BB
Ptem(1,) Posttemporal (left) ENESE
Ptem(r.) Posttemporal (right) HEEE ’
Ptr Postrostral B8

Qj Quadratojugal FE

Ro Rostral /K=
Sch(1.)  Supracleithrum (left) bR
Sci(r.)  Supracleithrum (right) AW RS
Sop Suboperculum THEE
Toc Trace of oculus IR ER R

g * X ®&

PO E R RFIEES, 1988: KITEAREMFRATEENT . HIBSEHERE.

BHBE, 1983 AikFETLEE—Fi. TEEIWETAL, 21(4), 341346,

XFEE AR, 1965 LHtBHRFPHEE—FNH. HHENREETAL, 21(4), 341346,

HIREL R iR, 1987 EpniEENl. BEHRHt,
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REVIEW ON PEIPIAOSTEUS BASED ON NEW MATERIALS
OF P. PANI

Zhou Zhonghe

(Institute of Vertebrate Paleontology and Palevanthropology, Academia Sinica)
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Summary

Based on abundant new materials of Peipiaostens pani, many features are newly described,
they include: rostral bones, circumorbital series, the ectopterygoid process of the maxilla, qu-
adratojugals, branchial toothplates, axial skeleton, fulcra and epiaxial fin-rays on the caudal
fin. A few other features such as the hyomandibula and branchiostegal are revised. The onto-
genetic and taphonomic characters of Peipiaoszens indicate that it probably assumed a habit
of migration like its extant descendants. A review of the differences between P. pani and . P.
fengnengensis shows that all the differences except the dorsal and anal fin-ray numbers pro-
posed by Bai (1983) are not true or remain uncertain. Through comparison, Stichoprerus is
included in the revised family: Peipiaosteidae. Finally, a review of the phylogeny of Acipen-
seriformes results in a conclusion of Peipiaosteidae and Acipenseridae as sister groups.

Description

Besides descriptions of new features, the descriptions formerly made by Liu et Zhou will
generally not be repeated here unless they need to be corrected or extended.

The rostral bones (Fig2), which are newly found, are composed of following undeveloped
bones: rostral, postrostral, nasal and antorbital. The rostral appears to comprise several small
bones. Sensory canal pores can be seen in all above bones except the postrostral.

Frontals are somewhat longer but narrower than parietals, in Liu et Zhou’ restoration of
the skull, frontals were inappropriately drawn to be longer than parietals. The dermopterotic
is in a shape of long triangle rather than an oblong, the anterior part of it is wider than the
posterior part. The long “posttemporal” originally described by Liu et Zhou turns out only to
be a fragment of suprascleithrum, the real posttemporal is a triradial bone, which resembles
its counterpart in Chondrosteus hindenburgi (Hennig, 1925).
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The circumorbital series has not been described before. No trace of supraorbital bones
is found by the present writer in all specimens available, The postorbital is a long narrow
stripe-like bone; the infraorbital posteroventral to the eye is a angular bone; the infraorbital
ventral to the eye is similar to postorbital in both shape and size; also anteroventral to the eye
are approximately 4 to 5 small infraorbitals.

The opercular bones are well worthy of redescription. The operculum is very small,
nearly elliptical but with a straight lower margin, the fragmentation of its posterior portion
can be seen in some specimens. The suboperculum is broad with a circular posterior border
and a tongue-shaped anterior process. The surfaces of both operculum and suboperculum are
ornamented with circular and radial lines. The lower and posterior part of the suboperculum
1s usually broken into several radial slats. The branchiostegal rays are about 4—6 in number,
each of them is strongly fragmented posteriorly, hence its branchy appearance, with which the
adjacent branchiostegal rays overlap each other. '

Between the opercular bones and the postorbital there exists a pair of otoliths which are
somewhat cone-shaped, much like those of Daginsenensis and Uighuroniscus.

" The maxilla and the dentary are of nearly the same length and shape. Two related featu-
res need to be mentioned, one is the ectopterygoid process of the maxilla, which is hook-like
and attached to the middle of the maxilla, it inclines forward; the other is quadratojugal,
which is sickle-like and situated on the hind end of the maxilla. These two features were
obviously overlooked by the preceding authors.

The hyomandibula is a strong rad-like plate which inclines forward, it constricts in the
middle part and expands at two ends, the lower end is much wider and thinner than the upper
end. In Liu et Zhou’s description of this bone, the upper end was mistaken for the lower end
and vice versa. The hypohyal, like the ceratohyal, is rod-like, flattened and broadened at the
extremities, but it is smaller than the latter.

Ceratobranchials are preserved in some specimens, they are flattened rod-like, and con-
strict slightly in the middle. Gill-bars are preserved in specimens of various developmental
stages, thus, we find that in larval stages the gill-bars are short, with a pointed distal end and a
much expanded base, as it grows up, the gill-bar becomes longer and slender.

The branchial toothplates were well preserved in about the hypobranchial position of the
first two gill arches. In the dorsal-ventral preserved specimens, there are 2 to 4 small bones of
unstable shape on each side, nearly in the same position lie in clumps two clusters of very
small spine-like bones on both sides, which resemble the gill-bars in shape but are of much
smaller size (Fig4). Immediately in front of these bones, there also grow in clumps two clusters
of spine-like bones on both of the pterygoids. Besides, on the surface of pterygoids there exists
another type of dermal bones which are usually curved or branched backward, in some cases
they seem to be dentigenous. '

As to the parasphenoid, what we need to say is that the anterior division of it is a flat
tongue-shaped plate and the prominence in the middle of it extends forward to form a spear
head. .

Axial skeleton is another totally new feature to be treated. Generally, the dorsal elements
are better ossified than the ventral ones, and the dorsal elements behind the dorsal fin are
hardly known to us. Immediately behind the head, often can we find the independently preser-
ved basidorsals, the thin circle bones, and the right and left basidorsals lie separately in two.
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parallel rows. Also in many cases, the unpaired supradorsals overlie the basidorsals and are in’
a shape of long oblong rod. Occasionally, the basidorsal and supradorsal seem to conglomerate
to some extent. The ventral elements appear behind the base of dorsal fin in a few specimens,
these slender plate-shaped bones show clear transition to the caudal supporting bones and ap-
pear to be infraventrals.

In many specimens the trace of the body metamere clearly shows that each septum of
the metamere is an oblique “w” in shape.

The denticles lying over the scapular arch region are worthy of noting. Usually a denticle
contains three finger-like projections of similar shape and length in its posterior portion. But
the middle projection can be wider than the others and even be bisected into two divisions,
hence, in some cases the number of the finger-like projections turns out to be four (Fig 5).

The pectoral fin contains some 30 to 37 rays. The beginning of the dorsal fin is behind
the end of the pelvic fin (about 33 to 37 fin rays), and backward it can be opposite to but mo-
stly somewhat ahead of the beginning of the anal fin. The number of the dorsal fin rays is
about 37—42. The endoskeleton of the dorsal fin seems o consist of two series of radials: the
lfaseost series and the distal ossification series. The latter consists of less and shorter plates
than the former. The anal fin rays are about 34—38 in number. The endoskeleton of the anal
fin is also composed of two series of radials, which are supposed to be baseost series and
distal ossification series too, the latter consists of slightly shorter plates than the former.

The caudal fin is one of the features that need dramatically emending. Since we have
already clearly known the developmental changes of the caudal fin thanks to the abundant new
materials. we are assured that the description made by Liu et Zhou (1965) was on the basis of
larval specimens.In a well preserved larger specimen, the lower lobe of.the caudal fin can
be divided into three porti&ms: the anterior portion, the middle portion and posterior portion.
The total fin-rays on it is about 8389 in number. On .the upper border of the upper lobe,
there are jointed epiaxal fin rays as well as short and stout fulcra before them. The transition.
between the fulcra and the epiaxal fin rays is observed. The developmental changes of the cau-
dal fin-rays from small larvae to large individual reveal that the posterior caudal fin-rays ap-
pear later than the anterior and middle ones, and the epiaxal fin-rays and the upper: border
fulcra occur further later,

As to the lateral line scales, a lot of variation of its shape can be found due to changes of
the lateral line pores on its surfaces. The number of the lateral line scales is 94 in one comp-
lete specimen examined. It is also found that each somite contains two scale-rows.

Comparison and discussion
I. Ontogeny and taphomony of Peipiaosteus

Among the materials from Baipiao, the total length of individuals varies from less than
5 to more than 30 centimeters. The developmental differences of these specimens appear most
striking when they first came under my observation. The developmental changes of rostrals,
gill-bars, caudal fin have already been described in above description. As to the axial skeleton,
the ossification begins from anterior and dorsal to posterior and ventral elements. The basi-
dorsal may ossify earlier or later than the supradorsal. The endoskeléton of unpaired fins ossifies
much earlier than that of paired fins, which was not ossified in all the Baipiao specimens. An-
other much interesting locality of Peipiaostens is recently discovered, where the endoskeleton of
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pelvic fin is found in an individual about 90 cenimeters long.

The migration of fossil acipenserids has not been studied before. Then, how about Peipiao-
steys? Though much difficult, we try tentatively to deal with this problem on the basis of onto-
genetic and taphonomic characters of Peipiaosteus.

We take Acipenser sinensis as an example. Its distribution is closely related to its migration
habit. Larval and young individuals live in shllow sea or river mouth, where there are enough
nutrients for their growth. While in the middle and upper reaches of the Yangtse River, no in-
dividuals with the weight of less than 35—40 Kg can be found.

Now we analyse two localities of Peipigostews (Baipiao and Chaoyang). In both of them
fossils are seriously collected. In Baipiao locality, individuals varies from less than 5 to 30—40
<entimeters in total length, the fossils are so well preserved that the metamere can be clearly re-
cognized, and the disarticulated skull bones are seldom found, so these fossils were deposited just
where they died. Associated with Peipiaostens are abundant teleosts, insects etc. The sediment is
rich in organism. Obviously here was once a suitable place for larval and young Peipiaosteus. In
Chaoyang locality, individuals are all much larger, from estimated no less than 20 to at least 90
centimeters long, and the skeleton is more completely ossified. Peipiaostens found in this locality
are supposed to be in a later developmental stage than those of Baipiao locality. Fossils here were
also deposited in situ, but the sediment is poorer in organism than in the Baipiao locality.

Although the relationship of the Peipiaosteus in two localities is not clear yet, it doesn’t
undermine our proposal that Peipiosrens probably had assumed the migration habit on grounds
of above analyses as well as compared with the characters of migration of extant sturgeon.
1. Remark on Peipiaosteus fengningensis

Peipiaostens fengningensis was erected by Bai in 1983, many of the differences between
this species and P. pani claimed by Bai are now found questionable.

Firstly, the fulcra on the upper border of the upper caudal lobe and the distinct notch
on the lower lobe of the caudal fin are available in both of the two species. Similarly, the diag-
nosis of P. fengningensis: “Parietals smaller than frontals” as well as “dermopterotic a long
triangle rather than an oblong” is also applicable to P. pani.

Secondly, the number of branchiostegals in P. fengningensis was described by Bai as 13—
14, far from 4—=6 in P. pani. But the present writer reasonably assume that Bai had not found
the real number due to his failure to recognize the intact shape of a single branchy branchi-
ostegal.

Besides, in Bai’s description dentarys are about 1/3 shorter than the maxillae, this so-cal-
led maxillae must be assumed to contain quadratojugals and real maxillae, thus, the dentary
might be equal to the maxilla in length as in the case of P. pani. ’

Nevertheless, P. fengningensis is distinctly different from P. pami at least in the number
of the dorsal and anal fin rays. Other differences between the two species remain to be investi-
gated.

II1. Peipiaosteus, Stichopterus and Peipiaosteidae

Stichopterus was erected by Reis (1909) based on very few incomplete specimens from
Siberia, U.S.S.R. Liu et Zhou (1965) believed Peipiaosteus is a different genus from Sticho-
prerus in view of its difference from the latter in number of fins. They also mentioned that
both of the two genera are found together with Lycoprera. $lkoBaes (1977) described Stick-
oprerus at length upon obviously more and better materials. This results in his challenge to
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Peipiaosteus as well as its relationship with Stichoprerus. Thetefore a review of the relationship
between the two genera and the definition of Peipiaosteidae become necessary.

General acipenseriform characters such as the degeneracy of body scarling owned by the
two genera are not to be expounded here. There are some features that seem to be particular to
the two genera, they are: (1) lateral line scales (2) the opercular series (3) the shape of the
parasphenoid. These features strongly indicate their closest relationship in known acipenserids.
Nevertheless, Peipiaostens remains to be distingushable from Stichopterus mainly by: the two
supraorbitals present in the latter are absent in the former; the infraorbitals are narrower in
Peipiaosteus than in Stichopterus; the endopterygoid ,and the palate found in Szichopterus have
disappeared in Peipiaosteus,; the dorsal fin is longer in Stichopterus than in Peipiaosteus; in
caudal fin the rhomboid scales of the upper lobe remain in  Stickoprerus but totally lost‘in
Peipiaostens. From above comparison it is reasonable to regard Peipiaosteus and Stichopterus
as two sister genera, and the former is more derived than the latter.

Finally, the family Peipiaosteidae is redefined on the basis of two reasons: one is that
Stickopterus should be included in this family for its closeness to Peipiaosteus, therefore the
loss of the rhomboid scales in the upper lobe of the caudal fin is confined to  Peipiaosteus
and no longer as the character of Peipiaosteidae. The above mentioned characters particular to
Stichopterus and Peipiaosteus are considered to be the main characters of the family: Peipiao-
steidae. The other reason is that some characters originally thought to be of Peipiaosteidae such
as the loss of fulcra on the upper border of the caudal fin turn out to be incorrectly described,
therefore they are abandoned.

IV. The systematic position of Peipiaosteus

Since the discovery of Peipiaosteus, few new acipenserid tybes have been found, more
work has been done on the adding of new specimens for known types and further discussion
of the systematic relationship. At present, Chondrostei has been generally accepted as a- mono-
phyletic group consisting of sturgeon, paddlefishes and their fossil relatives. We are not going
to take pains to explain why Peipigostens is a member of Chondrostei. The branchial too-
thplates are well preserved in Peipiaostens, and they are very similar to extant acipenserids in
their patterns. This character as well as many thers are strong supporters of our conclusion.

As for its relationship with other acipenserids, Peipiaostens was yoriginally suggested by
Liu et Zhou (1965) to be a stem form related to Chondrosteidae, while Gardiner (1984) asserted
that the paucits of information known in Peipicostens made it difficult to find out its further
relationship with other acipenseriform members. Before our discussion of the systematic posi-
tion of Peipiaostens it is necessary to have a look at the fortunes of other acipenserid fossils.

Schaeffer (1973) and Patterson (1982) lised several derived characters to argue that Ch-
ondrosteus is closer to Acipenser than to Polyodon.

Gardiner (1984) proposed that three derived characters are shared by Chondrosteus as
well as Paleopsephurus with Acipenser; they include: (1) ectopterygoid hook shaped, contacts
middle of the maxilla, (2) quadratojugal braces back of maxilla and palatoquadrate, (3) teeth
lost from jaws. But these arguments don’t seem to be convincing enough to account for their
close relationship. Firstly, the quadratojugal similar to that of Paleopsephurus was reported
present in Psephurus by MacAlpin (1947), which is confirmed by my observation of a young
Psephurus specimen. Secondly, the degeneracy of teeth is in fact a general evolutionary
trend of Acipenseriformes as evidenced by the presence of teeth in young sturgeon and

»
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the absence of teeth in adult paddlefishes. Finally, although the ectopterygoid process of rhe
palatopterygoid (=ectopterygoid of Gardiner, 1984) is present in Paleopsephurus, Acipenser
and Chondrosteus, but absent in Psephurus and polyodon, this process might also be reasonably
interpreted as general Acxpenserlformes character because accordmg to Grande (1991) many
particular derived characters clearly indicate Paleopsephurus to be a member of Polyo-
dontidae. Notably here is the presence of a short ectopterygoid process of the palatopterygoid
in Peipiaostens. Although it is not hook-like, this may enhence our assumption of the primiti-
veness of this process. Similar to this process, the ectopterygoid process of the maxilla is only
absent in Polyodon, this process can also be regarded as a general Acipenseriformes character,
and it is only secondarily lost in Polyodon.

Based 'on the comparison of quadrotojugals of some acipenseriform members (Fig.. 7), we
find that Peipiaostens shares with Chondrosteus as well as Acipenser a very similar shape. while
Paleopsephurns shares with Psephurus and Crossopholis another- different kind of shape. The
large right-angle infraorbital posteroventral to the eye shared by Chondrosteus and Acipenser
could be well seen in Stickoprerus and secondarily molified in Peipiaostens. Besides, Peipiao-
steus shares with Chondrosteus and Acipenser the loss of sensory canal off the dentarys, the
basic outline of the palatopterygoid body. From above analysis, we believe that Peipiaosreus is
closely related to Acipenser and Chondrosiens in Acipenseriformes. Among these three genera,
Chondrostens is most primitive as evidently shown by its retaining of suprangular, the big nu-
mber (about 10) 'and single shape of branchiostegals. On the other hand, Peipiaosteus shares
with Acipenser in the loss of the supraangular, the small number and complex shape of bran-
chiostegals, the long hook-like rostral in larval individuals. In addition, the gap between the
suboperculum and the scapular arch is also much similar in both Peipigosteus and Acipenser.
All these indicate that Peipiaosteus is more closed to Acipenser than to Chondrosteus (Fig. 8).

Finally, the recent discovery of new Polyodontidae fossil associated with  Peipigosteus
seems exciting because this already specialized paddlefish evidently shows that the divergence
of Polyodontidae with other acipenseriform m mbers must had begun much earlier.
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BRI HE Peipiaosteus pani Liu et Zhou
LSRR A s So ML, V.9474.2 % 1, A complete individual in left loteral view. 2.3, Mgil, ums
AL, V. 9474.56 % 1.5, Skull in ventral view, showing the opercular bones. 3. 2, 470
T AR S Tan, V.9474.3 % 2, The posterior part of the caudal fin, show the epiaxal fin-rays
and fulera. 4. 3LAHEN, B, FREEAEE, V. 9474.60 % 4, The pectoral part of the skull in
ventral view, showing the denticles.
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BE LT Peipiaostens pani Liu et Zhou

1.3hdg, Mm@, V.9474.72 3 2. Skull in dorsal view, showing the skeleion of the skull.
2.5k WM IaE A T E g, V. 9474.26 X 2, Skull in dorsal and lefi lateral view,
showing the roof bones, the scapulur bones and the infrporbitals. 3.3 Fi o £ BHL, A0S Fs
V.9474.1 X 2, The anterior part of the skull, showing the rostral hones. 4. —Zdea i, &M .5
JRiE, V.9474.23 % 2, A complete young individual in right lateral view, showing the caudal fin.




