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1991 £ 10 B VerTEBRATA PALASIATICA figs. 1—10

LT EF (Huashiidae) IR S:
roE & W KIk
SO p—

XRIA ELEAR RAEXR HARM
A B ® E
A F] Hennig86 HUNEFARNWARERRAET TEHZI, INVERTREEAL
ABEHERRUTHEAOENSR. RN, A E LR NS AERT T iR

Hif

il

HM Greenwood (1970 JR4& 8 (Lycoptera) JAABE A2 (osteoglossomorphs)
Zzka, RFESENNTFEREEREPXANERNES AR MANRE. HhE5IAHE
HRREE A (Huashiidae) ZEH R LR, EREARBEMRE—B—H, Rl Hu
ashia gracilis. (5 \J&, 1977), RERECHLERIE, AN ESAEA (Chanos) HJL
SH%, BRET Lycoprers SFIREBAN—F F L8, 25, X% (1982), 4
(1986) WL BB (Kuntulunia) FUEIAA Lycoptera f L. tungi JAA T4E
FAM, FUHENNEREE, Bl F—Riik LA eErmemmR2esE s Xk 16
REBHEALFEEN,.AMEEEATETABE., B2, FHARNLES5EEAL
X AZHEH, CERIAEMEYMER RIS ITHEESH H.ET i, ik (1990)
WAEEARTN—TE, 5SEEERNBHEAITE—BEATH (Osteoglossoidei) A
HWeEEWH (Notopteroidei) FHFll, AN ENBEARNBLHTTRE, "WEEA
MEAEANBEARURETHEBARNORRET THEANBEBRIL, N EEARS
FEARZEMNERELEEHAZBIEAN, MEEENE5RBAZEBARZHEEW
B BB EEARTABEARBERAENREIEE 4 K5 T LRBN
BRI (consistancy index) 24 1| FIFENER T, XEERGANDI ROEHK. &
Jai, AU (55 29 R W A i Rk 3R 4T T 19180 ‘

ANy EA Hennig86 Ui, XhEER Wild BN Camera Lucida
24l B}Iﬁﬁ%iﬁ'ﬂ%ﬁ_EE%*&EJ%EEJ\?SH%@?FE%E&%EJO
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— XECEE A8 H &R

Greenwood et al. (1966) KRR T IHWEE £y KRS AT , BHBAHR T KA
%% ,B0; Elopmorpha, Clupeomorpha, Osteoglossomorpha Fi Euteleostei, i, &
FABHEANLNRIEREN N EXXS BT ERLEBERZE, FENBRERZHE
R E £ A B RAER R RS (homoplasy) Tk BEFF, BTHUKEE R R ,
FEEK. BT, FEABBEANNERBIER: | AIRENETE LAY, SOt HE
HRT—BEROREER, 2. - THEBELEE—BR/NE: (Greenwood et al., 1966)
3. BARERBANBER S &G (Nelson, 1972), 4. F—RrELH—53 B 0 #
B 5. BHES B 16 R E/>  (Gosoline, 1960; Patterson & Rosen, 1977), [
T4 2 A 3 WEARE RN, BHAEEE AR REBRBORL TN
Lo B, UERITRE—-FBX=RIEN A i, '

1 EEhEFANEE VIsTL.1 x 16

Fig.1 Caudal skeleton of Mesoclupea chouchangensis

WRE 1 JEIAFLF 2 Pholidophorus R Lepitolepis HIVFE BRABIE S i H
W, BS5LHEFAEAALNR, KEHRN, RIRTRIEEN EARSER R ZH, ER
T—A X (tooth patch), B HEARNZ BEFBKRENEENAH T 5, Patterson
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(1975) I\ AR ZHFEBEX T RN, Wi, BI¥&E A RN TRAENGEEX
SRR AR AL — e MR o X— ¥R F R LT Elops, albulids, Iszieus, Pterothrissus,
Anaethalion vivida %Eﬁltho IR ZEERTE L HEHEHR (tooth plate) (Fo-
rey, 1973), XHAE—HIEHARTEEALH P, RAHWHAEGEALNHE L
AR X—HE; Heteroris NEIEBHRET T LEBEEWE, Gymnothus NS L
Tis, Arapaima BELE FIE (Nelson, 1968),

H2 MEEOEBNER V2332.30 X 24.1

Fig.2 Caudal skeleton of Tonxinichihys microdus

FHIE 4: ~REBAF_RBiHEZEBREZENHER, MBEAXNEHEMN
EE—RRH L BE BN MER, EX—HFEURTEEFEAXNEH D WBET
Icthyodectiformes #J Chirocenirizes (Taverne, 1986), #)5 45% fythikés (Mesoclu-
v pea) (B 1), 5 Mesoclupea BRI S A (Chuksiungichthys) (X, 1974) JEED K
B I 5 Icthyodectiformes & FRE—4% 80 Varasichthys (Arratia, 1987, 1991) #n
BRT# BT Acanthopterygii [ plethodontids (Patterson, 1967; Carroll, 1987), It
I, BEARN—ER, i1 Hiodon 4T MAFT Eokiodon rosei fyE—RERIHELE
BE 2N EHE (Taverne, 1977; Cavender, 1966), HETHIGA lycopterids FHE L
#a (Tonxinichthys) HINBIAMAE—BRTHE LB A TRAOMEM(E 2), 1 Lycopre-
ra IRE MERNE—RATHE LA ZROMER, F—KAnBHL0E (B 3), XA
F—RERTHER KR L REEE R ROMEREMEKFE EREARERN.

RRIE 5: HEARNBHES NHEESH 7R, {H 16 RalEH 16 HE/ X
SEATR L B Ro Ostariophysi Hifyy Siluroidei, Gymnoroidei (Fink & Fink, 1981)
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1 Cypriniformes FybAHEPIRED & (Plesioleuciscus miocenicus) —/Mk (8,
1990), Paracanthopterygii % #ft% (Rosen & Patterson, 1969) % 16 fR, ifu
Acanthopterygii RS L HE/DT 16 R RZ, BEBLENH Arapaima RS N
FALIE 20 1,

A3 BEREEHEE V2328.4 X 13.3
Fig.3 Caudal skeleton of Lycopizera davidi

B, B S R X, FEE I L AT DI SR S S B AR B E
A 0, B TT7E RO £ PO FHD KB ch P AT R i E I IROMR R S B R % 10CI(1) =
1/3, CI(4) BH = 1/3, CI(5) = 1/61. AN REEE SKNHERAH ALK
Wi, M4, BATRAE%EE RUE 16 REBHS NHEATEILEA Siluroidei &
Paracanthopterygii f1, %S EERE it K BTG B AOBE, b 1Asks %, M G L,
IOURLIE 16 # R BHAY B A Ttk sk R A R A S0 TR, PR S0 B 35 41 AL
ABHER BeVE 4 R B 52 SR Mo

VK IE o

SEFARPASTEARKENERREE, BIEEAROPIAFTEE UFIE 4 M5,
AM, XH M EERFARTR P T AESH. . CITEN | KEIE, MtEaXEaH
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A TELIBERES R IES B EAROXEMHE—#, hRESRIE, MXTEX
by, eEARNREANEUSERTEARNENREERNXBEABREER A%
B IE BEAT & AT, UE R X bho HFME AT SN EBEMR Patterson H1 Rosen (1977)
MWEBARNSTEBE T L#kkA Pholidophorus bechei, Leptolepis coryphaenoi-
des R Ichthyodectiformes, ¥F 0 RRFEFBMERIRE, BFE 18 2 ARTEERRKRE,
Hh B —AMRE S T A RIRER B A —4%E &5 (transformation series) Ff,#F
1 REHEERIIFHERE, 2 (EERTER O ,

.85 /N=0, &k, EFMHREBERES = 1, Pholidophorus, Leptolepis F1H
EEREBARNEERRN, REMPEHEE. EEEHAIKH Osteoglossum, Noto-
Prerus HIBE R, EMPL&SHEB, 4EARNRE/N

2. 5. K, Bl =0, 5, HE, B AULE = 1o Pholidophorus, Leptole-
pis RIS HBANBBERK, FIT X, limk s, BELEARNMIRAREEK, &
ERGK, 1990, B 1),

3.TE: K, ZEEM&ERE =0, /N, AHLEWESF =1, Pholidophorus, Leptole-
pis REBWEBANTRERBE KR, EHPLHEE, HREESHBAXNIERN, L
HESHF. ABEANTRERE/N, AT EEEFNE, LB &BITE K.

-

Ear o)
ST RS

W
P

£

e

H4 ERERAXHLBRN). A FIHEEAE V2995.42 x 14.7;
B. KESEERCA V6794.20 X 5.7 )

Fig.4 Skulls of huashiids. A. Huashia gracilis; B. Kuniulunia longipterus

L ELREE: ASETEEE —0, 5ETHER — 1, EREEFAXMELR
WELAEERT, AEETEEE. X RASAFARNELREESETERHE
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ER. HEARSRHELEMUME 1)

5. L K, RIS =0, N AT IRESE, AMEEESE =1, EHaH
B EBE o

6.HE: £ =0,F=1, FERATLAAWNE, HWE. EEEMNLEFESHN
MEFMME, PATSIANER Hiodon FTRAEN, {BEREIL Samon ELAFhIE
(Greenwood, 1973; Devillers, 1958), #E A REHHE

TIEEE: B =0,%L=1, HEARDPEEBNIREBEERE, W: Osteo-
glossum (Taverne, 1977), Chanos (Fink & Fink, 1981), {H-KE ¥ FK, E3F Pholi-
dophorus. Leprolepis BHMER T, LFHALMLA,

8. BIR B HER: H =0, &L — Lo Pholidophorus, Leptolepis RIREZEH B RK
FHRREROEIEE LA EER, HERESHEALNREE LREFRER, BEA
Rth Hiodon R Noropterus 55 EAE M, LR ARNBEST LHEREER,

9. Bk EHEYE: RTEERS EARZE =0, AKEIE & K @ =1, Pholido-
phorus, Leprolepis WIVrZ BRI BIEE LA, BEREEERAERS FAR 2
Blo BEABZMN Hiodon, Notopterus F1 Elopmorpha R BT HIR K, Hikg
HFE®E.

10. Qs EHE: B =0, & = lo 5 Hiodon HEFHAFNE, LHEAFARY
RIS R E A MART X, XBF_RMNMREBEA T A AET O, BER%K
BIEA—HALRES o S E A RWEIEFE Ik,

ILEEEH: £ =0,EK =10 ﬁgﬁﬁﬂﬁiﬂﬁ—ﬁﬁtg’o @’%”%ﬁ%@%b“%ﬁl
RERAELE, £EARBEE.

12.[ERE: B =0, & = lo EEARBRINE Kuntulunia J—IIRAEK (V6794.
2A) EWAHERE, KR Kuntulunia fUsAR, Huoshia FIRRAEIR TLIERT B o JXE%
BEE A BHX—HRREEBRAH) ER

13.[EFE: ANHBMESL = 0,7tk = 1, Pholidophorus (IE F BRI 23K 8 Lepi-
tolepis RECHEBARNETE —RANR, HUF-LEXBFPNETEFHA TSR
R NFE HB, . Osteoglossum, Chanos F1 huashiids,

13(A). BERETE: NTHEHETE =0, HEXTENETE =1, FETH
AHERWERET, ABARARKN—AEFZETEHBXTRERGN S —ET &,
EVETH. #EARS5Z I .

13(B). = EBMETE: N AKIBEE =0, X, EEFHREFT =1, ET &
SHREBRAEEt, Osteoglossum, BHEZ L Gaudryells (Patterson, 1970) HyHE =,
FMETEILFEXR,H B MAEES, T2 BREHT. FEARNAEIRER,

4. BB EE: 5HENEMDLEERE =0, SHENEMBERER =1, 4
EAPNRREEENEE ERIRERE, XB—BARHRNER Gk, 1990, B 1; x|
2, 1985), AE—EIRA LFDIERMER,FIBEERAZE A RRIERL K.

15. BT L&fiE: —REE AN LEEEG — L%, Dt ENmHER, HEE %
(Kuntulunia) pUHET_LAEHIR L EIFE,
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16. FEE: AHDOKARBY =0, EAREEREOZ 2 =1, BFEREGARD
P& EAE AR LB XRE R, BRE#H TP EEA RN L FHERHT LAREHR, %
HAaRERERL.

17. 8f FARE: Pith =0, —3t =1, & = 2, Pholidophorus, Lepitolepis F1—f%
HEARWE LSS ERR, BEERBERE—k, : Lycoprera, MMEFTHAR.
AR ABASRFRAN LA,

18. B F: A5 LAEXT,,RELMBMEENSZXY =0, T LaERI%,. 5
ZET =1, ~BEBAXNEBMTRERZN, IERZ L. ANBEEIRS LM
BRGNS, FEAXN EABZAERE—/NER 52X #UXEE, B
FE5 LB mMATOAREES A PHED T,

19 NEH: B =0, £ = 1, Pholidophorus, Lepitolepis NNEBREBH L
Wi AERo {H Ichthyodectiformes IZHBEMMWNE R LA h. HNEHBHENRERET
KET . FEALNNETE K,

B KRHEESBCARNESR V8556.10 x 18

Fig. 5 Caudal skeleton of Kunmitulunia longipterus

20. AEEEE: THRMABET LS =0, EFHEESER, HIMEZANT 90° =1,
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TFTEART L& = 2, Pholidophrus bechei, Lepitolepis coryphaenoides F Ichthyode-
ctiformes HI% MARMAERE TN THHEBET LM, BEEARNNEZEEE5 2 20,
HEEARNRTREE L TRASK, MABAREEENTHEKT EE,

21. FRTEEERE: L =0,F =1, BEAENBEEN LIRS — LT E &
(suprapreopercular), XEBHREREEME Z— (Greenwood et al., 1966), EEHIER
B o

22. GEIE: S5k =0, BN, BRXIR = 1, Pholidophorus, Lepitolepis HIEEE
MRFEA,MALEEEARNEIMERRE/NWHZEXK. EEFANNEREERITE
1S [, B A AR

23. LR HAR=0, FAKERK=1, FKEBEEFARNLWERBAME
KEFEEFARPERBN LHERT K, 5ERNI/ERREN. AR
LB XGETULAERR, R /N, 2,

24. LBES/NE: B =0, =1, Ichthyodectiformes FIHEEKREBTARKELH L
BES/NE.ERSESEFARRELE. FHARH,

Be6 LHEBEHECENER V6794.1Bx9

Fig. 6 Caudal skeleton of Kuntulunia longipterus

25. FTRLEE: =0, F=1AEEEFARRLATIAE,BEREREFAL, 85
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Ichthyodectiformes, Lepitolepis K% %G TURT. CEARNMBESR,

26. mATJL NS HBMAS, R Kx=0, Ik, HEEE=1, AHANRIN/LNE
HAMSST A, EEESE, TR 5IMUBRERKEBENES) (Greenwood et al,
1966), XREMHBEEMARKY Ostariophysi ETELRIFIE —o ERARNKITLA
HHRAMESEET XA L,

27. B—RATRATAR: §, AEB=0, B4 MRERERNWMER=1, FEME
BIESEENMEIR =2, Pholidophorus, Lepitolepis RILBE RS BAEFARNE R
e LA R EROM AR, {8 Ichthyodectiformes FABIR R, BEHAKKIAS BB,
HFaREEE BRI L —REHRWH B Kunulunia —SBMEABRHERD (B
5)o BH—EFRN, . Hiodon HYFE/NFh, Tonxinichthys, Mesoclupea KA K
FE—RR# LA ZENHER -

H7 K#BEERCAMER V6794.3B X 19.6

Fig. 7 Caudal skeleton of Kuniulunia longipterus

28. FE— MR RO B T=0,8AMEE =1, T MEE =2 5%1E 27 #
B, —EFARNE—RBATHE L H TEAHAR, F—RKnBiE EBEdn: Osteoglossum,
Noropterus, T REMHMARNE—RIRRHEEH, : Lycoprerao T (1985,1986)
iNH Kuntulunia B5E—R¥GRHE LA ST ENWMERE, Huashia tungi HE—RIGRH
BEZENHEH, HERMNEFUE, LIAK V679418 NE—RRBHEERT L —
SERHIMARE, V 6794.3B WEBE—RRHEERT L—EHHEMIN, Kunulunia
HAMRA KRB MEARTE (B 6-7)c Huashia RN FE—RinBER TR IEH ZENW
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SRR AT ARRERIRE, V 23230 R H. mwngi (0B — KR B — S 00 2k
Rk, BRrE HINYEE A& RNBH MAWE—Km B - A 2 B AW, 140 Mk ik
Ho

29. F—RBATES B —RinR#: 58 =0, id=1o" £ Clupeomorpha HI Eu-
teleostei UH—ERIMESEE—KmBHAL, BR—E&#AKk, CBREAEFTARNE—
BEHIMSE—RKEERHAHES B, #EAaRERE B,

30. BHER: ERBHE-RRE#E=0, “RBHE_KREE=1, (TF—-RE
WEE=2, BHEBEETARNELIEDTEATRLON. REEBAEXASH=
RRELHEWEBBHE KM, T Elopocephala Dl EHEFA(], Patterson &
Rosen, 1977, fig. 54) —BEAMIT M, Osteoglossum F1 Noropterus AW, B
HEEFRE R, #EARXEGE=REWMELEBHE _RKHEH.

31. BE&® (stegural): L=0, H=1, JEEBEXSREE-BHELHENIINE
—ERERE, B 9RBE T (Patterson & Rosen, 1977), (L AREEE Lepitolepis co-
ryphaenoides, Ascalabos K1 Anaethalion NE—BEMBEF LBE—/ UEFEZEE (Arra-
tia, 1991), {EAr ELLAT—MBEG. MEESBRBESAERIBEF. Fll, XX
RESBWHIIEA—RTRHIE. FEARFERE . :

32.B BB =H=0, —8=1, T=2, B Lepirolepis ENMNLHEFTALN
BEBA=, BEERBENE LERE—H,: Chanos, Hiodon %, i Osteoglos-
sum Nozopterus %HREE. 5 (1985), 3k (1990) i\2% Kuniulunia W5 —R L
Ho MERIMEENRE, B V67943 E—RmEHANEHEARTE /NEAAIRER
LEINE 6), HRIREABRIE LB Huashia (YHANFURILE LT, FTLLEEA
RRAIERER LR, XEHAREEARNE LEBRIREEN 1o

33 RTE: LHEEL=0, X#t=1, ETEFEEFALNEMIREHEE—
BEEAKRBON. REREFARNETEIUE /NS, WHEEESL, MAEEBTAR
HE TEXEZAH LR A EEARREZIAANIE T,

3B TE: 4E=0,BoAa=1l. ZRAFTEAXNETEEMESHKW, H—L&
HEAEWETENIATASIHSE, M. Ostcoglossum, Nowopterus,Gaudryella 2%, 4%
HaXMmRTEHINE, |

35. BB X sk: 17 =0, 16 =1, /DT 16 R=2, HEHBHENEHEH LK
2417, HEFAI, Siluroidei, Beryciformes ZERFER/D4 16 R E/D, ®£EF
BRI BD) AL S 16, NG 158 (H. gracilis V2992.1) = 144 (H.
tungi V8062.1) Mo

=, BHAFHARRERAR RS

RIE LR 35 MFIE, TSI HEF AR, REATMBSHARNERSHERE. &
HERWNY Hiodon 24, BOBIERTEEEWHR Osteoglossum, FEATHKY
Notoprerus (F 1),
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#1 L£FaX AHaREFEARNYRSHERE

Table 1 Character matrix of huashiids, Chanos and osteogolssomorphs

anc 0000000000000000000000000000000000000
huashiids 0101100001121101112101001000210001101
Hiodon 0000010110110000002000010000100001001
Osteoglossum 1001101000101010002000010000220202112
Noropterus 1001000110101000002000010000220202112
Chanos 0017101001011100012012110101001111100
Chanos
Huashiidae
Osteogliossum
D Notopterus

Hiodon

Ks H6 AHA5FTARMHEEXRE

Fig. 8 Interrelationships of huashiids, osteoglossomorphs and Chanos

SRR SRR :

D. 17(2), 32(1);

C. 13(1), 33(1);

B. 1(1), 28(2), 30(2), 32(2), 34(1), 35(2)/4(1), 11(1),
22(1), 27(2);

A, 10(1), 13(A)(1), 16(1), 20(1)/5(1)

F Hennig 86 s #TZMRERE, BRH—REARSZE (55 F,Cl= 0.78)(& 8)o
TH R T ABIENE R FR. /7 RIRNEHMEER S X E PR REE, RICIE% 1
BRRE (Wiley, 1981), “/” JARIRFEA R BHFIE, X EKRPLF AR SHA AKX
RETEESEEARNRR. #BAXSHABAZABUGRSERE 5(1), 10(1),
13(1), 13(A) (1), 16(1), 20(1) Fn 33(1)oHHARN B 3 M ATH IR 5(1).10(1),
13(AX(1), 16(1) F120Q1), #£HMAE Osteoglossum + Notopterus Z[RIFEIABIER
11(1),13(1), 27(2), 28(1), 33(1) R 35(1), LR AR AEAFARE 11(1),27(1),
28(1) F135(1), KWk, EE@EEITA Osteoglossum + Noroprerus BB MARABEA
H T, BT R RO FL A REAE RS 43 B 3G N — R AT SR AR B A R I PN AE 3 23 B 2D — e
WARE BN X EOEAT TR (step) BEMEIN—F, A, FEAREHA Hi-
odon R, EBENHPSBEMWKES, KK, $EaRX5HBABVHERBERES
o 4, XEREEREEREARMBAARBALDPIE? MRRIEEFTALNHANL
FBFIA LER LB, TUBZ—FROMWERS G ERE (R 2)o A Hennig86 HHT/5
BI—HRANSZE (67 %, CI=10.65) (B 9), FIES, #EALXXNEITES
AR, FOUSTEANARE, RESAXNETARERVAYIX, Z—IEEAEB
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#2 SFAARARHELFHERIHER

Table 2 Character matrix of huashiids and representatives

-

of the other groups in teleosts

anc 0000000000000000000000000000000000000
huashiids 0101100001171101112101001000210001101
Hiodon 0000010110110000002000010000100001001
Osteoglossum 1001101000101010002000010000220202112
Noztopterus 1001000110101000002000010000220202112
Elops 0000000010000000000000010010000100000
Diplomistus 0002100000000000000000010100000100100
Chanos 0017101001011100012012110101001111100
Guadrvella 0000100001001010000011010010001110110

Osteoglossum

A2
Notopterus
Al
Huashiidae
A
Hiodon
Chanos
B2
Guadryslia
Bi
B ; Diplomistus
Elops

By #FAS5HFALKBRREANEEXAE

Fig. 9 |Interrelationships of huashiids and some extant teleosts

KR 5 R HRFIE
A, 11(1), 27(1), 35(1)/17(2), 32(1)

Al. 27(2), 28(1)/13(1), 33(1);

A2. 1(1), 28(2), 30(2), 32(2), 34(1), 35(2)/22(1)
B. 30(1)/22(1)

B1. /5(1), 33(1);

B2. 19(1), 29(1), 31(1)/10(1), 13(1), 20 1)

BEHEHEBARNRRARNB I . EXHEIIRBFLER, A AL AR
X BAXRFARRE 11(1), 27(1), 28(1) f1 35(1) BHXHARNHAFITHENE
30(1),19(1),29(1) F1 31(1), X#, SEI— NI XEAHNE, $EAXEZRAAAE
far, ROUEASGHEXEAE, fmEH B 4332 i M/ RFAE 208 3 In— vk 3 46 v
B, MEEARSABAEMNKTED, ADPZEILEATRENSIH—M X BN B
B, W 5(1), 10(1), 13(AX(1), 16(1) F120(1) Kk, EHARERHARAEA
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TSRS TEGE LS BENS S, XARDARERELAN. BR, MENEEH
RHS 8 H AR B T IR, 2 B A R Yr 05 R LUFE 0 LB fa i sk B #5018
EEMBEERAMASRE, R4 aMESaBaANRESEE S AT
SEOEZEEE R E CLIE/NT | (BT, SA1ES 2 ERECRE A K, Hib, 7%£H
B4 E fa X S A BIAARRA CLEY | WHERER T, AR i BREASE
BEP, XERERESEE AR MEFLMERTREMERLE, BAREYE
S8 B &2 HRT EUGHIE, TEEASXERE LN RNRIT.

Osteoglossoidei

Notopteroidei

Huashiidae

Hiodontidae

10 4FA&5FRARNEEXRE

Fig. 10 Hypothesis about the interrelationships of huashiids

and osteoglossomorphs

5ERMAINNBTEARDRKBARANE, KPP SZEE Nowoprerus R
Osteoglossum AR T BRITHIME TR EE, T Hiodon HIMNEHEA T H by 3k, EHME
# FH 88, osteoglossoids 1 notopteroids #51RZ hiodontids Fri&E R T [
ARSCHAEY 1(1),4(1),13(1),27(2),28(2),30(2),32(2),33(1),34(1),35(2)]1, {34
BE A RHISY 2K HL hiodontids 5 notopteroids 2 [AIHY BANMEBIT LIRS E S B &
(Lauder & Liem, 1983), 1X#&, hiodontids BLEZ T notopteroids (Notopteridae + Mor-
myridae) W GREE, MBXMORER, CRANEETABETHLOR N TER &,
HAES—MEENHEUBELES - M UEHRBE, HREAXNSZE, LR
7= Osteoglossoidei + Notopteroidei HJIHEKEE, 1 Hiodontidae B'E{]1=FH B (H
10),

M, & &

B RRTRESBNEE—RERARUNNHEERIRETHE—HRE,
AERREE LT, MR ERE, A AE , EUEM. MR, YRR UL E—F -
B ERA5E, Popper TEDYE LAY, B 2280 (RIG LA LIS, BIRTLIEDY (falsi-
fication) #y, ik MM BILRS TIEN (Wiley, 1981), D4 HKiEHR, HWHTLL
BEREERR DR R (ad hoc) iR, EHTXEARERANTENE, XREERT
FESREFPRREENEHZ—, WEEUNREES X ZHE, SORERES S THE
HRBIEH. BE— OIS REREHN,BE LHRNAHAARRELRNEL, Go-
sliner A1 Ghiselin(1984)%% “YERA" SR UL BF FE AR IR SE 4 4 R IR BB AR IE A0 H BUEL BT MR
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HOR= A OB, BRI — S A Y R B R R AR R AM, KR, BII0XNERRE
EEESERB LEHEN B AERMMIRZRERAT R ERER YO XEN, B ERFE
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THZHEPHREE L MEREA T ER LN E, NNEI T SRER LT —
BERENNEE, OLBEELEANSI R, EIHAREARFIEZHTHAANSE,
EXMFZXEARFREYE, HAOEXMERTREAT R ENE L, BalthM=E
EREF AR EHERBNE CLETMENY | DL, IEFAXREORE, REE
S X EBRBIERNAE, BERERT AKX AR, Hik, Hiodon RERE
Notopteroidei FITHRE?LE ARBFIIABTEALEFLIEYS Notopteroidei+Osteo-
glossoidei AU ERER (B 10)? WXERBELSLITFEINLTR, SEANIRDRE
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THE INTERRELATIONSHIPS OF HUASHIIDAE (TELEOSTEI)
AND ITS IMPLICATION ON SYSTEMATICS

Shen Mei  Jin Fan  Zhang Jiangyong
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Summary

Afier Greenwood (1970) referred Lycoptera to Osteoglossomorpha, more fossil osteog-
lossomorphs were reported from Mesozoic deposits in China. The most interesting one among
them was the change of the classification of Huashiidae. At the beginning, Huashiidae includ-
ed only one genus and one species, that was Huashia gracilis (Chang & Chou, 1977). It was
viewed similar to Chanos and different from Lycoptera and other primitive teleosts based on
the characters of "its skull. Afterwards, Liu et al. (1982) and Ma (1986) put Kumizulunia and
Lycoptera tungi in Huashiidae and thought some characters of their caudal skeletons were au-
tbrnorphies of osteoglossomorphs, thus they referred Huashiidae to  Osteoglossomorpha like
Lycoprera. But the skull of huashiids was distinct from that of all the osteoglossomorphs, be-
cause of this, Zhang (1990) set up huashiids as a2 suborder which was equal in rank to the
other suborders of osteoglossomorphs. This paper reviewed the synapomorphies defining Os-
teoglossomorpha, compared huashiids, osteoglossomorphs, Chanos and representatives of other
teleostean groups in detail and concluded that what huashiids and  osteoglossomorphs shared
were not their automorphies, while huashiids shared derived characters with Chanos as well,
the reason why Huashiidae was referred to Osteoglossomorpha was the principle of parsimony.

The cladograms were built by Henning 86, the figures were drawn with the Camera Lu-
cida of Wild Microscope. This study was supported by the President Foundation of VPP,

1. Review of the synapomorphies defining Osteoglossomorpha

Greenwood et al. (1966) put aside the old groups of teleosts and distributed the members
of the groups into four taxa: Elopmorpha, Clupeomorpha, Osteoglossomorpha and Euteleostei.
Osteoglossomorpha was defined by nine characters then. After cladistics was given credence,
most of them were discarded because they were homoplasies or ones which did not shared by
all the members in Osteoglossomorpha. The synapomorphies now defining this superorder are:
1) presence of a “tongue-parasphenoid bite”; 2) paired bone rods or processes at the base of
the second gill arch (Greenwood et al® 1966); 3) gut coiled so that the intestine passes to the
left of the stomach (Nelson, 1972); 4) a full neural spine on the first preural centrum (PUl)
(Patterson & Rosen, 1977); 5) caudal fin containing 18 principal rays (Gosline, 1960). Be-
cause the 2 and 3 characters can hardly be observed in fossils, the classification of fossil os-
teoglossomorphs are mainly based on the other three synapomorphies. So, let’s have a test for
the three characters.

Character 1. Many species of primitive teleosts Pholidophorus and Leptolepis have teeth
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on the oral surfaces of the parasphenoids. Differing from most of osteoglossomorphs, these
teeth are very small, limited between the ascending and the basipterygoid processes to form a
tooth patch on the posterior part of parasphenoid, while those of most osteoglossomorph para-
sphenoids are toothed thoroughly. Patterson (1975) regarded that as a development of the prim-
itive tooth patch, so that oral surface toothed thoroughly can be viewed as a derived character
to the tooth patch. This character also shared by Elops, albulids, Istieus, Anaethalion vivida
and Prerothrissus, etc., Most of them also have tooth plates on the basihyals (Forey, 1973).
This shows character 1 appeared not only in osteoglossomorphs. Moreover, not all osteog-
lossomorphs own the character: no tooth is found on parasphenoid and basihyal of Hereroris,
nor is on the parasphenoid of Gymnathus and on the basthyal of Arapaima (Nelson, 1968).

Character 4. Most of teleosts have no full neural spine on the centra behind the second
preural centrum (PU2). However, most osteoglossomorphs have a full neural spine on PUIL
This character is also gained by non-osteoglossomorph teleosts, to put forward some of them:
Chirocentreres of Ichthyodectiformes (Taverna, 1986), about the 45% individuals of Mesoclu-
pea (Fig. 1), Chuhsiungichtkys which is very similar ti Mesoclupea (Liu, 1974) and Vara-
sichtkys locating at the sam node as Ichthyodectiformes in teleost cladogram (Arratia, 1987,
1991). But some of osteoglossomorphs, such as some individuals of Hiodon, Eohiodon roseci
(Taverne, 1977; Cavender, 1966), some of Tonxinichthys of Lycopteridae (Fig. 2), have no
full neural spine on PUl. Meanwhile, many individuals of Lycoptera have full neural spine
not only on PUI, but also on the first ural centrum (Ul) (Fig. 3). This indicates that if there
is a full neural spine on PUI or Ul is not stable on the species level.

Character 5. For many teleosts, there are 17 branched caudal rays- Nevertheless, redu-
ction of the rays appeared many times also. For example: those of Silurcidei, Gymnoroidei
(Fink & Fink, 1981), Plesioleuciscus miocenicus of Cypriniformes (Chou, 1990), most members
of Paracanthopterygii (Rosen & Patterson, 1969) and many acanthopterygian groups. Yet
Arapaima has 20 branched caudal rays.

The synapomorphies which defined rhe Osteoglossomorpha and which can be observel on
fossils, therefore, are in fact not the speciality of the superorder, they occurred parallelly in’
other taxa of teleosts, their consistency index (CI) value are smaller than 1 [CI(1)=1/3, CI
(4) <1/3, CI(5)=1/6] . In addition, not all the osteoglossomorphs shared these characrers. Of
course, Huashiidae will not be referred to Siluroidei or Paracanthopterygii due to its 16 bran-
ched caudal rays, for the autoapomorphies, as Weberian organ, of these taxa are wanted in hu-
ashiids. That means according to the 16 branchzd caudal rays only will not decide the classifi-
cation of Huashiidae. Consequently, the three synapomorphies strictly can not be regarded as

defining characters of Osteoglossomorpha.
2. Character Analyses and the Classification of Huashiidae

The reason huashiids was referred to osteoglossomorphs is their similarity in caudal ske-
leton the so called defining characters 4 and 5 of osteoglossomorphs. Both, however, are
actually homoplasies in teleosts, while many similarities between huashiids and Chanos in skull
are derived ones like these two characters. In this sense, the similarity between huashiids and os-
teogolossomorphs and that between huashiids and Chanos are the same. Thus, there is a need
to analyze the characters of huashiids thoroughly for detailed comparison.

35 characters which could be observed clearly and be polarized in huashiids are select(d
Besides huashiids, Hiodon, Osieoglossum and Noropterus of osteoglossomorphs, Chanos and
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representatives of other teleostean groups are chosen as OTU (Tables 1,2). Pholidophorus &e-
ckei, Leptolepis caryphaenoides and Ichthyodectiformes are outgroups in analyses. The Arabian
number 0 represents the primitive state, 1 or 2 the derived state, when a character has a tran-
sformation series, 1 the middle state, 2 the apogean state.

Two sets of OTU are made up. One is composed of huashiids, osteoglossomorphs and
Chanos. In light of it, a most parsimony cladograms is obtained with Hennig 86 (Fig.8), it
shows that the relationships hetween huashiids and Chanos is closer than any of them to osteo-
glossomorphs (the advanced characters supporting each node are recorded at the base of the
figure). Then, does it means that huashiids should be related to Chanos? The other OTU is
added by Elops, Diplomysius and Cwadryella, a new cladogram can be established according
to it. Although huashiids shares more advanced characters with Chnaos than it with osteoglos-
somorphs, it lacks what shared by Chanos and other teleosts. As a result, huashiids goes back
to Osteoglossomorpha in the new cladogram. Consequently, in the case that no probable ho-
mologies are found between huasiids and any other taxon, huashiids may remained in osteog-
lossomorphs. That is neither because huashiids and osteoglossomorphs have gained any synapo-
morphies other groups do not have, nor because huashiids and Clhanos share no advanced
characters, otherwise, it results from the principle of parsimony .

Different from the related pattern of osteoglossomorphs accepted gemerally, the two cla-
dograms in this paper put Osteoglossum and Notoprerus into a sister group, while Hiodon is
divided from notopteroids, for osteoglossoids and notopteroids share many derived charac-
ters which are wanted in hiodontids. But the extant osteoglossomorph classification weigh the
two synapomorphies owned by hiodontis and notopteroids highly (Lauder & Liem, 1983), hio-
dontids and notoptercids thereupon become sister groups each other. According to the latter
pattern, it is difficult to locate huashiids, for what huashiids shares with one suborder also ap-
pear in another one. If depending on the pattern in this paper, Huashiidae will be the sister
group of Osteoglossoidei + Notoperoidei, while Hiocdontidae will be the sister group of these
three taxa (Fig. 10).

3. Parsimony and Falsification

One of the important advantages cladistics gained over the traditional taxonomy is the
application of the principle of parsimony. It made a standard regulation for classification,
and the classification is no longer an “‘artistic” work hard to follow. Parsimony is, of course,
not merely an agreement in methodology, Popper views the simplest hypothesis as the most falsi-
fiable one (Wiley, 1981). Parsimony thus can reduce the ad hoc hypothesis to the least number
and made a cladogram easiest to be falsified. This may be one of the most important reasons why
parsimony is applied in cladistics, and it is also the scientific meaning of parsimony. Parsi-
mony plays the key role in selecting the cladogram. However, every cladistist understands
that logic simplicity does not mean natural simplicity. Gosliner and Ghiselin (1984) once “pro-
ved” that parallel evolution often exceeded divergent evolution, which implied the evolution-
ary processes of some taxa were not economy. But their conclusions were based on the related
pattern already existed, in other words, what they proved in fact was that cladistists often di~
scarded the logic simplicity and chose the natural triviality when they built a phylogenetic
tree. Give the classification of Hiodon as an example: there are many advanced characrers
shared by osteoglossoids and notopteroids, only two ones by Hiodon and notopteroids, but the
former characters are all homoplasies in teleost and the latter ones are thought to occur only
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in Hiodon and notopteroids, there could have two patterns to select: one is» like that in this
paper, osteoglossoids and notopteroids as a sister group and hiodontids as their sister group, a
most parsimonious tree then can be gained. It should be noticed, however, that as the clades were
based on the synapomorphies whose CI values are smaller than 1, the clades are hardly falsi-
fiable. The other pattern is hiodontids and notopteroids as a sister group and osteoglossoids as
their sister goup. This is also the one accepted generally. The tree is not so economy as the
former one, but the clades depending on probable homologies can be tested. Consequently,
parsimony sometimes is not equal to falsifiable. No matter what systematists select, simplicity
or triviality, there is only one aim—make cladogram falsifiable. Moreover, the evolving process
of nature are not always economy, if the chance of every process is equal, the possibility to
evolve parsimoniously should be very small (Wang & Meng, 1989). In this sense, although the
selection of triviality is of philosophy of science, it also has reasons in biology. That means the
principle of parsimony often no longer suit the case when taxa have rampant parallels.

Then, can the standard of “falsifiable” be applied in all the cladogram? The answer
may not be “yes”. First, in the taxa with widespread parallels like teleosts, there is hardly
any character with CI value equal to 1, many so called characters are found to be homoplasies
before long, for instance, the temperal fenestra of Hiodon and the full neural spine on PUI of
osteoglossomorphs. Cladograms of such groups are not only falsifiable, but also to be {alsified
too easily to reliable. Besides, though the possibility of evolving parsimoniously should be small,
the divergence of characters should be more than the parallels as well because the evolving
process has been proved to be the one with accumulation of information (Eldredge & Cracraft,
1980). Thus, as the so called characters with CI value equal to 1 are not so believable as we im-
agined before, we have no reason to think that the occurring times are unlimited of the charac-
ters with CI value smaller than 1.

Hence, for the taxa having rampant parallels like teleosts, we could not applying principle
of parsimony as a dogma on one hand: on the other hand, the standard of falsifiable are un-
reasonable in a sense, cladistics is sometimes difficult to follow just like the traditional taxo-
nomy. Meanwhile, after computer found its usage in cladistics, more and more systematists be-
gan to look for every characters containing information to get a most parsimonious tree, but
many clades of these trees are unfalsifiable. Parsimony in such case has lost its original scienti-
fic meaning, left only with the agreement in methodology, thereby covered the cladistics with a
subjective hue. Ay for the classification of Huashiidae, its referring to Osteoglossomorpha is
due to the parsimony, but the cladogram is hard to test, parsimony in this case only has metho-
dological meaning. At present, no character is found only shared by huashiids and certain ta-
xons even if there exists such character, the cladogram set up on that may unbelievable, espe-
cially in such groups as teleosts. And whether hiodontids and notopteroids should be sister
groups? Whether huashiids could be viewel as the sister group of osteoglossoils and notopte-
roids? To answer these questions now may be too early, the classification of Huashiidae is still a
problem unresolved and wirth exploring. -



