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¥5 & ( Esox , Teleostei){t. G 1&
hENEREZDRY
King EAxR#E

(FEBER SRS ARTIRN LR 100044)

WE CRTUWAROBEEEEEYy REFHEEH - BMT AR atn, % g%k
K. EEUERE FANEAKEN M6 EEmaIm g SeEK; B M Rl &,
M2 i BT LAE R B R 4B RMARK T 6, (A L8 0 %ei 4 B a
R S E BB RYY S SR E, RIS, E T ERA R (YN 130°); BN
BAETAKTPEER, HivEFrafdhi—-mmnaBgR2EXnEmn. RBELLKEHRKZ
A M TB TR A B R E#EA B E SR AR, RITEEIT -5
FM——p O fa & BRI A A A EE i LA RTAE AL R UM R B ROR B, L R b A
UM ERER. BB TIEG 377 mRH AN AT W4 15 X (43°F0 46°LAdL) 5
Mo MGHHH2ERSRME , BRFICR 28N, fh 50t At s B A A 2 o T8 AR IR R S
15 FARET A AL b E R R B B RO AR X R AERM T — B IER.
KR LARRO Y mE, PEMEREHR

HEZES RS (915.862

1 515

¥y fa B (Esocidae ) 2 B AL 1 BR AL ER G — A /K M IR /K B 26, (A48 M £8. ( Esox ) —
B Bttt 5 M, Hh#i R (E. reicharti Dybowski) 23 T8 E R ILH BRI,
PATETT. S 95 B VTR S AR X PE AR AR B 3R, B A1 40 T K B 444 43°LidE; B
BEf 40 (E . lucius Linnaeus ) 5370 75 % 82 B ACAR PB R i b IX., 78 U9 59 43 EL 35 EC ¥4 £ B
Jb, FE R P TR B BUR AR, AFEAL S 46°Lidb (K 4F, 1995; Berg, 1948) , 7
R B 25 8 S AR AW Hofth 3 B (E . masquinongy, E. niger R E. americanus ) &8 53 i
AL AREEHE, L AT PR A b X B 5 52 7, fe g 19 R E GRS BLR N ) B2 AL =]
VA28 (Grande, 1999, & 10),

B A B AR R M ) . BRI Ak R BT g KR /R 1038
48 1 3% [ PR B A B 9 St 3 J2 P (Wilson et al. , 1992) . F #THH (Wilson, 1980, 1984) J4f
itk B9 ¥ £ (Wilson, 1981; Grande, 1999)ILRIIMU A BLFILE, B T, ENIAER
WX ( Gaudant, 1978, 1987) . ¥ #G {f1 F1] S #1 = 3. ( Sychevskaya, 1974, 1976 ) i B . Fr it LU f5

DEAXARBEESETATE (55 M32010)MBEFIBERELNEMAREBRAYTH (RS
G2000077708 ) % Bh
WeH H 32001 - 11— 16
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AR HERZ, bt EEi7ERK (Sychevskaya, 1976; Gaudant, 1987, 1997) .3 (Cav-
ender et al., 1970) .FE{AF W 5% 1y (Sychevskaya, 1976) , 585t 7E KK .38 K E PHIL ER A £
WX A KRBT Hi A9 A (Grande, 1999, 10), B AMATETEHBEE KA,

BRTERI T KFEHERRGH AKX RN AMCZ S (kIR E JAZAE, 1578, 7KK
B %, 1985; Chang and Zhou, 1993), T EL7E At DX B S it LAk By 362 7S] 50 8L 1 )
FACARER T , A0l aF RS E it am e o B 23, R S8
ZHME HEABIRE . XA WANEE , — 20 REER D, E B LREK; =
Bt R A BH— 0 TEE R #IR A N2 FBEE 2 (gonorhynchids, 7K ¥R 2 | R E i,
2000) , VERASCAEHTEEFWE X SARA R A & B, EA M AT A R R,

19901994 FFA L AR B AR B E BT (B D#TREM , FRAH T
B(SHEBE)MMIAEFRE T ALERM AT ARFEAE TR LR —MRER
ZWak, Kb —-HAZFEERB TS HEAE (Amiidae) , BHK HTICH. 75— N
B TA S ErHE 6,

IR AR kR EE o)
Fig.1 Map showing the locality of Esox longkouensis sp. nov.

RBEHE-ESHER, BT LR =&, —BEKM 5 RE BKE AYEE
KE B UHREHER ZBO SRR R U SRS RERE REKE HT
BUKESE:; Z BB S BEKE SREEEHN. REHFEMMEREES K
B 0%, Rk W R, TR AR b, BEAPESREHMA S
A BEFRBIBFANTEHE, K TEB (G WP T4) & Paraalnipollenites- Betulaepollenites
plicoides- Polypodiaceaesporites UYL & , 5 B S —H MR EH WM AL — B, BEHH
G, Hd . EEA Alnipollenites- Tiliaepollenites- Taxodiaceaepollenites hiahus HU¥Y4H 5 LA R AT
% Eucypris wutuensis, 7] 5 55 PRI B4 B9 FLIE BV WIE A T B ZE P A ST A 5 &8
AR T BB T P A R B[R] 26 A 4 AR (R 2 R 55, 1992) o T PRI A AR AR 5 L b 3
7= 8065 #E Bl ) SR AR R T 26 T PRl 4R #BL 88 ( Homogalax wutuensis ) 71 [ 3 I B 25 1L 5 B2
PLABIE IR BT G2 F A4 L RS Heptodon niushanensis ) 2543 958 R B UG Bt B & o
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WA (B IR (L3 1965) , S EL4 AU RHAR BN S IR 1 IR 4 BORHN B S LA B i (LU 2R 48
JEE TR )Ry, 19913 ZE 2 R 2, 1992 PR IR 45 ,1999) . IR AFAFH AN T KBWIL 3
Yy, Rk seh A M 2 A R A e RO B it (kA L R 3C, 1996,
1997, Tong and Wang, 1998) ,{H57 —&2& BT AMRAKE S o R
R AR T H RS R, B A EHAEE R T i#H g L 3B AW 8E (Beard and
Wang, 1995; Tong and Dawson, 1995; Beard, 1998; Beard and Dawson, 1999),

L ERA R R BE, FA,RITEWE T s 50 N8B 5% fris 4
THUGR A B K & g8 (s 5 & AR TR A S P.37) , B RITE =
ST = BB A, RIH RERAE R, S ATELLE . Agassiz(1833 ~ 1845) K A
BWAEFENSH, HFH ZFFNARTE Wilson(1984) K Grande(1999)

2 ARAHE R

E B &% Teleostei

¥1£ B Esociformes
¥ T H Esocoidei Berg, 1936
¥1fa % Esocidae Cuvier, 1817
¥ifa B Esox Linnaeus, 1758

ZO¥ & () Esox longkouensis sp. nov.
("2~7)

FIE BEAUTHIEAEGH—Fm M. LK AEKZ 0.33, SRR M B a5
W BAR E. kronneri [R3X— HAB (0.34) 425 E. lucius R E . reicheri P H EEHIE
Bl BB KR 0.29, 8 E. kronneri BB REKE .19 1.5 THEREKZEN
1.53,% E. knonneri B[R — LB (1.88) B/ 88 35 B B R EMELE E. kronneri M £
AR FYEN, 5 E. temani FRIEREFNB K ;TR V+18=23 W, 5 Esox B
o = AR, BN AE Bk G R % (WL Grande, 1999, % 2; E. kronneri F1 2 V +
14); BB S EH A, HE E T FEA(130°) 5 E. tiemani 1 (%7 130°, # Wilson, 1984,
DAETI/NTF E. kronneri (£ 140°,4& Grande, 1999, & 2B), Jiff &+ A0 —sefb 6 FBLAE
PR AE AE 2 11 0 £ B R A AR o

ERRE RETERESE B, SR S AR A,
¥esh® 5 i ABHARITIRAS V 116902,

BIBUARA R T AERRA  BEERZH . KR NE RS, BT
EA S AR, S5 W A ME B A S V 11690, — AR A8 TER, V 11690. 1,

Hibdr s TR ERA 94V 11690.3 FRAFEIFHALE 5V 11690.4 AATEK
BV 11690.5a, b A Y SZ R ABIE IE RV 11690.6 & V 11690.7 A& H , ATEMR
TGV 11690.9,V 11690. 10 B2 | T3 E H 5V 11690. 11 RHEER N &I (AT
2B IR SEE V11690, 12 K T AR & AR B K.

FERZ  Longkou, LA # O HDLESH -
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B2 RO¥E, V11690 7n7: 1. KEREE R, 2. KIEW, MFUALE 4
Fig.2 E. longkouensis, 1. head and body, severely twisted; 2. head
in ventral view. For abbreviations see Fig.4
B 2~ 7 PR 4 lem(Scale bar = lem in Figs. 2~ 7)

FREAM WAk OEEEREY mEH B, RGHt (S b,

#id H5HAMmESREEAL, AERK, AN EBIEFERERBIRAZ—
V 11690, i T EE—PRIZUH B BFRA (B 2.1) iR =M%, BRI AERHE X FZH
BIRNRBUEN . AREBHE KIS RETF, TEE 2K, K (standard length) R BES>
Bl &, SRS AEAN, 2929 47 Loam, B — N BOR BIAME, B AR TC B8, k< (88 55 B 7EAR
AR RS, G ERRAEA R TR, LK EE Wi £ B &R Hm L2 4 MEHERK
)27 156mm, B sk SR K 2 298 0.33, i db 2 RMTTUAE ) E. kronneri F1E
5L(0.34), fFEIRTCIME (A BRBM. FHEATEEGI, BEAT BRRE, BN
REILE UL S 4R R, o7 LAME I B S 70 48 9 (61 B K BRI

LER FEIERUARAR(V 11690.2) & V 11690.1 B M5RA £ A LIE B L EA KB 8B
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B3 O, v i11690. 1 #5A4: 1,2, LTS, &5 A LA 4
Fig.3 E. longkouensis, 1,2, skull roof. For abbreviations see Fig.4

Fo V11690.1 &R T 8IFH MM 3.1,2),V 11690.4,V 11690.5a, b(iF . [ H )4F
7T BB A BN HIER S (fontal, B 5.1), FRE W, (L E B A 4K F 0 15877 5 & BT
MAHELEERFORSY BRER, KEANHIKER 5/6(101/121mm, #§ V
11690. 1, MK F it B A ARG ERE -5 5, RREEN LOE, thA TR A /9K B i
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). 5SH—MBEEENTFELE, BRBIERE, RGAERLKE 22— m s
VR, BAEFAAMN THEEBRIGY 57 4, RPN, BE, 8HF XBEHER,
BERAFRESKEZLRN0.29, BHIGEB T H. E LERE (supraorbital sensory ca-
na ) FE RS, BRTEEITEA KR OLITRENS . S8FMLIL, TE (parietal) E 48,
BRI, 72V 11690.1 LAl IE B RA FERMHFHE FMBER22 FHE.
ATE(E3.2)0 R4 20mm, & 13mm, TS5 KZ N 1.53, E. knonners TEHRATEKZ
b4 1.88(Grande, 1999, p.274), FEIERUARA J V 11690 T REERIBE AL S T (AT 1
M (& 4.1,2) , K B/ AW, 8RR S0, /R TR AT, Fimi 9t , R
FeIg AL A T H PRI EES. 18V 1S 1| LM IE S| EALE (supracc-
cipital) B RER (B 3.1,2) , BR— MBI BE L6 0 RAER PHRAKOBRER> &
T 58, AR N R B R A . IERIARA UG 7 o] BB 8T RO
H (exoccipitai) o BITiTMER RTE % 5 EH B (pterotic) #BHE, J5 & H 58 F /B0 ity &6 7
A B A (dermopterotic) , JE ¥R, R TMIZ /5, 7€ V 11690. 1 L AT WH /5 il #%
A LD R MG E KSR (B 3.1,2), R—mAEHBRTEHAN T RAE T
Yot Bl 2K BT A MBI B (proethmoid) I KT 43, A — K KL B F, LAl nbg 5, 155 #
TR, G R (E 3.1,2) . BERMEF. PRI E

B ERERALERARAR V11690 LIRF T —RINAEZRNE R, KEEH
JERR(E 2.2) 0 8E (vomer) BRI I, 51 G Wi AR, MHBA KBRIMAKE ., HEMH
Rl 4% B (parasphenoid ) B+ , S5 FREX 9% , B8 11 Y , o0k, M T R SR L — A 1 LA ] A AR 7R
ABFE . V11690 Bl & Z MR T KA IS B (palatine) , ¥ B B R H 155, 12 88 WK 70 78
A LBEUREIE R RPR(E 2.2) ; IERARAR P IMEE T A2 E A M-S, BR7F
TH PR EHE AR AT OERMARRN /N (B 4.1,2), S B (ectopterygoid ) 7F 1E
RIpRA LV 11690.11(5 V 11690.1 ZE[Rl— A L) P IRAF 57, 3RS i, H R (|
4.1,2) . W (entopterygoid) INER /M PRAT, BB, 7E V 11690. 11 HF 4B (hyomandibu-
lar) BT AR T K4 G B A (metapterygoid) , iX— B F B AK(E 6.1,2), EIEEFRE -
A LAE B B (quadrate) , HATS BRI E BT (K 4.1,2), EBBEART

A AEE AR R TR A HR LR (K 4.1,2) , R KIEH/D
F R JEEA RTORK/MABREW , &REPERZ EA=AVER  BETERER,
V11690.12 ERJLLE BIBRAT. G B KM R M R ARG LM EHE (B 5.2),
V 11690 $#7F T 22 HARB BIERIR, V 11690. 9 {742 T A M| FAE 8 G B (B 5.3), 5%
B, ERISRAURTE T 80 B A W7, AT SR B AT (B 4.2), 40
BEARE. ERARAK V11690,V 11690.9.V 11690. 12 WRTE T H4 THE%(E2.1,
2;4.1,2;5.2,3), V 11690.9 {R4F T W B J5 K50 .18 - %45 B (angulo-anticular) X & &K Y
J& KA (retroarticular) , i & N A BRI BRI, B - X8 KXW B G SR E A
B RGN, BT E S B EEN AT RERAEEES5.3). V11690.10 o] FH
BN EREHEENEFRAENR, V 11690 bR T K B4 110mm, 49 53% K8 5/7,
ARARER, AMEBOSZBERXWEEMEEARRN TN EE, B8 LRFER L,
HRISR, B FIRAEREE , CEHE G B EEERE R KRG ERGRARE THE - %
TERNERREXNE, 5EFENXTEWAIL(E4.2),
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B4 EOMfa,V11690.2( EEIFRA): 1,2, k&AM
Fig.4 E. longkouensis, holotype, 1,2, head in left view
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Aa, angulo-articular(P® - 55 F ) ; Br, branchiostegal rays (#82%‘& );? br. ar,? branchial arch(#85 );
Ch, ceratohyal (% & );D, dentary (%i&);Dpt, dermopterotic (EFEIZE & );Dt, teeth on dentary (1§
B15); Ecp, ectopterygoid (73 B ) ;Enp, entopterygoid (PIELHE ) ;7 Exoc, ? exoccipital (? SMELE); Fr,
frontal (& ); Hm, hyomandibular(%ﬁﬁ%l’);lop, interopercular (A #8 3% &) ; Mx, Maxilla ( L&E);
Op, opercular (88358 ); Pa, parietal (0B ); Pas, parasphenoid (BI%EE);Pl. palatine(JE-&);Plt, te-
eth on palatine (J& 814 ) ;Pmx, premaxilla (B _L&& ) ; Pop, preopercular (Fi#8 3 & ); Pre. Proethmoid
(B8 );Q, quadiate (78 ); Ret, retroarticular (JEFXTHE); Sel, supracleithrum ( EREHE); So, su-
praorbital ( FHEE ) ;soc, supraorbital sensory canal (FE_E/B%HE% ); Soc, supraoccipital (_E¥L & ); Sop,
subopercular (FHEEZEH ) ; Vot, vomerine teeth (I E14)

s ReOfgfa, 1.V 11690.5b, BUE  RIMEA ;2. V 11690. 12, SRERA MR, RismEH A
3.V 11690.9, SERA AR, BT dmEA4G , T8 350 B L B 4
Fig.5 E. longkouensis, 1. V 11690,5b, left frontal, anterior facing up; 2.
V 11690.12, part of jaw in left view, anterior facing left; 3. V 11690.9, part of jaw

in right view, anterior facing right. For abbreviations see Fig.4

BRERT V11690 {RIF T M 38 B RECENR KRS FR B A, REE KT,
BGARRE, T EASEMEMENRERR, FERFEAAME(E 2.1,2), EERRAE
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ALUE SRS 5SNAME AL, B D& R RE, PR S H IS, EBAT £ E
SN 130°(E 4.2) L3 Esox kronneri RIS S F N B M E. tiemani B9 EH (5
Grande, 1999, 2B & Wilson, 1984, & 7 th%), ﬁﬁﬁﬁﬁ@%%(pr&pﬂcu]af sensory canal)
HILERIZED, G TE P, EsEe A RE T &y, M EESNANTEE, B
RIEMhrA ERTEEIR, BS SR rl ak/E T 88 & i 2 , (B REE Bl E M RB0E
REBERERITER(E 4.1,2) EIERRA FBATEH Y 10 RA MBS E (B 4.1,
2) (BHUIH BECRE, V 11690. 1 A8 BTHS A4 M A 4 & 7T BE RS S 1 o

BS  HWHETE V 11690.11 EHE
SERE, WK, 5 AR A Y SR B
Ko [6RTIE o 0 5 88 35 B 15 4 1 2R %
o M TEMKETE, IS HET
GHENEEEN -2 (B 6.1,2),
TEPRAREFETZENATS, 2ME
BAR(V 11690.6, B 7.2) , AT E WA
IERURRA B V 11690.7 ERF T AR5
BRMAEE(E4.2),

B# BHE#T V 11690.1 17
T8 52 B B /5 BB (posttemporal, B 1
3.1,2), 5 HM M AEME S T F
V 11690FM & 2 J5 ) — B B
FHENIR A M - R & (supracleithrum,

&l 2.2), & R REEE st W —/h L,
BEEEE R EZ TTHE, s &
HRNEBE RN, V11690.3 REF T 4
MFEEMRLE (cleithrum) , 5 — M f £
EARL, B, Euide, moK-F A
Ko F—4RAs o RL & 77 B2 M7 B AL 5%
TR SE R B 2 Bk B ( coracoid ) T B 41
HIE IR E (scapula) , 0] WA BEMEFF 2
Matg 25 (B 7.1)0 KRR FH (post- -
cleithrum) o B6 O,V 11690.11,1,2, % G5 A6

HHE BT V11690 BIERFRE, BB ERENREEBSTE, BHRIHES
Hirah e, TER L YR B MR Fig.6 E. longhouensis, 1, 2, hyomandibular (Hm),

B ,?“Z’ﬂ‘]ﬁﬁ PR L{%ﬁﬂgﬁﬁ;& , F A upper part of preopercular (Pop) , metapterygoid (Mpt),
{%?‘é%%ﬁ{ﬁﬂﬁﬁﬂ??ﬁi&ﬁ*&ﬂ@ﬁ}ﬁﬂ%ﬁ ectopterygoid (Ecp), and a small portion of
SR, UL, AR SE AR T 1 A HE I ) quadiate (Q), anterior facing right
HHEARNIH DERRA AT ARG T AEFE (L4 59 BOIERIEL 4B AR R A
MarnEEANEHEHEN KBS E, WEHH, HEAHE, TBRBEENRE. &
V 11690 FRF T AR Z M6 , BRI R EE R BN 13 R, MR ERAF AL, A




Cor

B7 mOfta, 1. V1169%0.3,B# ;2. V11690.6, % &, —E R EKAHRYHE
Fig.7 E. longkouensis, 1. V11690.3 shoulder girdle; 2. V 11690.6, ceratohyal. Anterior facing right in
both figures. Cl, cleithrum(B6& ) ;Cor, coracoid(ZBEHE ) ;rs, fin rays(#E4%),Sca, scapula(/BIRHE)

M7 M s T8, AR 11 AR, RIB RS 0. BRI R, 4F
KGR 18R MHATEIER SR, L 23 . BEERGAT . BEBARTRE, REAPRS
%]O

3 B

3.1 EANSEMARFEMNE

ASCERR ™ TILAR e 03 Bk B 8 24— BRim TUE F R LML, BRRAF
RAE (BEE R Esox )N RZE TR . EREBEK, BHUERE. SENES
KIER e malftg ., MaEk, TEMkiida EREnKTT, A
B R VAT BB KERA L E AR RMRE T4, T ESE R gothE. SMRE
R, SERRERTE. WEEEFRE, DA, b IBRMA KR (Y 130°),
REB YNGR T KSR Ko X Se 30 2 ) £ B 5009 2 8 1 28 AR AE (L Wilson, 1984
Grande, 1999) MARFFEIIFHY TN A5 4B BBUHB 8918 00 L B U MMRFE BT B BB B R
F,°ObRA 5 P A i B & B AR AR S R =R

LR, @ MAER 5 ANFRR] 9 AL : Esox YEJ& J Kenoza YI.J& (Nelson,
1972; Sytchevskaya, 1976; Grande, 1999). Esox YVJ&-G4%E S/ 70 ZELAR B Rl i1 3t X B9 5
R (E. lucius) SR S E AR ILER K PG {A R LR 30 X 9 RS E (E . reichenti) LA
RN EREIN E. masquinongy. Kenoza WERNGHE T HEARERPIH MM E.
niger F1E . americanus , BN RR T X AR, HATS MR LA &R
FAbEX L BESHMZE P INE R RIEEE B Oldmanesox canadensis F13¢ B VR B3 JH 19
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Estesesox foxi (Wilson et al., 1992) , B80T BHTFY , (E DA RE (1 548 2 B RT3
B AR HCETR SR T A GG BT s A A P MR U T b 2 L g KRBT /R4A
B E. tiomani (Wilson, 1984) F13E [ ¥F R BT M 5 (37 tE MR 980 E. hromnerd
(Grande, 1999), 385 & A B B HT . X B MFFRFR AR H 28, FR A1 2 AT
AP ERE, FERE M4, EB/D, 2K 118mm, K 97um, B H#
Fritbae , A FF LR AERRI L H G {0 1 P 3 o B B AR B F AR 2
BAMARTEILFE LS IX R AT . I8 P AR dA Tt (S B e ) £ JB A KA L
KUK PR W EREHR, BARREAG 2R, B RN TEN A,

HRYE Wilson(1984) FIMLER , BT E. tiemani 2250 TS REENILOREE, B
RIFFAE , FE B R TR A MU B EEE , 5 50 MEMBA R AT SRR L, B2 —F
% (mosaic) A M R ZS, IR B — BT R 1 40 A 8 25 B T AR F0 b 11, DA BB
AE B L5 B (epihyal) F EELABHE , EFEAN F 6T H (Esocoidei) H 55 — N BA Y
Pt (Umbridae, Giinther, 1880) A4 &%} 22 (8], £ %0 M} o 137 J& 4 SR 46 B9 4R 4L, T B2 10
HHEEH (5O)EER AP EH SEHS R A TR K EHEEEET . B HRARRE RFE2HE
% WEEFEICIMHEETE LHWER. Fet, oSSR EEAETE, HIUR
BRFHEH S BRIATUER, X—B R EMBEIE E. kronneri FVELA A A E 5L, i F1
E. tiemani PHEMZ B K, B Grande(1999) BIHE A , ] T Fossil Butte Member
BRI E. kronneri 5 — MR BRIFMAE, B TRETE, WELHELM
TERIRIEER LT 52 . (HX BB FF IR T 2 WA fH A IR E ST, 440
THEHERE (47) BRER AP RN DN, (HEEEERE LM, 10 Kenoza WETE.
americanus (W NEF(E. a. americanus R E. a. vermiculatus ) A SRR A HESH Eb
BRI 4 ~ 51 42— 49), HMWERE WM R AKSERKZHLSE
LWAH FREAE S (A Grande, 1999, 274; K 1,2),

o OrA LK K2 0.33, 5 E. kronneri #:35(0.34), 5T EBPHAAEFE
HIBI TR CE . lucius FE . reicherti) FIRE 26N i E 0L (43519 0.30 ~ 0.35 % 0.26 ~
0.35) AL, WM E. tiemani FHILLIE(0.29)F 5. BEMBEKELHHRHLKE 0.72,
B E. kronneri M58 (3% Grande, 1999, J5 & F X — ¥ 4 0.75) , (BB B EIE B AR,
IR/ — 2 B AR B 4 () R A K E ) 0.29,°8 E. kronneri BH T &
(0.19)8 1.5 1%, BIZE £ LR KR Z I, BE & Kl B EE RS 7 i E AR R AR FFIF 5L
A REEAEMHT . BORATBREKZHN 1.53,% E. knonneri iR —tL{E
(1.88, Grande, 1999)E /N, WHEL K V+18=23 1,5 Esox WERFPRI=AFEIE, M
HA B RALF Fpb % (I Grande, 1999, 3 25 E. kronneri 128 V + 14) BHEEY 59,
5 E. tiemani ¥EiE, -5 HAWM P RIE (5 Grande, 1999, 274; % 1,2 h#) . #B&BHHE
AT 10, RAGEPH—BEL. BUORAMNIRESERE, L TE%kMA
(130°)/+F E. kronneri(£ 140°, 3% Grande, 1999, & 2B)Hl E . tiemani (#s/NT 130°, & Wil-
son, 1984, B 2) Z 8] ; Azt , X AP 4 B I B 9 I B E SRR, T HL, BLTE RATTHE 3 LT BY
EARAT RIS T E TN RAERMRE L2 140°, Ti7ESE = MR AR H A 150%
B, X — R AT R AR . EARYE _EEIE , R R0 f A 5 — SR 7E
T O R R AR, BRE R, R D AR, ERRE e — SR
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B, R AR . Bk K SEKZ L BE R TUE TR LK 3 88 540 H 2
BT, R FMESL, BRATE B O MARAE N — R, R XA A R,
DEFEZHRRARIEEHRRE. ETENAASH - EREEEEL, RITHETH I
T BRI IEATITIE . ERISUA, AR TEFHHEZFHEAREAEENE XL
RBRBEREN,
3.2 ZAM&KESHE

T8 CVf £ 7= A3 A F AL S 3707, SR IR A S E 7R ST YN 434 O B IX (43°F1 46° LA
)R, HALEMEBEMNBRH I E. konner BIFEHLIRIGREE , RASH TR L
LG H i Coalmont ZH 7= 4] £ K € f (Wilson, 1981) MM SIS E BT . BT Kenoza W
BB ANAEF S HEIE R BT, Grande(1999) A K E. kronneri W= H /MBS 7] BE R HH
HASHEL FEREREERH, S5HAE Kenoa W JE AA S G HAHLL, I8 BLAE N
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FIRST DISCOVERY OF FOSSIL PIKE ( ESOX,
PISCES, TELEOSTEI) FROM CHINA

CHANG Mee-mann ZHOU Jia-Jian
(Institute of Vertebrate Paleontology and Paleoanthropology, Chinese Academy of Sciences Beijing 100044 )

Key words Longkou, Shandong, Eocene, pike, first discovery in China
Summary

Pikes (Esocidae) are freshwater fishes now dwelling in northern hemisphere, most of them in
cold waters south to the polar circle. The family contains only one genus ( Esox) with five Recent
species. Among them two appear in China, one ( Esox reicherti) in the northeastern part of China,
in the Amur, Sungaria and Wusuli rivers’ valley; the other ( E. lucius) in the Ertys River in Xin-
jiang, northwestern China (Meng et al., 1995). The finds of the Late Cretaceous, Paleocene and
Eocene pikes were so far restricted to North America although their distribution became much wider
starting from the Oligocene ( Cavender et al. 1970; Sychevskaya, 1974, 1976; Gaudant, 1978,
1987; Wilson, 1980, 1981, 1984; Wilson et al., 1992; Grande, 1999). Thus, the fossil pike
described in this paper is the first discovery of its kind from the early Focene (or late Paleocene)
outside of North America.

The specimens of pikes described in this paper were collected from the Member 2 of the Huang-
xian Formation in Wali Coal Mine, Huangxian County, Longkou, Shandong Province (Fig.1). No
remains of vertebrates other than fish were found from the Huangxian Formation. Its correlation with
the Wutu Formation in the nearby Wutu Basin was based on pollen ( Paraalnipollenites- Betulaepolle-
nites plicoides- Polypodiaceaesporites assemblage) and ostracods (e. g. Eucypris wutuensis) found in
both formations. The age of the Wutu Formation has been considered as early Eocene by the findings
of Homogalax wutuensis and Heptodon niushanensis (Chow and Li, 1965). A big variety of fossil
mammals belonging to several big groups were discovered recently from the Wutu Formation. Based
on the study of the phylogeny of these groups combined with paleobiogeographic, paleoclimatic and
biostratigraphic studies of North America and Fast Asia some researchers suggest the possibility of
the age of the Wutu Formation as late Paleocene (Beard and Wang, 1995; Tong and Dawson,
1995; Beard, 1998; Beard and Dawson, 1999) . Associated with the pike were disarticulated bones
of amiids which are under description by the present authors.

Teleostei
Order Esociformes
Suborder Esocoidei Berg, 1936
Family Esocidae Cuvier, 1817
Genus Esox Linnaeus, 1758

Esox longkouensis sp. nov.
(Figs.2—17)

Diagnosis A species of Esox with the following combination of characters: head length to
standard length ratio 0.33, width-to-length ratio of frontal 0.29, width-to-length ratio of parietal
1.53, shape of opercular close to E. kronneri and the Recent species than to E. tiemani , number
of dorsal fin rays V + 18 = 23, preopercular comparatively straight, angle between its upper and low-
er branches 130°, thus with mosaic distribution of characters occurred in some other fossil and Re-
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cent species.

Holotype A skull in left view with most of its bones preserved, V 11690.2.

Paratype A severely twisted fish body without caudal fin, V 11690, and a skull roof, V
11690.1.

Other materials Detached bones of the head and shoulder girdle, V 11690. 3-7,9-12.

Locality and age Wali coal mine, Huangxian county, Longkou, Shandong Province, China;
Member 2 of Huangxian Formation, early Eocene (or late Paleocene) .

Etymology Longkou-, the name of the city nearest to the fish locality.

Description, comparison and discussion As far as we can make out from the specimen V
11690 the fish is a comparatively large one with the standard length about 471mm. It has an elon-
gated body. The dorsal fin is posteriorly situated (Fig.2,1). The frontal is long (Fig. 5.1), with
a width-to-length ratio as 0.29. The parietal is short (Fig. 3.1,2). Antero-lateral to the frontals
there is a long, paired proethmoid (Fig. 3.1, 2), characteristic for pikes. The mouth gape is
large, with the length of the mandible approximately 5/7 of the head length (Fig. 2.1,2). The
dentary, premaxilla, bones of the palate are all covered with compressed, pointed teeth (Fig. 2.2;
4.1,2) but the maxilla has a smooth mouth margin with no teeth (Fig. 5.2,3). The ectopterygoid
is robust, bent in the middle (Fig. 4.1,2). The opercular is more or less rectangular (Fig. 2.2)
while the preopercular is comparatively straight, somewhat constricted in the middle, with the angle
between upper and lower branches around 130° (Fig. 4.1,2). The large cleithrum is with a short
vertical and long horizontal branches (Fig. 7.1). Based on all the above-mentioned characters of
the newly found fish from Longkou it is doubtless that it can be referred to the genus Esox. The
skull roof, the conditions of the palate and cheek, and the few well-preserved detached bones of the
Longkou specimens are not much different from their equivalents in the Recent species E . reicherti .

The length of head to standard length ratio in V 11690 is approximately 0.33, close to that in
E. kronneri (0.34) and is within the range of the variation of the two species of the subgenus Esox
occurring in Asia, i. e. E. lucius and E. reicherti (0.30 — 0.35 and 0.26 — 0.35 respective-
ly). The ratio is higher than that in the Canadian Paleocene species E. tiemani (0.29). The fron-
tal length to head length ratio in the same specimen is 0.72, somewhat smaller than that in E. kro-
nneri (0.75, Grande, 1999). Since the measurement might not be precise it is hard to say what
can such tiny difference imply. The width to length ratio of the bone (0.29), nevertheless, is 1.5
times of that of E. kronneri (0.19). This can be counted as a more robust character. The width to
length ratio of the parietal in the Longkou form is 1.53, smaller than that in E. kronneri (1.88,
Grande, 1999). The number of its dorsal fin rays is V + 18 =23, closer to the three Recent species
of the subgenus Esox, but higher than that in other Recent and fossil species (see Table 2 in
Grande, 1999, V+ 14 in E. kronneri) . lts vertehrae number is approximately 59, similar to that
in E. tiemani but different from other species (see Tables 1 and 2 from Grande, 1999) . Based on
what we can gather from the specimens at our disposal we can see, as Wilson stated about E . tie-
mant , characters occur in some species of Esox also have a mosaic distribution in the Longkou form.
Among the above characters although some are not very accurate, the ratio of the head length to
standard length, the shape and proportions of the frontal and parietal, and the number of the dorsal
fin rays are more reliable. Judging from all this we decide to designate the Longkou form as a new
species of Esox: E. longkouensis though the characters keeping up it as a new species are, in fact,
comparatively weak. We expect more new finds to provide more support. As for to which subgenus
should Esox longhkouensis belong we do not yet have adequate grounds to form an opinion. Neverthe-
less, the discovery of Esox in the Eocene of East Asia is of great consequence.

The locality of Esox longkouensis is at 37°7' northem latitude, obviously south to the distribu-
tion area of their Recent allies. It is also a bit more south than the locality of the early Eocene E.
kronneri from Wyoming and close in latitude to the locality of Esox sp. from the early Eocene
Coalmont Formation of Colorado reported by Wilson (1981). Since the two Recent species of the
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subgenus Kenoza are distributed in the southeastern part of North America Grande (1999) took the
southem occurrence of E. kronneri as the indication of its environment as subtropical or even tropi-
cal and viewed it as a piece of evidence to refer the species to the subgenus Kenoza . As far as we
know, during the Eocene the global climate was on the whole warmer than now and the temperature
gradient in latitude was low (Janis, 1993; Chang et al., 2001). It is conceivable that the Eocene
esocids must have adapted to warmer climate than now. Nelson (1972) proposed that Kenoza is
more primitive than Esox . Yet the specimens of E. longkouensis are not well preserved and it bears
more characters of the subgenus Esox than Kenoza . For that reason, we do not think we can suggest
its closer relatiohship with Kenoza just based on its adaptation to warmer climate.

In our former studies we frequently mentioned about the similarities between the Eocene fish
fauna from China and that from North America (Chang and Zhou, 1978, 1993; Zhang et al. 1985;
Chang and Chen, 2000). Although starting from the Miocene Esox has already gained a circum-
Arctic distribution the Late Mesozoic esocids are just restricted to North America. With the discovery
of E. longkouensis the early Focene (or late Paleocene) esocid distribution now expanded from
North America to East Asia. So far there are no traces of early esocids discovered in Europe and
Middle East. In the early Tertiary deposits of those areas only close relatives of esocids were found.
They are members of the Recent family Umbriidae and the fossil family Palecesocidae of the Eso-
coidea (Berg, 1936; Sychevskaya, 1976). Therefore, the discovery of Esox in China added one
more genus shared by the two sides of the Pacific during the early Tertiary. It renders further support
to the close relationship between the Eocene Asian and North American fish faunas. This distribu-
tional pattemn and the geological events causing the formation of the pattern are among the key prob-
lems in the current research of the history (origin) of the Pacific Basin and the Cenozoic geology of
the circum-Pacific area and thus are appealing to many researchers.
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