bW RFEER

JOURNAL OF SHANGHAI OCEAN UNIVERSITY

F20HBF2H
201143 H

Vol.20, No.2
Mar.,2011

NXERS: 1674 —-5566(2011)02 -0217 -07

NGFREEEEMHRBRET

R, B A, #HRA, REBAE, K F
(1. BHPRERSE K L ArEne, EIG 201306, 2. WRTHPEAEEE 1GPERIS20E ML A1l 316004)

A E:FHAEE - KENRABEAR, MR T T8 (Coilia
nasus) (FPHEA (AKEER 7.0 ~33.9 mm) B R HE#
MBS E BRI BRPREIFRE R, B8 EE .
BEEE BKS RES BT B S HEXEE RLEE,
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2.1 MEEZER

RLEESEAES. O mm NLAMAH B, BAK A
R FARHAS R ERKE, PHEA 1 /ML
(E1A) , ZARGKEABTE S, 16.3 mm
SLAMAHZE BB B FUEE R, B R K, 5h
RN =/, A LZTHFE 3 L& 1C),
26.4 mm SL MARLE THETY K5REBEKF
BEHA; R %HE LT RRIER, FH M T
WAL (B 1F), 33.9 mm SL MR B E
E2iEL, 2Ry IR BT R Sk
o BIRETIR 1 KA, KILEFESTHSIE —
PI/NL BBEE ERALEK, BT REIERE
ZHIREB(E 1G) .

SCEEHCETE 7.7 mm NLMAH B, PR RA
1L (B 1B) . WFLFE)G FUEEE B8, B S8
BB ETWET. X2 XEEE 1 A
fLOE 1D) , & F TR EF 008 3 W (H
IF), EREFHZIE,X 3 FHZEEH SUE B
BE, v BN BREW (B 1E), 20.1 mm SL
AMRAER | RSO RE (B 1D) . I8P )E
R, R AN EREARE, RIRE. 5

BB S B B E .
2.2 MEEENRHEE

16.3 mm SL AMATE RIS 88 S 88 7 , B IR I 3K
HRuA 3 WHERE (B 24) . XERENP
H RIS PR oA Ak, B HE A B B R R Bk,
T EEE A RS (B 3C) .
2.3 ERYHT

11.5 mm NL AMAHRFK R ML 2 Bk
HFRETH(E3A),% 12.4 mm NL Mk 6 B &
TEEWET B2 HI(E 3B), 12.9 mm SL
MEERKH LD, 16.3 mm SL AMETE K 2 #
BL&(E3C), 20.1 mm SLMEE=ME L&
BH,METESE—-RBTEERERKA (B
3D), )55+ (B 3E) , 33.9 mm SL Mk 1.2
ELBBARELEE1+2;BETEAKY X, 5
ELBXFAHE—RR, EEFETLSEHE
W, B R R R BE BRI BB ) B E 2 5 3 B
ME—#a. METEMETEHATHMBGE
FEEL, EEABRENETEMNELRET
BEE 6 BT RKYGER (K 3C), B TMEEM
BT BN PEmmsaiE g4k, (A EEHam e
ik BEERTE B4k, B BB IR RA (B 3C-
F),

Bl IHRHEELEE
Fig.1 Development of pectoral girdle in Coilia nasus
A. 5.0 mm NL;B. 7.7 mm NL; C. 16.3 mm SL;D. 20.1 mm SL;E. 23.4 mm SL;F. 26.4 mm SL;G. 33.9 mm SL; Act. St #&&;CL
RLE 5 Co. ZZE ;Co-Sca. JRMEKIKE ; Fp. BB E ;Pot. J5HE ; Sca. R IFHE ;Suc. LRUE. LR : 0.1 mm(A, B) 0.5 mm(C) 1.0
mm(D,E,F,G). ITREBRREKEHR, ZSAXKBRAEEHT.
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B2 NHEEREE
Fig. 2 Development of pelvic girdle in Coilia nasus

A. 16.3 mm SL;B. 26.5 mm SL;C. 33.9 mm SL;Bp. 32 #&& ;Dr. HEB; LR : 0.5 mm(A,B) 1.0 mm(C); F EEKBERKBTE

H; ZARBFRETEHS .

B3 THEREXERRE
Fig.3 Development of caudal fin supports in Coilia nasus
A. 11.5 mm NL;B. 12.4 mm NL;C. 16.3 mm SL;D. 20.1 mm SL;E. 23.4 mm SL;F. 33.9 mm SL;Ep. B I8 ;Hs. Jk¥i; Hy. BT
& s Ne. BB Ph. MR T &5 AR 0. 1 mm; 3T R KBFOR KB HR = A KBFREE T

24 DHEXEER EHENXER

7.0 mm NLAMEREHRF RO T MEHEZ
BEEE (B 4A)  HEERKFRE/SE HBL(H 4B),
13.7 mm NLMREE 88 6 40H MHE A 2
T, F— B R XERERERITF R X, &5
—HOE R R R R R, TR EE
MR JE BE B, B — 288 B D\ v 3 1o v i B8
., A BB R TE 33. 9 mm SL MR R &
HEEHI L B8 B 7E 16.3 mm SLAMAHBE2 #,18. 4
mm SLAMAIEINE] 5 Be(1E 4E) , 73 HIXT RIS 1 ~
5 HEfR

EERREART, BRE TN ER
HiRs (& 4D-F) , 5 —HHEE SR HRAB
25 6 MEARE M, 55 SRS B AR
2.5 BEXER

7.0 mm NL MAE S SR 14 BUB 6832 b8
BE (F4A), 8.2 mm NLAMEE 6 ~ 14 Wt
BE AR AR B (18 4B) , 3R LA 8 i
RIS P 24 (B 4E) o 22.6 mm SLAMAR
TR 94 MU 88 SCHE R, 90 MUBREE K& . BB
BB R R RE R, B — S EE B A I 1k Y
R 4F) o HEf G BB B S8 AR
BHsEL, BHA HEE TR

2.6 &HH

WERITREN, BFHERE N 77 ~80, K
SRAE 1S Ao 28 16 MEMRIKS B3k, R ARAEFIE
ME(E 4E), 12.4 mm SL PMESE 1 £ 45 K
BAEEFR, 18.4 mm SLAMAFTA ML AL, 726
HEL/3 A TRERE, KK PSRN, 22.6
mm SL MAMEMREE B K582, B G 4, IF H B
HEARRTJE R RS EEBRT PR, MG
STERKSXTRLAE B, P E LRIy b
IRl E PR A o 12. 4 mm SL AR ER i e 4
FRBES , IR o B mir s e J5 2 A (1] 4C, D),
BARE-AER R, 5SS (BFEHEES
5 W BE B AL BEAR LUK 38 g v O 6] WIS P S
17, 8885 K5 S BERRA BROBRA A ZE RN
RHEE Ao 78 22. 6 mm SL A SE —HEAR BT
77, RS Z W R — B E s (E
4F) ,
2.7 FERh

16.3 mm SL MARBEHF & b 7 T B SO B
REE,18. 4 mm SLAKH I, 3 ~ 13 HEARRE X
17 10 BeEk& AR (1 4E) ,22.6 mm SL AMAR.
20 A T JE B AL (B 4F) o
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B4 7NHEE BETES BEXES BHEE
Fig.4 Development of vertebral column, dorsal and anal fin supports, pleural ribs in Coilia nasus
A. 7.0 mm NL;B. 8.2 mm NL;C. 9.7 mm NL;D. 12.4 mm NL;E. 18.4 mm SL;F. 22.6 mm SL. Dr. 38##8 ;Ha. jk5 ;Hpr. M0
L5 Hs. KR Npo. #1425 87558 ; Npr. BRI 5 ; Ne. BEWH; Pd. T BRI #E B Pr. AN ; Sy. M TR K MBS KB AL,
FHXBFRREEED .

3 g

3.1 BREMRMBRETERNY

NG EFEN T EBI (4.7 £0.77 mm) BIFF
O, MR R, & TR Bk E I8
7E W # 2 52 2 W UCORT B I 46 WA R &, BEA
WONRR S EFRN Y, BE T HFKSERE
B ABURIRE I8 E, SMNREFFE b3, o
AU 5, B FUR B B, TR AL T M BE
XHERE M ETE KT R BB SER
B aMETE, AR LEITEE RE S, 55 M
RRS0IT 90 H B, BB SL T WP R IR AR D,
A A R R RS T RE

TR RE LT A ME DB RN T

£, BNEHRNETUERELAR, BRI EE
BRETH I, KR F MBS L5t
BEATI AT, R H LU BB AR R T SR E N HEA
e (21. 08 £3.28 mm) KytRE . AB5E+, B
SR R MA (2. 6 mm) ZHR - H#E
WO, AR AR R, R REHE, Sb
ESmaED. FHit, NMEREAT AR ES
T LU R A HE ARE A IR S T
IEHHFazsEanRTIBRTEEL
REJEHE B LE VBN EEAEREE.
Ho M KD MBES 2 H . MHBIRTH
Ton R Sk A B B 523 O RS i UK SR B e 3
JLPRT RELHE, =8 T HEHR, AR
HAdREAEREM.
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3.2 NISMFHREBRER TR

GOODRICH'"' By R} £ Js 42 th 645 /R &
BREEEBR S, HAER R E & RE S, X—
FAEFET AL B2, RH a8 MaER
BRFWHEBARAEFX R, fBaLTE
REB"® SR 2R H IR EA R 28 1 B S R
B, RBE IS TREAN R R B HE,
JERER , A T HJB TR 2 28

BHRWETHEFBERERS, HEX A
FREREDLEMWEERMLE. RKK A
(Oncorhynchus keta) 55 1.2 BT B ZHEK & 5 mifk
#E8 ( Rhodeus ocellatus ocellatus) B T B 55 1
T B EEFER S s BE /MR DU (Atherion elymus )
FRINETEAE 1.2 BT HEIMBKSI,HE 1.2
BT &KuwmbREKAS; & &4 KA
(Mugilogobius abei) % 1.2 BT BE2BE ,HA
SMETEHA™ . FRT Lk, RSN
HE HaZkT, EWNRENMET 5% —EBT&
R REE KRR, ISNET BE A
BRI,

g0/ 2 kN A ( Anchoviella
choerostoma) ™) TIBF B L BEX G RTHE
ERBREHRR. RFEMAI#HELE A
KERFARPE 1.2 ELERERARBEE 1 +
2, EMLEEAL I0 2 # B b &ro T BRI AR
DY TH3BELEREREKE" . BE%SAE
Fepr | G /N ( Pagellus erythrinus ) ™ | 4 f8, /)N i
88 ( Microspathodon chrysurus) (2] VPO
( Lugjanus campechanus )'2', B #§ ( Pagrus
major) '3 BB LB BRI RBA. Ht, BR
BEAXETREERETHS,BE LEUFREA
B4k,

HEEBEL—BNE—ETEHIIGEES
W, IHHMBTENE L ETEEGLRE
BIEHEE, BHERTHMET &,

BlRL RN XM ER R T X RE IR
P, ERUY T EHRELLE 20 MKy dr.0 m i
ERREE" . RERETHTLSERMY
TR, RIS, BEEE — 85 R B
—HeRRE R T . AB BRI SR K
FPOEK P, REFEBEMEE. KFPH
g EARBMY T A" B HEES MKE 5
A 55 7 T A 52, S5 AR R R i IX 3R ) BT 2

B HENERR T HERT; KV ¥EXE
( Opisthonema oglinum) KIBE S FIK S K A E &R 4]
MEBT™, BE %M KM (Morone
saxatilis) EWIRGI(M. americana) ™ TR FGLE
W' EE R EA " S N RATRIE R
B, RS RLMEG A KT R .0, TI8HEES
MK WET RS LR B X8R ARE,
FHREREAR, XTREHTIFHKREK,
BES FIkS B e NP A KR E T X 5
.

ERDV T B S5RES 5 5HMZ A
R MR R, Bk B8 S (isolated
neural arch) 1 fi§ 5 J5 Fft /& B ( postcranial accessory
bone) . 78 A 7 B 88 SR B B5, WM
857 Tl B e, RE RS ARKP I E B St
IR AFET I REFLAE,

NS g B L& BT E MEE
BHIESIE RSB X EENRI AR, BHS
AR ARA B AR E , 55 —BE S 5 I M A 7E
B R Bl R T TS EAREF B 40 8 3L, T
S MEKS AT XAE A Rm%. Bit, I8t
WA W RE R AL AR ) — N
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Development of the vertebral column and the appendicular skeleton in the
larvae and juveniles of Coilia nasus

CHEN Yuan-ge', XIA Dong', ZHONG Jun-sheng', ZHAO Sheng-long”, ZHANG Yu'
(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China; 2. Marine Science College,
Zhejiang Ocean University, Zhoushan 316004, China)

Abstract ; The development of the vertebral column and the appendicular skeleton of C. nasus was described.
A series of wild specimens 7. 0 — 33. 9mm were cleared and stained for both cartilage and bone. All the
skeletons developed in following sequence: pectoral girdle, dorsal and anal fin supports, haemal arches,
neural arches and hypurals, vertebra, pelvic fin supports, epurals, predorsal bones, pleural ribs. According
to the observation, the posicleithra was absent in C. nasus. Coracoid-scapula cartilages were joined at ventral
part. Parhypural connected to hypural 1 by temporary cartilage connection in specimen 20. lmm SL. The
anterior epurals 1 and 2 fused together, resulting in a rod-like epural 1 +2. An isolated neural arch was
observed between neurocranium and first neural arch. The vertebral column developed both anteriad and
posteriad center on the area ahead the middle section. All these characteristics were typical within engraulidid
fish, except for the sequence of neural and haemal arches occurrence. The haemal arches started to develop
both anteriad and posteriad from the middle part of notochord, and the neural arches also started to develop
from the middle section and later also posteriad from just behind the head in specimen 12. 4mm SL. This
showed more similarity with higher fishes than fishes in Clupeiformes, thus C. nasus may be a transitional
specie in evolution.

Key words:; Coilia nasus; vertebral column; appendicular skeleton; osteological development



