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1.1 SKIgsr#

H A 2 il A7 HE £ 255 10 8 75 [ BEAY REAS R
H TR T e oK™ A RA A,
N L BR AR F7 04 07 12 30645 o e 3 3 W AR )
ESRILERAN Y I CWILL N 3 o TN
IR AE S 2R A, dz 1T TE W g ik 3 0F A7 8 I T
SHE B R R B R A3 (LRH-A3) 1y J5 ik k47
NITAE . Zad i ik e KR (20 £1)TC
A5 AF T L A 77 B T B AR O, RS 2 A O,
ZHRE IR RGN B B E 1 m® WAL AT b ik
11 AL RS B 5 F KR 19 ~22 T, 4h i
W FS MR 13 - 15 ]/ Jrik, fEfil i E
T T EERH Y R RE S B8 L — b HUTE T 4 1K —
B H8 HOF B T 48 0 /) BR P S0 Ak 5 5
Wz G A R4 R, 7E i 5 F o B b o) i
15, WK SE TR SR, TEB M E M
], 5 R X A7 HE 230 47 B BLIBCRE , OF 317 E 25
W% 0 L Bl K4 I [ f i A 4% R 2 R
T [45] . X A i 0 AT T R DR AF o
1.2 #RAFME

BB 7 W BR A 1 A R G €0, 05 VR AR B B B —
R AU (0 1) T3 15 00 R il 1) B R SR AT Y ik
BT AL BRI O . W e 4
it 4% Z2 5 W [ U1 SE B AF HE Ll B RE
TEKBEATIR U8 s QR Y 8 AR U A [m] ik 32
M AE (50% 70% 85% \95% . TC/K ) 4T # i
JBIK o SR K 58 OB K AT HE £ RE 5 5 B8 3 K
HYe K (10 mg Alcian blue 8 NG + 80 mL 95%
TGRS +20 mL pKESHR ) I 12 ~24 h, HE 2
AR T AL O EER. HadiK
B YO RE A e € W B AR N Y
TR AW R0 12 hy DI ALEW] . &b &
VEFI IS RO FE b e 2 11 6 5 8 (35 maL A 1Al 82
PR +65 mL Z% 48K +1 mg JPeak B ) BE1T I 1k
FHZIAL L, Y U W R I, B I B e R G
W, PRAIE AR ) L 35 B I R O B e o
W 220 T Al Ak F R R A e A% AR e (R (100
mL 1% KOH & +1 mg p§ZE 41 ) 121 10 ~24 h;
@t {2 o FH IR T V5 YR 1% KOH. I X A ity 2k
T AR B (5 4 B, 75 19 it 15 W A 1% KOH I i R
FUUICE , B R OC 6 I HAR AW W QRAT

e AL & 5 19 AR AR B 2 KOH-H il 1 Wi
(31,11, 1:3) (HEATH b, YA T R
i ISR I B A B R — W . IR SE U BR AR H
AR R A
1.3 AN

{#i FHC 45 44 NIKON DS-Ril CCD i &R 4
) NIKON SMZ800 {4 i . i 5% X H 7% % il A ]
R B R G R B L SRR AT WA A A
HRIE AR K& B Bl s B S RHIE . A HE
1052 7 W B ) 40 AR MEAR 36 10 o 4l 45 B B 5
S5R RN R FRAE AT MEfARI b, H
AR Gt B REAS I 45 DL 4 (TL) 267 5 B bR RO3&
7~ 500 wm,

2 4

2.1 BEHMEE

H A 52 il ME B o 28 ~29 15, RLHIAT i 4
FKELMR, RN (KL -1,2);20 B
(TL8.5 mm ) H A i B 43 19 1 0 & 36 (i 1 -
6),23 H#E(TL8. 7 mm) It A HEMIE B (AR T -
7) WA & B R HELT B RS AL R B R I, O BB
B G RHER S (AR T -8) o HHMEFT KT
BES 0B, B8 S B R BLAE 10 H i (TL6. 1
mm ) £ 15 0 HT I, B HE S X s A
B, I T RS AR e i (B T-2) 511
Hi#$(TL6. 1 mm) k5 k& (B 1-3) ;4
SHETI G & E Bk MR I 5 1) w5 P S K
H,3 18 Hi¥ (TL6.5 mm) g it 3k ¥ i 6 5 i B
MG E (B L-5) ;20 H @, 86 5 il fe s
RAE-F Ak , [R]85 bk 5 A IF BAERE Rk
5 AR AT R B BT I RN KO (LR T -6) 5 7E
RELES HES g R R T kS, IR,
B—BE S K R KBRS J2 p v 3 1) 3 3R A
AR A o MER RS S BERE L Bk 5 L kOB ARG A
A BT R B AT S TR -
2.2 Py

o g B B R B R, 3 HER(TL4. 4
mm) & F JF 47 A I B, AT DL R B R S 6 R
HEoEPREFERAR(EMI-1), 4 H#
(TLA.5 mm) {10k 4 B8 5% 10 B, 6 5 %0 H AR 7
25 (B T-2), 8 H A7t 55 % W K F 5
HOE HEM A W (AR -3) o FBFAE 1L H Ao
D TE WA B R B0 S B R R R 4 BB
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(BRI -4) 520 F 5 Mo 5 8 5% 4 908 1k O 3
A (R TT-5) 523 H i LU i B8 {0AF 76 55 1k
FERE M 22 5% 76 35 H ik, Mo g 5 T )y S g 5 3
fib JUHC M 5 S 5 B v B R BRI S AR 2 S
Z(EmRIT-6),
2.3 pEtE

i 88 R0 B ) B e, A 18 H i Sk 0 1 )
I A R (AR I-1) o 20 H 8B il — Xt A
AR B T W S B RN BB T I B B A%
(BIMI-2) . 23 HISMEH kS K H , 68 55 3L 30
AL S (B IT-3) o M Ak 22 % B I 5 Wi 85
b, fEHE fa 109 58 B A 1 Ak, 32 H g, I B &
B A = AR R, B ARG
k(BRI 4,5,6)
2.4 BHEETIEBEE

20 H A~ 1A 1 28 v B AR TR 1 S g
B RN R G5 i 2%, [ B A S 6
(BEIRRT-6) . 23 H b HCE TS 68 B 1 68 7% 6
8 2% T AR TR 5 55— T S BE T TG 4 L, A
RO A%, LA T 1 0 5 45 W TN — AN S B R 5 I S
f ORI S B 0 A R UM — R R (R T 7))
FEIL G R T L R b B O 1 B A AL
(FERRT-8,9),
2.5 EeE

Bfr ) RE—HLR(ERV-1) B
gL 8 H 44T f 2R A it N 1 o 2 T B I
ARSI H AT (FMIV-2) ., 10 H B
HFHEARETEEK A AN, BRHEI LM
B (ERIV-3) . 15 H#E (TL6. 4 mm) 2 5 %
VI HAETE A 2R u B [ i R T i R A H
W2 UKD R B4 R WK, TN R 46 66 4% 4y Ay
EFHES (FBRIN-4), 18 HiE TR T & &
AL IR EUR b R JE TUACRE R R ORR 17 )5 4
fl(EIIV-5), 20 HiIg R T 808 L TR
O JLBRBCE @A T B v R R R S B O
HREE X MBIt 2y THE (BRIV-
6);23 Hik BB, B L8 H 8= =8, I
H5 R T &4 LA v S 6 86 R A
A3 B, T) B0 50 L 8 e 10 0 R R o S A A
TR PR B I — B 4y, FE B 6 A A5 Ak B . (TR R IV -
7) ;26 Hi%(TL9.5 mm) D)5 B 6§ (A7 7 AT
8 B8 AR 5 2% A Ak R B A AN TR, B i LA BORRE
BIEA M2 (EIRRIV-8,9) o

3 ihg

3.1 HEARMBHRRAZLENERLEENX
R JIR N B IR G, BE A mRN
i A GEI R 1 PP A [ T IR AR IS BE 1 I 4
JI s BRIV AT R ) A A B A TR 5 i
AR TR Y, P AT S EE A A A o
UBBMED 73 o BCR — ol B U (0 14 05 5 T LAk
T 7K 0 A B B R FRE R A R AT
B ARBRITE I H A S AT R 0 R G5
PEATHCE — BE A XU 8, 0 ) A P A A
TR R IR A 1) 8 A A HE AT UL R R 5T
AL M A 2R R A O A A
MAEA o B BE TR BB, 7R 3 H R B AR A A
i S BB IR TE B, 4 IR A £ A 6 B 2% Y
B, T I Ay 5 6 2 DUBE R A A . 2 g
i 0 28 R ) B R AR, DA 0 £ 2K R S
B A O, W B S R e RIS A
REA RO AR LS Ty o HAS il 2 8 1) % BT 46
T8 Hlt, gy 7 i B 1 BEE B 3R R i 1 25
i i S g B B AE 20 HR A VAl
SRR R AR i A bR AR (H b
AT BT FEIN R TG % £ DL 668 (9 T8 B A D A £ A RE £
(R bR o B A 20 H O B R Y
FE LB FRE 8 UE T 1 P R 3l o A o B ] fdE A T
HAS R, O R AT — 2ok N A 5 il i i &
GEIL R R SR A BEESE T AR R b R
14t BEAE D 1 A\ HE £ 8] A AR S B Al REE , A 1 8
(] A 52 fih 52 Ji 1 68 2% i 80, BE S K S A B
I ] 5 2 68 10 e B AR A TR P o HOAS T il L 6 D
A, HOPEAF JRURETE 18 H % i B, JF HaR s & &, 20
H it © T8 A o 52 B 1) LAty A1 I B, Bt JEE i A
26 T e 7 9 58 B R A o rh T AR T i A A
TR AR A — U PR BE L K R B i Dk
¥ D IR ICAT , R f 1)t B A A I ) 5 O ST
(AL A — Bl 5 668 [) s H B EL PR e 7 119
A BRI VR RN A R AR P A A
FIAE TR AL G A A R s R 31 A 1
Hok B AR IE T e 1 s &
AR A HO R A B, 5 — R e A A R B ) PR
T B 28 R A A i A BRSBTS AL B B S8 1)
Pl bl A AR 09 % i, 5K 22 8F ( Scophthalmus
maximus ) [¥) 58 T = W 0] 15 4 10 e B A — 5 19 4
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A YR IR 25 45 4 5 O LA AE A7 1 — o R B
FAFAAESIEMIE G, HARM BT 2
— AR, PSS 5 HANRIE S i A2
PRI BT RE S N VDA OC . FER B b fE b, &
I BB F R E O R B A R
5 H R A BTSSRI AR S S PRI OG . ks
R E B BAL T IR E FRE0R G E 5, B AE
FIn, SN R AR e AR Y TR SRR R IR 1
W], H A 92 iz 2 B B A R, H g i) S
B R IIE GG, R R L F , fEREE
i IR A .
3.2 HXRMBRAZXEHNTHRE

it DA B e 0 1) 25 5 AT LAY M b B 3 H A R
il 7 540 kB Ok AR E A R e s R E R
o HETREWA —EWN T, KPP aH. -
R S Dy I o BE A b B R T e B R R, TR
EZ TGN N TSI AN SS R PR R
EIR AT A E G = f =

AR EFAE A R # R R E LA A
Bk b g — B0k R I AR AE — S 125 S Y
A FBC % 1 s BT (] 7 DU R 285 45 4 A7
) 2 53 o B 40 #0258 114 BB B 8% 7 9 AL IS T IR &
FE L WAMGKERBEELRIEA L
B A Y R AR e S A 2 M i (3
He) LU B 2 R 0, AR I KU 15 % g
FREIE . S RLAY BN i % & & P 7EAR 2 2k b
BT R T IRBL, LAk S 67 FL8 ( Pagrosomus
major )" | W H f4 ( Chanos chanos)'> | 7 fif
( Paralichthys olivaceus) ™" 2, F 7% % fif 1) [ i -
HEEREEWE KT, I B H 6 | e
TH.ELFLAELBRMESSH S REaNEE
i PR S S A % — B

N R 3 5 = I W o N o 2l 9
DA = APk 5 19 & 7 o0 i, B2 A [R) £ 2R 4
RS th B0 (B AE e 22 50 0 HAS S i
BHLAELBSEE T 6 B W o089 6
(Prionotus evolans) 4 — & B R RIE , A A #Y &
0 R AE AR R A R
&% T 5 K& 1 ( Larimichthys crocea) A — &
AR RLE , #R AR B8 5 Kk St B R, O HLA A
AR BB AR 40 2 ISk 3 TR 46 R 1) Js e B
A 26 1 BRI R 7 T U MRHT R i & &

EAEEMEEE ™, mEMRFTFEFBEL
ARG IOEAS T, R RGP K EEE, H
AGLENRE I E I RE MG MR TSRS KK
. [ & ( Morone americana ) ., #fi ( Morone
saxatilis ) 521 1 4% ( Seriola dumerili) 5 — 5 1 #H
U252 A S i SRR K B 20
B4R B I S MBS 7 SR A — 5T
A 8 il 1 5058 677 25 1 8% 5 A= 0 A AR DA o
R Al DLy, SR B A5 A Al 5 AR 0% ) Pk
AEBVINRFR . N —AJrmil, H A R il
e B e B TS5 bk B R AR A
PE, AT 2 G0 Kk A AR T 5 3 7 20K 4 o

AR S5 38 32 6k H A G i A R B R 0 R
F iSRRI E 5T, w] O ik — 2D R AIF 5T H
A S IR A AL AR 2SS N R G SR D) R
SRARALILRE A4 RL, S 4 5 R 98 N L A B R A
—ESER .
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Early development of the vertebral column and the
appendicular skeleton in the Inimicus japonicus

CUI Guogiang, CHEN Agqin, LV Weiqun~
(College of Fisheries and Life Science ,Shanghai Ocean University ,Shanghai 201306, China)

Abstract: Inimicus japonicus is one of the most commercially important marine fishes in China and Japan.
The embryonic and morphological development of larvae of this species has been studied, but it is
incompletely known about its osteological development. In order to obtain the knowledge of the normal onset
of skeletal structures throughout development, the developmental sequences of vertebral column and the
appendicular skeleton were examined in laboratory-reared larvae of Inimicus japonicus from hatching through
35 days after hatching (d. a. h) by the the clearing and staining technique of cartilage and bone. According to
the observation,the vertebral column started to develop from haemal arches and neural arches at 10 d. a. h
and 11 d. a. h respectively. Then,centrum , medullary spines,and pulses spines were formed at 20 d. a. h. and
they were completely ossified by 35 d. a. h with trunk vertebrae flexion. The development sequence and
ossification of centrum, medulllary spines, and pulses spines both started from anterior to posterior. The
appendicular skeleton developed in following sequences;the pectoral fin is the first to develop, followed by
caudal fins,anal fins, dorsal fins,and then ventral fins. The pectoral fin started to develop from the cleithrum
and the fin plate at 3 d. a. h. Cartilages of pterygiophore of pectoral fin were formed at 11 d. a. h and some
fin-supports of pectoral fins separated at 35 d. a. h. Pelvic girdle and ventral fin appeared right at 18 d. a. h,
later than pectoral fin, but they are rapidly developmented. Dorsal and anal fin appeared at 20 d. a. h, and
dorsal and anal fin-ray complements completed at 23 d. a. h. However, anal fin developed posterior from the
middle section. The development of the caudal fin began with the appearance of the hypural at 8§ d. a. h,and
then caudal fin rays and fin-supports begin to develop. Caudal fin was basically formed at 15 d. a. h with two
leaves a fin bone formation, which divided the caudal fin rays into two parts. The caudal fins bone formed
and started preliminary ossification at 35 d. a. h. Previously-recognized critical periods for [Inimicus
Jjaponicas ,corresponded to transformation phases from the primitive, basic modes to stable, more functional
modes in both swimming functional development and changing in living habits. The study of the development
of the vertebral column and the appendicular skeleton of Inimicus japonicas will provide the basis for the
functional adaptation during early development.

Key words: Inimicus japonicus; vertebral column; appendicular skeleton; early development
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Hy

Bl HBARBEH.SE.BE. IBEHNLAEIR
1.3 Hi®f7fa (TL4. 4 mm) ; 2. 10 {47 (TL6.1 mm) ; 3. 11 Hi¥ffF A (TL6.1 mm) ; 4.15 Hi¥ff (TL5.7 mm); 5. 18 H ik {ff
(TL6.5 mm) ; 6.20 H A (TL8.5 mm); 7.23 HR M (TL8.9 mm); 8.26 H ¥ HMEa (7L9.5 mm); 9.35 H i HEfa (TL15. 5
mm)
Fr. fi& %% ; Ha. Ik ; Hs. Jk; Hy. BT H; Na. 5 ; Nc. B3 ; Ns. Bfl; Pt. X658 Sp. #§; V. MEH .
Plate I Development of the vertebral column,dorsal and anal fin,

pterygiophore in the 1. japonicus
1.3 d.a. hlarvae(TL4.4 mm); 2.10 d.a. h larvae(7L6.1 mm) ; 3. 11 d. a. h larvae( TL6. 1 mm) ; 4. 15 d. a. h larvae (TL5.7 mm) ;
5.18 d.a. h larvae(TL6.5 mm) ; 6.20 d. a. h postlarva( 7L8.5 mm) ; 7.23 d. a. h postlarva( 7L8.9 mm) ; 8.26 d. a. h postlarva( TL9.5
mm) ; 9.35 d. a. h juvenile fish( 7L15.5 mm).
Fr. fin ray; Ha. haemal arch; Hs. haemal spine; Hy. hypural; Na. neural arch; Nc. notochord; Ns. neural spine; Pt. pterygiophore; Sp.

spinous process; V. vertebra.
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BRI BARSKWELS

1.3 Hi®fFf (TL4. 4 mm) ; 2.4 HiBfFfa(TL4.5 mm); 3.8 HA{F (TL5.7 mm); 4.11 H#B{F (TL6.1 mm); 5.20 H B HEf
(TL8.5 mm); 6.35 H & (TL15.5 mm) ,
CL 6 ; Co. Bk ; Fp. 3L H R 3k ; Fr. 6% 5% Pr. &,

Plate I Development of the pectoral fin in the 1. japonicus
1.3 d.a.h larvae(TL4.4 mm) ; 2.4 d. a. h larvae( TL4.5 mm) ; 3.8 d. a. h larvae( TL5.7 mm) ; 4. 11 d. a. h larvae( TL6. 1 mm) ; 5.20
d. a. h postlarva( TL8.5 mm) ; 6.35 d. a. h juvenile fish( 7L15.5 mm).
Cl. cleithrum; Co. coracoids; Fp. fin plate; Fr. fin ray; Pt. pterygiophore.

BRIl HAREHEELE
1.18 Hi¥fFfa (TL6.5 mm) ; 2.20 H iy Fifa (TL8.5 mm) ; 3.23 H A Hifa (TL8.9 mm) ; 4.26 HEHE (TL9.5 mm) ; 5.29 H B HE
11 (TL10.5 mm) ; 6.32 H{BHif (TL12.5 mm) ,
Pg. B 5 Pr. g%,
Plate I Development of the pelvic fin in the I. japonicus
1.18 d. a. h larvae(TL6.5 mm) ; 2.20 d. a. h postlarva( 7L8.5 mm) ; 3.23 d. a. h postlarva( 7L8.9 mm) ; 4.26 d. a. h postlarva( TL9.5

mm) ; 5.29 d. a. h postlarva( TL10.5 mm) ; 6.32 d. a. h postlarva( 7L12.5 mm).
Pg. pelvic girdle; Pr. peleic ray.

http : // www. scxuebao. cn



238 Ko7 OF IR 37 %

\ Y W

Ne Nc

BRIV HEREEELE

1.3 Hidff (TLA.4 mm) ; 2.8 HiBfFfa (TL5.7 mm); 3.10 H A {F 6 (TL6.1 mm) ; 4.15 HR{F A (TL5.7 mm) ; 5.18 Hig{ffa
(TL6.5 mm); 6.20 H A (TL8.5 mm); 7.23 H iR M4 (TL8.9 mm); 8.26 H M (7L9.5 mm); 9.35 H i HEfa (TL15. 5

mm) ,
Ep. 8 L& ; Fr. 8% ; Ha k5 ; Hs. Jk#; Hy. R N ; Na #8755 Ne. H3&; Ns. B
Plate IV Development of the caudal fin in the I. japonicus
1.3d.a. hlarvae(TL4.4 mm) ; 2.8 d. a. h larvae( TL5.7 mm) ; 3. 10 d. a. h larvae( TL6. 1 mm) ; 4. 15 d. a. h larvae( TL5.7 mm) ; 5. 18

d.a.h larvae(TL6.5 mm) ; 6.20 d. a. h postlarva( TL8.5 mm) ; 7.23 d. a. h postlarva( 7L8.9 mm) ; 8.26 d. a. h postlarva( TL9. 5
mm) ; 9.35 d. a. h juvenile fish(7L15.5 mm).

Ep. epurals; Fr. fin ray; Ha. haemal arch; Hs. haemal spine; Hy. hypural; Na. neural arch; Nc. notochord; Ns. neural spine.
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