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K *F ¥ £ (Gadus macrocephal us) = & il 4k,
EESRHLZ T

R i k- S S
(L. ARl Vg 3 e T 25 A R T SR 3 7 By T VAR K A 2 AR 5 A ) BOR FE U
K RRE TR B B KBS S 2660715 2. T BIEEHARE SHORE R S
PR R SR I RIS E T 266071)

WE K40 R BOEANEE B I KT ¥ 42 (Gadus macrocephalus) 3 & #EAT I A &, A
ITABTRYYNMFETFLAFE OR, ZEHRAFETE, BIAIREFTARET ZHAZH
Wo MEEREMTERFARATTNE, FAERTAZHENIEN T 2L L FHMNBALE
fE, ERET, KFPEERAINFHIENR, H2kH, WAEN 09-1.1mm, Lk, BBELXE SN
SAEH, A hRREY . BERY. ERHES . w2 RM BT R EAXKER 9-10C, HER
27-29 tyig K g, ZAF U0 B 312 h 30 min 10 . ATIEAT 2 4K 9(3.8540.12) mm, 6 H #
Fafo, A5 FME, #NBEEHRY, SERTEANEERREAR, FHHAINNERE R
Mh-Bo AF &7 o AR & (Rotifer), 12 B # T 444 & 1 & (Artemia saline) T 47 &, 6 H {1 # 42
FREFRK, 16 BEHRERIR A TER. 2 BRFEHRGEE 1 ANEED H, 22 BRFE25 24

flo i BT YR o BT R T R KRS R & LS R fe o A R AR R

KA

FESES S962 TEFRIRAD A

K-8 (Gadus macrocephalus) ¥ FR &Sk, &
#5JE H (Gadiformes) . #%5%}(Gadidae). #%J&(Gadus),
BV KMERZ e, HAR s, sH+e, &%
TN EZ . SRR R, HE &44E R A
M2 D, PRI T L ar s, KOs
AT T IARCEEEACTR U R, 2R EL T B A
4 T BV 22 U 2 2 — (R IR I 4%, 1995) o T R
VRIS 5 TR0, fm AR A 2.6 1 t R T4,
1990), EAEK, PR BUIFEAR, FEATE A T i+
Fri, HTT I SRR R, TR TS E MY

AKFEeE; Falit; KBELF; FHRF
XEHS  2095-9869(2017)01-0159-09

FHTRHE SR [ AR TR AN B

TR A B R 5 i AT R N T8
T EEZATEE, nOAEHE SR A R | BIRIRY L 3R
BRSO TS AR B 52 B A BERIBPORI (XIS, 1993). [
WA X RIS N T EF AR RE IR T 10
AR, (H M R EMOR A2 N TEF AN KB
PR, BRI TR AYMEEE | IR A&
H B BE A SRR SO AR A SRR B . B
BT, [ PSR RSP 6 1R 0] e /5 A RO B 9 2 U 1
— e, AFRES R BIES (EHEK, 2013)0 fF
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2 )R 38 %

FPUVRASTT 39 5 (R AT, 2014), FREEIE I (2= HE Rk
4% 2013; Bian et al, 2015; Alderdice et al, 1971;
Forrester et al, 1966). F-#7HIk R4 & & (9 by 55,
2015)%, Hi AR WA IEMIEE | IR A B IR
MITERIRIE . 1E#5 T 2012-2013 4EJF R T KF-PEE5 A
TEHHEARMG, R4 T A ROHITNTIEE, -
BREREAE, @ N TEFEHRN TR,
TR AN AR T H IR G & 8 AR AT 0 T2 8 FE
Tk, FERHAT B B B8 3R A AT 1 A, AN
TER iz N BT MR M E N 2S5 50k

1 #wREFE
11 ¥E&kiR

2012 4F 12 H-2013 4 3 A, FEILARTE 5K
FEFEFH A BRI T ROV 65 05 fa AL 55 &
TR B 5256 o AV PRI 55 i A Ll 2R Ja i o1 0 3 1Y)
PR, SRR EEEST | RRTCO . ERR KA
AR N E AT, DK A2 Bl W SR58 42 () 3%
12 x&EJH5ES

BY ARSI R R NS TR L KRR
IR TR 25 m® 7 TE SR MK, iR 1.2 m,
RG] H S BRE 5°, HEAK TR TR R g 3
KFERIEE , HIKR N 400%. FIFH 5 i (Ammodtes
personatus) i TR YL . SRR EA e, I
X1 B A 0 RS SRR DR S S RRAE A T T SR

1.3 ZIBIIKIE

PoBE B B T I S R ARG IR
HEAT N LT ERG , SR, RGNS, &
F 2000 ml =& P, FIHER B2 B vk B IR O TE A Y
WAl . SZREIRIEIL SRR IR 9-10°C, #hEH
27-29, HERA, WKW, G AR IR 32 A 2%
FIEAL 2, Phase 2205 2 = B LR 32K B9 FH T IR W08
14 MRERAEBHIENZE

K U AL L 45 30-60 min BUEE 1 ¥k, BEiL)E
W43 2-3 h BURE 1 IR A NIKON(MSZ800)fi 5t
WS IR AR 45 YIS S 45 E, H] NIKON coolpix 4500
B AL T WA IR, HR | 0 SRR R R E BT R
2 K I AHIRE o

15 FERZEHIENE

frta s th s, RSN 25 m® BT R A K
b AT F . BEF KRN 11-13°C, HEN

27-29,D0=6 mg/L,pH & 7.8-8.2,NH,;~N<0.1 mg/L.
fr AR BIG, EfKaEE, & 10 d J5IFER
FKREE, HokKRZ W 20%E M 100%., {f#IT
F LR 4 B ((Rotifer)

B AT AR T 4R, B R NG & b Bl AL HRCRE
30-40 &, 7 NIKON(MSZ800)fit il WEA Tt A
[F & B A TE SR g B A B0, e ek,
Bl K 4245, 1] NIKON coolpix 4500 FHFLIAME ,
DA% JEL G 1 5 Y 15 45 H AR AR 20-30 J&, DA& S5
FANFEMEE

Az 2 X R R R, FRR R (FAL100,
HAS, 1/5000 775 e 0 8 RIS, FEAR B T ULge,
FIH B RO 30-40 B, ol DOF S8 (bR ofE 22
(Mean=SD)ZE /R .

frea BRI AR BT S I Alderdice %5(1979)1Y

7
2
4n(r) R
v=>_\2)

2
Ao, roRERR, RAKAE.

2 HBRE5HW

21 R&EYMLESE

2013 4F, I R DOO) o DA Vg 3o R A A S 1 4% B
A2 B, BsEEREET 2 MEFMNEE. f
TR RIS i B rh 2 o T, SR ASTE
B HIEPET- 5 = . AN TR YL fiss & K7
TEOSEFAE M0 49 B, SEARE UG RN 43.7%.
Wt AN TN 51 S5k, Yk r A o5
e 7-9 d J5IFIRHR B B fh . SRATERT B M N ish
U, 6 15

X AU T A O i B EA TSR, LA A2 SR AT
W5 o KOFPEES A OM IR IRE , BT 1 AN A @R o,
WA JE e s SRR B A B, B e I 22 A X 1A E
B, N 1 LR CERRR ). HAM
PEIE B b A3 41 X5 i 407 BRI 4 5077 B R o T 4%
AEMRAESS o AR A 3 I 0 RS- T A ) 335 )
BRI AT, 5 2 KA TE, 56 3
KA AT RS ZS (] 1) ASHIFZE T S5 f AR IR AR
k3L

PR SRt R TR R, L X, A
FORERRAN A 5 T B £ D S S AR, A imT SR 1)
B, 2 AP SLE ERIE L AE—R, it HEDY T 54 B
P, N A 23 MR, £ EETICET
B (EI2) MEE R R B G, AR AR, 2R
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AL A AT 1% (Gadus macrocephal us) 3% fa BIfL 15 & 5 5L & & R 161

ghfy, H LA M gE R, FLE @ O EAE T I
TR E R TR A, ARSI A R
£ B R B PR 46 SR Bl 120150 J7RE,

BT RS R ARG B
Fig.1 The morphology of otolith of
G. macrocephalus(3-year)

A: Pt B: 1 EEREL C: 51 AR R
D: %2 B, B: 5 2 LRkl F. 5 3 ZieiiE
A: Central core; B: First summer ring; C: First winter ring;
D: Second summer ring; E: Second winter ring;
F: Third summer ring

B, -

2 SIS R IR 8L (Z0) MR S ()
Fig.2 The ovary (left) and testis (right) of G. macrocephalus

2.2 1EURFREL

TER YL, B Rt L B IEH, JE R
FOA I, B R A AR R LAY T, BEAT
TG 49 RoR it MR 27 B, HEMEMAR 22
. fEYMLEEE 35 d 5, TP A T RER T T A
T RN, Mifarh 21 B RAERIINT, Mifasdkn]
KAERIRE W . A 21 iR T 20 HER, A
THRGIRISZ R0 15 ik, SHRZHEHRIAE 75%-
95%zIf], WELFEN 10%-35%.

23 MERRABHFE

TAV-FEEE AN PN RIERTE , DibE, HAREERE.
GRRRE WD GH, INEIYS), ok, DREAEN 0.9-
1.1 mm, 7E7KIEH 9-10°C . $hIE N 27-29 g K T,
ZASHR I 312 h 30 min(50%Lh F A7 ) 5 i aK
MR R B LR, IR B RE L 1,

231 9JPEETH PIFZH5)5 1 h, AR,
JEAE AR SN A, e — A B AR B, IREE
B, BRI R (A 3 1),

2.3.2 SPELE(FKR A ZHEJ5 5 h 20 min, R
FIATE ROKT- 324, o2y X2, R 1k
KNFIZERY 2 AR seek, B 2 il (& 3-2); =24
JG 7h 20 min, MRELHEATES 2 IRZE, IR
1 RGP ZAE R — KN, 7 10 556 1 RSy 24 1
JRELDE > R 4 AR AL, HEA 4 4 (& 3-3);
ZAEJG 9 h 20 min, #FATHE 3 ROPA, 5 1 kPR
AT, WRE BUR ARS8 A4, 52 2 HEHE
G, HEA 8 HHEHI(E 3-4); SZAH)E 11 h 20 min, #4756
4 RONZL, 1255 2 WA RITAT R B IE R 2
T, JERGE-F-5 KM 16 4i(1& 3-5); 25 5 IREIA L
HETEZAEIG 14 h, 245 M HESUR BN, K& T
| 32 AAEII(E 3-6); SZHE)5 17 h 20 min, IREEIEITE
6 KBRZE, HEA 64 NI, BLET AN R 2 2 AR HE
G, AR N AR WA R (18] 3-7) ; %245 20 h 30 min,
KW, MRHBA/N, BREENE, 7RI
I MERER, RISAURA 3-8).

233 EEM ZAEIG 21 h 30 min, 4RSS
24, ARARBUEOR N, BRI L, 7EEREE LR K
2SR R EIRPERL , s B (1#13-9); ILie, R
o4k 2 AN W7 4324, BRI TH 2R A0 R W3S 2R R4 T
11, Z K55 44 h 30 min, /=5 580 = RN B H I 208,
i AMRFEN (& 3-10),

2.3.4 R ZHREJT 59 h 30 min, SR EE 4K
LU E 13 4, B K, BIRLEIFHRNE
B 1 — B PR AR B ke R AR ER (8] 3-12), A 40,
RIS TE BL(E 3-11); 52K )5 74 h 30 min, J5 %
RN LN B 2 1/2 4k, IRIRMEIETE W, oA
WI(E 3-13); ZAE)5 83 h 30 min, JE7 IR T 40 2 0P8
2/3 Kb, RPARTTS HEEE R A i, Sk AR R4
A, FEA R I (E 3-14),

2.35 R ZAES 99 h 30 min, FEBIET
WP HE 4/5, JRE I RPEOCH . IRJE &8 4 B W
JE, TR e, PR B R TS, B R
R, RRERTE R Y U R, 25, Mk A
U Th I A A I P A, TR, IR
TR, R I B (B 3-15),

236 MEREFH ZH5)5 108 h 30 min, J§i 1 5¢
M, IR EE 12, M#E LT K
b, WP 3 ARG E G fik . L ), ARFE
IAERG I, ERAERTE ; AR FRILY 74k, 7T
46 X IR A A AP, 52 [y B 3-16);
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*x1 KT FESHEBR & BHHE
Tab.l Embryonic development characteristics of G. macrocephalus
oo B A T TEAHHE .
fertilization Embryonic development stage Developmental characteristics Remarks
0 ZAEBY  Fertilized egg
lh JRETE B, Blastodisc formation JEAFITESNMAER , N —RIEREER, RS & 3-1
5 h 20 min 2 4] 2-cell stage 51 ROIR, TERL 2 EERAE & 3-2
7h20min 4 Y 4-cell stage 552 O, JEA 4 AR AN K 3-3
9h20min 8 Ml 8-cell stage ﬂﬁ 3G, B 8 AR K 3-4
11 h20min 16 4Hffd#H 16-cell stage 54 WIS, AL 16 4SRN Kl 3-5
14 h 32 4] 32-cell stage 555 KB, TE RN 32 A4 & 3-6
17h20 min 64 g4I}  64-cell stage 56 AR, TBHK/INAER 64 420 [ 3-7
20h 30 min ~ RAEH  Morula stage ZWr ARG Z )2 MMEHERRAE I B BT, R IR K 3-8
5h35min  S#ENY  High blastula stage  ZII7EONEE oy B PP B, 202 SiER & 3-9
44h30min KM Low blastula stage  MREIFIATFAL, MR NN RF-, BNGTEDNERE - & 3-10
59h30min  JREHREI  Early gastrula stage N ERHRAIRIE , BRI E 1/3 &l 3-11, & 3-12
74h30min  JEHF I Middle gastrula stage JEAIE T ELERTE 1/2 Al 3-13
83h30min JEHIEH] Late gastrula stage  JRBNR FALENHE 3/4, RJGEAS40K &l 3-14
99 h3 0min #HZMH] Nurala stage EARRHIE S Qi W EY I S i [ 3-15
108 h 30 min J){A 43 1/2 Embryo JRE M, IMETAIE 172, BT 4-6 X} & 3-16
encircle 1/2 of yolk sac JIL5 XoF R A0 A
1121 3 Omin MK T2 2/3 Embryo R 1 BLLE Y B, KA, LY 79 %t K 3-17
encircle2/3 of yolk sac
117 h 30 min IR&F £ 3/4 Embryo IRPEZ R, IR IG AR K 3-18
encircle 3/4 of yolk sac
153 h 30 min fRiH I Crystalline lens stage MRFEARR], ShfBal, W& L& mMaRMpEsL K 3-19
195 h 30 min F&2f Y Tail-bud stage AR b i — M, SRR, IGO0 — A P 3-20
225h 30 min fi]| Py &) JASAS T By 4 0 TR DR B3l 5353 1 JUL PR A 4 & 3-21
Muscular contraction stage
250 h 30 min 0>BkH] Heartbeat stage O EFF 46 B S 3l & 3-22
306 h 30 min A Membrane rupture stage  WMAFESRIRPIARER;Sl, WUATSHEINEAS J1, JHnmens & 3-23
312h 30 min #J##ff Newly-hatched larvae & 3-24

ZHKEJE 112 h 30 min, PLFERCBEVE M, WL 7-8
ST A B AL 2 2/3 b8 3-17); 3245)5 117 h 30 min,
— XU AR S, IR RO = 12-16 X, 1Y
MECR R A 2, MR HEE 3/4 (& 3-
18); ZK5)5 153 h 30 min, ARFEZZ HFEIE, Mkt I,
TRTTECR 30-35 X, WA i R B AR AN, OER
LI, SIS (F 3-19); 2K 195 h 30 min,
IRt s AR B2, R SN, IR
JE, Mfg R B, AR R, R T
R, U FBRIE A, A0 0 B — 5 (A 3-20).
237 WA S ZHE 225h 30 min, FRAZEDN
W 7d 2, RIS, O R ARRgE N R Sk
TR S B, KA AR R B A SR AR, A
55340 R R ZR IR BRI T s v JUL PR i
(WLRIONE), Wit AT AL an et , 4k

I RS, 29 2 min B 1 RHLARON (I 3-21).
2.3.8 ki ZHK5 250 h 30 min J5 , KPR T
J7 LR FE R0, TFiG IR B, BEE IR
REREIMIER , Mghmsmil, Bkahf g, oBkik
B IF LR B 24 YR /min BEIN3] 67 YR /min, ARk &
WA R R 2, DR B R0 i BU LA
R BB SR B K (K] 3-22),

239 HEH Wi WG & B HELT , RS i
FERUTAIN I, MARTE GY RPN A5 M 5y, R B ik
— RN, RN SER SR ARG, *W\WZIS
Mk’é%fﬁﬂlﬂf*jwﬁ:%nﬁ%iﬁ 2 A IXH,
SR S EH A F R AR S (E 3-23). 2K/ 312 h 30 min,
JR ARG FEE T 1, O i B R 22 OV Sk A e e e BgE, 2
Ja B 1RSI 2 O, B AR R R S
IR L0 AT A i AE K b, TR RE 0 55 (B 3-24),
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K3 RFEREIRIG I A TR

Fig.3 Developmental morphology of G. macrocephalus embryos

1: 2500 2. 2400080, 3. 4 Z0dl; 4. S 4Uui]; 5. 16 ZUfiy]; 6. 32 4Hfdy]; 7. 64 4ufil]; 8. F|ALW]; 9. &
AR, 10 RZEAR; 11 FEERW; 12 WEW; 13: Fiahw; 14 BB, 15 sgR; 1. IAE 12; 17: I8

R4 2/35 18: WRUARED 3/45 19: SRS 200 REZEII; 21. WLAAROMIN; 220 BRI 23. MW, 24. wIrfa
1: Fertilized egg; 2: 2-cell stage; 3: 4-cell stage; 4: 8-cell stage; 5: 16-cell stage; 6: 32-cell stage; 7: 64-cell stage;

8: Morula stage; 9: High blastula stage; 10: Low blastula stage; 11: Early gastrula stage; 12: Embryonic shield stage;
13: Mid-gastrula stage; 14: Late gastrula stage; 15: Nurala stage; 16: Embryo encircle 1/2 of yolk sac; 17: Embryo
encircle 2/3 of yolk sac; 18: Embryo encircle 3/4 of yolk sac; 19: Crystalline lens stage; 20: Tail-bud stage;

21: Muscular contraction stage; 22: Heart beat stage; 23: Membrane rupture stage; 24: Newly-hatched larva
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24 BRHFALERIE

241 HIHERKME PO 4-1), 2K A (3.85+
0.12) mm(n=30), BRECEEN BN ~PHEDE, #B T
10 DN Sk Z WA — D B E . IR 8(0.20-
0.25) mm, ALRTHE }(1.4140.02) mm(n=30), k¥
ENEEIN AR E, el S Ay, i E RO R,

*;1ii;;lh;¥{

-I- B

HArilmi. AL, RN s i G i .
AR TR LM, WA WHas . I 6g
TR SE R B — Ak, P 6E 4R TIN5 T, M EE IR T
U, BRIBGE . KT R SRR AR,

[l 4 A RR IR G o NTTTAR 54N FHGE o P
sk N BRI, 25 K)ZEA

B4 KPSk E

Fig.4 Developmental morphology of early larva of G macrocephalus

1. WIEAF A 2.

8: 12dfffl; 9: 16dfFfa; 10:

1dfFfa; 3. 3d4Ff; 4; 4dfFfa; 5. 4 dAFEIW; 6. 6dfFta; 7. 8d{Ffha;
16 dfFaiSmm; 11:

22 dfffa; 12 27d 17t

1: Newly-hatched larva; 2: 1 d larva; 3: 3 d larva; 4: 4 d larva; 5: 4 d larva (back side view); 6: 6 d larva;
7: 8 d larva; 8: 12 d larva; 9: 16 d larva; 10: 16 d larva (back side view); 11: 22 d larva; 12: 27 d larva
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WACLAE: KO- 1% (Gadus macrocephalus)# fa Y {L 15 B 5 7 1 k & F#1E 165

TCEEREIS, WE3E 1855 .

1 d (A 4-2), 2K H(4.1540.12) mm, 0REE
4(0.20-0.25) mm, ALFTH 47(1.41£0.02) mm(n=30).
IR B LA/, IRFUEAEL 20%. Skl A 58 4 i 25 P 3
P, MRPETEIMTE, BEHenT W2k Is 5, K1+ i
I R i 11 €8 28 9 FE B o A7 2 A0 TR R 1
2, sl S A G R

3 dfrfa(A 4-3), 2K H(4.5540.18) mm, R4
1(0.25-0.30) mm, ATHTHE 47(1.52+0.03) mm(n=30).
BB ERF SR, IRFTEFEZY 45% 11 H L TR AR 58
SRR, WEHE RGO, WIAZE, KEiEH,
HALE HIAI, BTG AR, 18 )5 o 5 5
POt A4 G . ML IR T . Mg I I, &
HER, RTRARE SN, 1 5 KT 3% 4 I 8 R A i
JEARWE £ A7k e i34, 20 mEK g -
J2, 5E BRI BN AT 08 SR A MR NIRRT R

4 d frea(E 4-4, K 4-5), @K H(4.6240.08) mm,
AR 42 24 (0.25-0.30) mm, ALH7HE 4 (1.58£0.09) mm
(N=30). BI B FETHFEL 60%. Sk i 2 U 5 98 5E 4R .
ARG e AR B, ARk, HEIER, Hugsid,
KIFH, BiEFF GRS, ATk, HERAaR M
BREYE R ALTIAR S AN FAHE (K 4-5) K Tisr A 2-3
MERBR AR, TRmBORWER, FEHM,

6 dfffa( 4-6), &K K(4.71£0.02) mm, HEFE
7 0.30 mm, ALHTHE H(1.62+0.04) mm(n=30)., b} & 4
AL EERA, OZK% 025 mm, {F@aIFH, L]
SHMNAEGE , SR AL AR IR . ARk, el
DA AR BEBR I o A AT, VKRB 73G9 . 3
PRALAT DL 4 S50 iy e 3R, 43 A TSk AR /s 7
(=R A1 0 Sy O I 3 17 B 22 i O

8 dfrfa( 4-7), ©K H(4.94£0.13) mm, (R{Z
79 0.30 mm, ALFTEE A(1.8240.09) mm(n=30), I # 5
SWAETRR . K25 0.25 mm, BERFES, HiEN
A DL AR R s BRI, A A K P
— SRR AR M B S, 2L

12 d (&l 4-8), 21K HM(5.1440.15) mm, HRAEH
(0.30-0.35) mm, ALHIH 4(2.08+0.12) mm(n=30). i
B, IR¥Esate, 8w, HER RS 1 A~ EH
25l , FFUAER K L (Artemia saline) T 4k, KT
4Ry, EEESAr 2 MR
W EETE R AR, Hrh, BURERIRFURE
o % A7k, 27Kk 2, 17
FERIL 90%LL I

16 d {1 4-9, & 4-10), 4K H49(5.47+0.13) mm,
ATRTEE M (2.24 £ 0.07) mm(n=30), K T3 2 S K4
M, JHALIE EOT B RS L2 HolE Kk, BEAk
W BE5e/S, BWER  frai% Sk, leshal Bk

22 dfffa(& 4-11), 2K H7(5.69+0.09) mm, AT
HiE 4 (2.3340.07) mm(n=30). #2555 i A= HIR,
JaiE s 2 M EMSHIE L, MiENEBYERZ ., T5HER
RSt 5 1 ity 0B o

27 d fffa(& 4-12), 4K H4(6.08+0.13) mm, AT

T IE 4 (2.49+0.04) mm(n=30).
2.4.2 9Pk ook it A2 TR 655 ) A 1 11 2
AIF, TCtREREST, (URSEDN &R RS TR T4
K AT, W4 K o (3.8540.12) mm, BPEE#EIA
R 146.12x 107 mm’; FEEfFOAEK LT, N
PN, 1 d AT RN ST FESY 54%, 2 d {1
G HEIHFE 73.1%, EWLIEEE 4 K, 20 97%R 5P
PRI, LGS 6 K, INEEANAERA, 12
AR, B 8 KINEEAWIKSEFEGER 2). 6d
Rt o, FEAREN, fFatmEaie s, A5
VRS SR B, AT A & A vk E 7385

3 itig

AWFFE T I 26t B4 12 1 —28L4E 2 J 3 ) R 4l
T UL AR T S T SR ) B A S £, PR PR IR B
N o U R S (BN W F B CE = D
[ BEAT RS &, i N T8k 7 AT 52 A5 01

®2 KPFEFailmmRucE

Tab.2 The process of yolk absorption of Gmacrocephalus larvae

7 I e [a] EoN R AR TIN: g R e isg 2ENN
Days after Total Long diameter of Short diameter of yolk Yolk sac

hatching (d) length (mm) yolk sac (mm) sac (mm) volume (10’ mm?®)

0 3.85+0.12 0.83+0.09 0.58+0.07 146.12

1 4.15£0.12 0.56+0.04 0.48+0.06 67.52

2 4.37£0.18 0.52+0.04 0.38+0.03 39.29

3 4.55+0.18 0.51+0.06 0.34+0.05 30.85

4 4.62+0.08 0.15+0.02 0.20+0.01 3.14

6 4.71+0.02 0.05+£0.01 0.11+0.01 0.32

8 4.94+0.13 0 0 0
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2012-2013 4, WF90 1 RV VPR B A SRR 94k
B B, NTRMT RIS E e A s
49 B, AT ZKEI0 15 k. B, REFAISHK
ZAGIN TS A5, KRR MR REOR, H
F G AT ETE T T SR o BP At i s E
Ja 25, Joik 8 1 #i(Cynoglossus semilaevis)
(MW B &, 2006) . K 2% 8 (Scophthalmus  maximus)
TIEFR, 2003)FMA AT AT E KM, HAl
R P N =E 1 NN oY) 7 a = B e S
I, PR EHRE2Z R K, S)E, MR
AT R PRSP A= SR fa () YI4E . 8555 T4, ndfiar
SNERIIP S =R VNP | 2 NS 2. = W L = B o
PR AR SRR E RO R R, TR A N TR
IFEMR, PSRN T AT M EE A,

R LG E B NI SR B F A F
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Abstract

Pacific cod (Gadus macrocephalus) is a commercial potential species for marine fish

aquaculture. The present study used a wild population of Gadus macrocephalus that was captured from
the open sea of Weihai (Yellow Sea region). Under captivity, 49 wild individuals survived and acclimated
to broodstock rearing conditions. Shortly, 15 batches of fertilized eggs were collected. Embryogenesis and
early larval development of G macrocephalus, including morphological features and development time,
were described. G. macrocephalus spawned demersal and slightly adhesive eggs. Eggs were almost
spherical and had no oil globules with diameter about 0.9—1.1 mm. The embryonic development of G
macrocephalus was divided into five stages, namely cleavage stage, blastula stage, gastrula stage, neurula
stage as well as organogenesis stage. Embryos hatched out after 312 h 30 min in the sea water when the
temperature was 9-10°C. The total length of newly hatched larva was (3.85+0.12) mm. Larva opened
mouth at 6 days post hatching (dph) and started exogenous nutrition (first-feeding) stage. The yolk was
completely absorbed at 8 dph. Primordial swimming bladder appeared at 6 dph and was filled with air at
16 dph. The first and second intestine physiological curvature formed at 12 dph and at 22 dph,
respectively. This study provides the important baseline reference for broodstock management and

larviculture of G. macrocephalus.
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