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K, FFrm kAR, Foa vl (s 1-F),
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Fig.1 The development of 0-9 dph G. macrocephalus larvae

A: P, THAGE (F7 R PR) S50 R B: 1dph fffa, @ERVIBUEE NG, IRBRZIT @R (3§ Sk om) il
C: ldphfffh, FalE(Eiskin)isl; D: 1dph 7, W HE AR 7E A M (F kAR, BELAMIR 50 R X475 [R5
E: 2dphfffa, HRMIELFIR); F: 2dph ff6, HAA @ HR)EW T IL; G: 3dphfff, HALEH 2 dph fFf
PR H: 3dphAFfa, THALIE SATERZ R (Fi 3k T7R); 1. 4dph fffa, FEESER, TakahhE; J: 4 dphfrfi,
THAGIE PABE ) BERE AL (7 Sk BT 7R) s Ke S dph A7, JBEIE(HT Sk TR) ik — B K L. 5dph A4, JHALIE THFIEAL 5 AR AT i
(#ikFr7R); M: 6dphfffi, JHALIESE2THE; N: 6dph fff, JHILIE N/ NERY) 5 (1 3k B R);s O: 9 dph 1,
THALIE N A S RAFTE; P Odph ff £, IR PR 28 G2 i I mT UL (1T rh i Sk i)

A: Newly hatched larvae, digestive tract (indicated by the arrow) was a solid vessel; B: 1 dph larvae, pigmentation darkened,
rainbow pigment appeared in eyeball (indicated by the arrow); C: 1 dph larvae, the pectoral fin appeared (indicated by the arrow);
D: 1 dph larvae, the end of the digestive tract was in the right side of the body (indicated by the arrow, the digestive tracts of
randomly selected 50 larvae were all in the same side); E: 2 dph larvae, schistostoma appeared (indicated by the arrow); F: 2 dph
larvae, the otolith (indicated by the arrow) was visible; G: Digestive tract of 3 dph larvae expanded, comparing with 2 dph larvae;
H: 3 dph larvae, digestive tract and liver enlarged; |: 4 dph larvae, schistostoma shaped, but the maxillary, mandible could not
move; J. 4 dph larvae, flods appeared in the digestive tract (indicated by the arrow); K: 5 dph larvae, bladder enlarged (indicated
by the arrow); L: 5 dph larvae, digestive tract still not canalized beside liver (indicated by the arrow); M: 6 dph larvae, digestive
tract canalized completely; N: 6 dph larvae, small particles in the digestive tract (indicated by the arrow); O: 9 dph larvae, rotifera
was found in digestive tract; P: 9 dph larvae, blood circulation was visible (blood vessel was indicated by the arrow)
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Fig.2 The development of 12—30 dph G. macrocephalus larvae

A: 12dphfffa, SKEBALEEEE (FiSLFIR); B: 12dphfffa, IKTHBEARGEKLR); C: 12dphfifa, MEERIBEG
Z(HikFrR); D: 12dphfFfh, WHALENEYGER); E. F: 15dphfffl, B@EE | SEEE &R, ISR
FELO B (B Sk BT7R) s G: 15 dph {1, DRl eg (ki) &4 H: 15 dph A7, AEfr e w (87 Sk Bim) & A
I, J: 17 dph fffa, WL L FR) AW ; K. 20 dph /i, BRBRA T 52, FAEROLEE S L. 20dph {£fa,
ESNEABEMA; M, N: 20dphfrfa, BHOESMIAME; O: 20dphfff; P: 30dphfrfa, EEEFTE; Q. R:

30dph fyfa, KT EFRET . WEERY H; S: 30dph fyfa, SEgE KiFaie
A: 12 dph larvae, yellow pigment on head (indicated by the arrow); B: 12 dph larvae, melanin on body (indicated by the arrow); C:
12 dph larvae, melanin on pectoral fin (indicated by the arrow); D: 12 dph larvae, feed in the digestive tract (indicated by the
arrow); E and F: 15 dph larvae, melanin and yellow pigment spread in three bands and liver near the pericardial cavity (indicated
by the arrow); G: 15 dph larvae, pectoral fin developed in afew larvae (indicated by the arrow); H: 15 dph larvae, swim bladder
developed in few larvae (indicated by the arrow); | and J: 17 dph larvae, orange pigment (indicated by the arrow) appeared clearly
on body; K: 20 dph larvae, eye developed completely and there were reflection points of pigment; L: 20 dph larvae, devel oped
complete swim bladder; M and N: 20 dph larvae, irregular distribution of pigment on the tail; O: The whole larvae body of 20 dph;
P: 30 dph larvae, swimming bladder developed completely; Q and R: 30 dph larvae, the pigment migrated from the trunk to the
back, and ventral fin membrane diffused; S: 30 dph larvae, swimming bladder and feed intakeing
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BT XA S A, SR R AR N A
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BT AL, SRR D U

70 dph {11242 K 9 (46.00£0.97) mm., A% Hi 21
SRR (K] 3-K), &l . SEEa T w8, 4
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FEPEAR R 2 FURL Y SR IS, BT A AR s Y
HIL(E 3-N), bR AT G

80 dph 114K 4(59.00£2.70) mm,, & . Y
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PEMARIR 2, KPR ATk B R+ 2%
1, 15 2-12°CHE/HN, fr iz 80 d. A5
WLEE 45 B 5 42 75 (2000) V% ] S ik 4 2 SRR 1) 45 BT 1
fil¥ (Verasper moseri) i BF 57 45 SR o 38 5 X Hem] A&
W, A FER AR ERTA Sz,
BEfk . K HIRERAL, WA DR (6 d
PIE), REABEYREESER D, AR THEma
I HAT T .

3.2 T EIEHE

MBI, RS AE A fa 5 & 1R, 15 dph 11
OAFAE—DIET- I, e, e b TR & 4

WrBe, 858 H i ] S EUF A, R A
fii 56 T o 7E B 1 3% 6F (Scophthalmus  maeoticus)
(Spectorova et al, 1976). fififii(Mugil cephalus) (Nash
et al, 1977) . 41§ (Sparus auratus) (Papernaet al, 1978;
Chatain et al, 1990) . 55 4. i (Morone saxatilis) (Bennett
et al, 1987) . K HR #ifi’i (Stizostedion vitreum) (Colesante
et al, 1986)%5 1 24 i WLAE S| ok JiE 50 U A i K i
FET-HIBRER, 115855 (2003) ik, faHIBERIE A
TSR R e A S K 0 28N T U R R
Z— o AT N IR SN, N FRGE
SN AR R 1 R B AR F B N TR
RV N TEF T, 8 1R/ f R )
A EEZ S, JE A e LB M.
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R E BRSO o MG AT
gt B, MR — i Te 32 kG e f, (Al /R
A, W SZHRE 2T 11 H% B (Blaxter, 1988). 1 T7E X
S E N T 25 i b, Ok e 7 B AL AR
BEIEE M b TSR, AR AR, R RIG
W O I AZAE B AL T B A P L

fra R A 5 R R AR, A Y 20283
N, W4T S 0 iR (Blaxter et al, 1963), [
R AL S 2 5 52 A R B I s e, R A A
TRV 5 R (B 44 Bk, 1991), A7 fa it i s HAT N
W R T AR, I T R eSS SN TP BURE A2 1Y B 25 43
A, (HRE ROV B L0 h, VI k&
IREBTEAFAE . A FFPRIAETEE BRI 2257, HF
AR ] 52 P A 8 S AR 0 (n B s ) B ) P 13 2%
PERG T2, e T DA OSBRI R A AT £0 ) 43
St JF Hask S 28 N PR 35 5 5 7 R AR B 3R 1Y
HRA XA 32 B FE T 26 A LR Y AR
fbo HTFAERG AT . ALK, FHit,
i LA 6 5 TR B RFAE

AR, A — R 53 75 3% T RER A A
Al RRE 28 0 R AR 0 s ) o IR R B (A 324 &
WEAk) . A7 (IR L 22 & BB 6 SR 25 T, Rl e
M I ) | HE £ 00 (0% R g 22 4 B AR Wl ) o HL
FREa Sk 2 AN B B, MIRRAL 25 B0 85 52 Wi, A
R R LSRR I ATt RS % T UL L
(543 07 vk, ZEHE Bk (2013)2 % K - T 6 R K B
B A W2 E o R BT SRR 4 2

1) %F. £HEHATETEARWIZE. P EL DR E G0 55 4: 246118 3¢, 2009
2) ZEHakk. KPS (Gadus macrocephalus Tilesius) 1 & & M B AE WA F 9. KIERFER A B AR 2= 18 3L, 2013



% 61 % 7 Bp4: FOFPE#5 (Gadus macrocephalus Tilesius)fT-f % 7 it F2 31

K3 KRS 141 £4.(40-80 dph) & &
Fig.3 The development of 40-80 dph G. macrocephalus larvae

A: 40dph fffa, THLEN KA B: HE—BH K, C: 40dphfffa, REELEEREREZ, JFiRiR1k; D: 40dph
frfn, FEELhEEA 20, 55 1, 2. 3WEEIF IR R A E: 50 dph {7fi, 58 A8 68 (5 Sk iR )isf — 22 & & 5 F: 50 dph
frfa, RAEE IS (S T7R); Gand H: 56 dph f1fi, FEEEEE SRt —0 & F (HiskFiR); | andJ: 60 dph {14, g
BA, BT, SR E 2 BRI, R UL(HET Sk FTR); K: 70 dph A7 4f, R A IS B AT L (75 3k ) s L 70
dph {1, T56&, 68 50 0 nT UL (K T7R) 5 M : 70 dph {7 f4k ; N: 70 dph £, 838 BUZR/NBURLIR K26 21 (7 3K FR)
B ITUG K E 5 O: 80 dph fffh, WEARHAE (4 (7 Sk Fr7n ) SEANAA 25 P: 80 dph - fa K 6§ (7 3k BT 7R ) i B ; Q: 80 dph {1,

g%k E: R: 80dph fffl, KRB ERGF KIR), HER
A: 40 dph larvae, there were Artemia sp. in the alimentary canal; B: 40 dph larvae, schistostoma became bigger; C: 40 dph
larvae, the caudal fin membrane was broken and started to degenerated; D: 40 dph larvae, there were chasm in the dorsal fin

membrane, indicated the development of the first, second, and third dorsal fin; E: 50 dph larvae, the dorsal fin and anal fin were
further developed (indicated by the arrow); F: 50 dph larvae, the coccyx began to warp up (indicated by the arrow); G and H: 56
dph larvae, the tail fin was further developed (indicated by the arrow); | and J: 60 dph larvae, the development of the anal fin, and
the body color maturated, swimming bladder became longer and thinner after extruding, gallbladder was visible (indicated by the

arrow); K: 70 dph larvae, blood vessels were visible (indicated by the arrow); L: 70 dph larvae, the fin ray of the dorsal fin was
clearly visible (indicated by the arrow) ; M: full view of 70 dph larvae; N: 70 dph larvae, there were reflection points of pigment
on the surface of the abdomen (indicated by the arrow), the scales started to appear; O: 80 dph larvae, the reflection points at the
abdomen became more obvious (indicated by the arrow); P: the pelvic fin appeared (indicated by the arrow); Q: 80 dph larvae, the

development of the fin ray; R: 80 dph larvae, the melanin and yellow pigment on fish (indicated by the arrow)
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Tab.1 Comparison of larvae development between G. macrocephalus and V. moseri

N N
7 H e IF 1 Tk Ay %30k
Items Temperature (‘C) Mouth-open time (dph)  Oil-ball dévme?oc;) edu (g) Reference
K765 G. macrocephalus 2-11 6 X 80 ARWF5T This study
5B B V. moseri 6-11 10-12 ¥ 51 475, 2009Y
34 FOEAH 5 £ X W

AR AF B I F B RIS, FEAR DRSS LAy
6 L2 K B BRI T IR A7 o, ARBFSE SR &
B, 7E T°CKIBAME P Lmfra, W/E2 4 d |
AF O MiE ST M fkiirfa, e
Ji6d AR U, il iR G850
TR AT IR G S IR, XULIE — e TR
TP, R, AT IR AR S R A, (A
TR 558 05 AT AR TS R0 20%4 47, B AR
TR AT B 35 AT 7715 %.(60%) , 3 14 BH AP 1
B A7 f0 K B ) IE HLR N AR 3C A . FEHIRK
(2014) IRy, KIS AE 10-11°C /KA1 T i
JE5E 5 RIFMRIRE, SARMR A RN, HIEH T §E
AT EZ AR R, A FHE . KR
BAE, THMIII SR ARA . s AL (5 FRE)
FIIK A5 AN ) ] B2 LA R AN [ ) 2 A

35 KFHEHFOER

FE AR, Y TF O R RR 2 2 e sh
18 5T K/NE ORISR B8, LLshd
Mo, R DBR S B CR AL, 1986), 1E
RN T EF AR, KRZ LIS RN A i I 0
B, RV B AR — U2 T B K B
ot B PR ERL AR R B, ROFPRIS T 1 5 i
SR DL/NER S sl Al NSRS, EARE] 1d
P, BT R AR R, X ATRE S5 APy
(RN NG SN PIE L P

Ellertsen 45 (1980) . 4 78 A V-1 65 T 11 47 i
NPV 2SI EESUREL/ I ENINITE B3 V6 & S IS 1 o N
FEA, (AARMFFMEE LB, KPR 1740 1 1%
BN R AR R, Bk R A
FAARE] 1d BEHE], H X R PRI £ f 2 A5 D AN AT
DI TG B2 B SEIESE o 7E ATV AN T8 F
FErf, JF R NER T BB A T S B R

Mg, FWEERR, Ra . ERERRENATEFaEE
Wi, WEFEIKTERFST, 2003, 24(1): 80-84

KRICH, B, BUKRZE. RIGMAE. Juat: B,
1963, 169-170

A, FFIT R MHIPRER. K AEA Y74, 1986,
10(1): 86-95

KA, KFM, FRA, . SRR RS L FRARE A
RIS L. K274, 2002, 26(3): 193-200

XN, hE FRE AR B A A, bt gk i i, 1993,
81-89

ZefE, SREIR, YOFH, . ROTERAMTF AN AR, HEK
FERlE£, 2000, 7(2): 5-9

Rk, LR, IMH, . PRI A LRSI KA AT 5
ARSI E. AR, 2014, 34(14): 3873-3878

TRDUHE, 238, /e, A%, el dbnt: M7 R,
1987, 285-295

TRIFFD. K= I REWAR I IRIG &8 . Kr=2#4k, 1984,
8(2): 161-170

Sttg, A, BRI, JREGE RL T . HEUKRE,
2002, 9(2): 120-124

AR, R RIE AT S IR KAk, 1991,
15(4): 348-358

R, WH, EFF % JUMES a4y A0l oo,
TR VA E i, 2003(1): 35-42

R, BVE R, fI5AE. RS Rtk E. K
#, 2002, 26(2): 115121

Wei G, Huang L, ChenY, et al. Observation on the embryonic
development of Pseudobagrus nitidus. P4 Ty K2z 2445)
(HABFIR), 2002, 27(4): 567-571

Bennett RO, Kraeuter JN, Woods LC, et al. Histological
evaluation of swim bladder non-inflation in striped bass
larvae Morone saxatilis. DisAquat Organ, 1987, 3(2): 91- 95

Blaxter JHS, Hempel G The influence of egg size on herring
larvae (Clupea harengus L.). J Cons Int Explor Mer, 1963,
28(2): 211-240

Blaxter JHS. Pattern and variety in development. Fish Physiol,
1988, 11(A): 1-58

Chatain B, Ounais-Guschemann N. Improved rate of initial swim
bladder inflation in intensively reared Sparus auratus.
Aquaculture, 1990, 84(3): 345-353

Colesante RT, Youmans NB, Ziolkoski B. Intensive culture of
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Observations on Larval Development of Pacific Cod
(Gadus macrocephalus Tilesius)

JANG Yunrong*?, YU Daode®, LIU Hongjun®, GUAN Shuguang®,

ZHANG Shaochun®, ZHANG Yan'"
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Abstract Larval development of pacific cod (Gadus macrocephalus Tilesius) (0-80 dph) was
observed using microscope. The experimental conditions included water temperature 2-12°C, salinity
28-32, pH 7.8-8.2, and illumination intensity 800-1200 Ix. Under the micro aeration hydrostatic
conditions, it was observed that on 0-5 dph (day post hatching), the yolk-sac larvae supported by
complete endogenous nutrition. Specifically, on 1 dph, the pigmentation became darker and rainbow
pigment appeared in the eyeball; on 5 dph, the digestive tract was cleared except for the liver; on 6 dph:
the larvae started feeding, and there were small particles in the digestive tract; on 9 dph: the yolk sac was
absorbed by most of the larvae and they began to feed on exogenous nutrition, in addition the rotiferain
the alimentary cana and the blood circulation became visible; on 12 dph, yellow pigment became obvious
in the heads of larvae; on 15 dph, colors of melanin and yellow pigment were intense, and the blubber of
larvae started to form; on 17 dph, the rainbow pigment was visible in the eyes; on 20 dph, the
development of eye was completed, the blood circulation could be seen in abdominal arteries, and
pigment was found in the tail. During 30-50 dph, the fin ray began to develope. On 30 dph, the tail fin
began to develop; on 40 dph, the larvae started feeding artemia, and the first, second, and third dorsal fins
came into view; on 50 dph, the coccyx curled up, and the anal and dorsal fins were apparently visible.
During 60-80 dph, the pigment cells and fin ray were further developed, and the gallbladder could be
clearly observed. On 60 dph, gills were covered in red; on 70 dph, silver scales appeared on the abdomen;
on 80 dph, the caps of gills were greatly developed and pelvic fins could be seen. Our observation
described the developmental process of pacific cod and may provide useful data for the future large-scale
artificial breeding.
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