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Morphological Development of Eggs and Larvae
of the Pacific Cod, Gadus macrocephalus
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Embryonic and larval developments on Pacific cod, Gadus macrocephalus are described from
laboratory-reared specimens. The eggs (1.075~1.168 mm in diameter) were weakly adhesive,
almost spherical in shape, transparent and unpigmented, showing a pale yellow yolk without
oil globules. Hatching was occurred 220 hrs after fertilization at 9.8°C. The newly hatched
larvae (3.72~4.40 mm in total length, TL) had 43~47 (11~ 13+32~34) myomeres, mouth and
anus which was not yet opened. The yolk was completely absorbed at 4.58 mm TL, and
transformed to postlarval stage. Locations of the anus and second dorsal fin origin, and
distinctive growth of the larvae head were observed at 5.48 mm TL with melanophores in the
gill cover and upper region of the occipital. In addition, melanophores were distinctive in the
ventral region and caudal fin base at 6.88 mm TL. All fins were formed with a complete set of
fin rays having the following counts (D. 3~7-12~14-13~14; A. 13-15) at 11.54 mm TL. Both
lateral line and barbel of lower jaw were observed at 15.07 mm TL.
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o] 5 (Gadus macrocephalus): o] 3-& (Gadiformes),
o 3} (Gadidae), o 74 (Gadus)ell 43l o] {2 -2
vt A3 Hel i, RForE e =73, v,
5 g fEo 2= delavbes vl dEoz B
Az o} AM7tA] 7 d e FxIE YA
o] Zo|t} (Westrheim, 1996). o) 3} (Gadidae) o] F+= A
MARo =z oF 62F0] AAlstx ¢)om (Nelson, 2006),
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R L EEREE B BRI
A F28 ol dols B gkl Wl
T (Eleginus novaga), 435 (Enchelyopus cimbrius),
o] 7 (Gadus macrocephalus), B &] (Theragra chalco-
gramma), ¢ 7| (Lota lota)®] 54 5&ule] «aj#] 9
o} (7], 2005).

2] 271 Qleir] W gl ApA| o] o] EAe)
H el A]= Kamiya (1925)2} Inaba (1931)2] ¥ 117} 9) a7,
Gk ol MAEHE H el HsiME 25 2T3E
23 FEse HA A=) As wHA e 54

(luA&} PEE), 1952; Moiseev, 1953, 1960; Mukhacheva
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and Zviagina, 1960; Thomson, 1963), A<2ke] v]&E
(Tamura, 1952), ¢ "3} xlo]e] AlA} (Forrester,
1964)] glom, it} kel dFoll tidted F A
A4, dixx 9 gEA4 (Alderdice and For-
rester, 1971)¢] & B3 Fo| glut. A, g2viet o
Qkell A A3h= df 7ol His]A= Uchida (1936)7} ¥,
o5A17], o1 D AR} Fol s maaluAl, 3 %
A3t AAo) Ao Rl e dFedT
% (2003)9] 27143 W& wTAb glort BT
RERIES

r.

W7ol 27)43tE B3 sw
3 Aol Wb S)% el

R S I ER P ERI DL
o

22 19 13
z;szga}giguq, -/F%tgﬂ—t— 9.1~10.2°C (% 9.8°C), 4
B 36.6~37.2psu (I 36.8psu), LEAAE 10.2~
11.1 ppm (H 10.7 ppm), 3l $1]=2 1.025~1.028 (H
F 1.026)0]91c} AHS i kol arlel Al of kel a4
£ o9 Aek B4 ssieh
3} F ARS 8.7~11.8°C(HF 9.8°C)F A
dtglon, B3} & 29RE 30U7HA] WA ofF A
iai_li} Chlorella ellipsoideaZ 100%F cell/mL =2 A}
Seol] H7belEa, B3 & 2d3E 5974 = 2E|H,
Brachionus rotundiformisZ 57§ A)/mL, 6 d2E] 407}
A 104AML o4 525 19 23] FFee L)
u]o}, Artemia sp.:= - 234 RE 3BU7HA] 19 2
A PP S P
WRALRE 23 F 2505E dejnlor 3F A 19 3
3 ZFshodch
Aol g WAa] siske] R} AFRE 3
s ¥ 097 A% SxAA Y S0A o) 4hg A
Zl5}ed 10% formalinel] 1A sk} v A A 2 =}
o]o] AlAIlx-e 9lA e K& m| 7 (OLYMPUS TOKYO
256342, Japan)3} w":=%-o37] (Nikon V-12B, Japan)Z
F3) olAe] 7 29lE BANATL 001 mmAA 27

sheiet
z jl_l.
L Fe] e
g F ojuleA] <lgAH oz oo Fxjupe Lol
A% A vehglon, ot HAE 7h PAekol
Z|av} v B

2}
R R EUR E [ A R B )
2 w3lsleich A =7)= 1.075~1.168 mm (3
1.129 mm, n=30)3 o}

2. A
A F 2417 12%6]) Fato] kst B WA )

1

o] FAIF QA (Fig. 1, A), 4A]7F 2880 wjute] 3¢}
FL7E A oleEEe] 2Hl27|= o]d 3t (Fig. 1,

TAIZE 4ol 2M|27]9] FF-Ee] T 3 o] F
FEo} 4 E7]2 o381} (Fig. 1, C). 9417 108
AlzEde] A&Fe] 87|12 o3}t (Fig. 1, D).
10417t 453l &F-57} o F7hsle] 16ME7] 2 |3
som 79 =7|7F vlwH 2bebx o} (Fig. 1, E). 12
AIZE 50%el| 324 Z7]7} H o] 77} el a s
A dE AL E 4 D (Fig. 1, F). 1947k 3530
g7-2] Z7|7} w9 ZelA| 3 A 2] = FThske] A
A7)el 23kt (Fig. 1, G). 27417k 50-¢0)] Fate] A4
Moz zgEo] ujute] A Fo|7} bR Zhaw o]
7)ol DAt (Fig. 1, H). 39417k 2048l wlj Zho]
e Aoz A wigke] g o] gl o]
712 eledslod om (Fig. 1, 1), 51417k 304e] wi<=o]
Agt et Loz WA A=A (Fig. 1, J). 67
AlZE 203 wiAIZ} EEEEA kzrE FAHAT
~87/9] ZAo] yeh A me] Rl Kupperi Z
7b 38Tk (Fig. 1, K). 9442 30%e] ZA57}
34~38M= Z7}3ld A, smoll "M=9) o]x:y) HAE
omn, FRAA ;e]7kA] oF 40479 FA 2T} ¥
a5, me]7} w3l 2e]=7] ARbsled e (Fig. 1, L).
120417k 304 AlAbge] HAAE gl o, wiA] 2] g

Fo]l A77F A AR kA =R 477w
ATt (Fig. 1, M). 164Xt 103 m2]igo] A1As

of mz] Byl o} glglom, kol ALz} P}
7] Alztshel s, mele] whA) mejuls) dekals] Altahed
o, bt gkl A WA graAel £79le] HAH
o} (Fig. 1, N). 1884]3F 3036l =& Fobd 47} 07
S AeAe wglow, BES we By TAsE
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Fig. 1. Developmental stages of fertilized eggs of the Pacific cod, Gadus macrocephalus. Scale bars=1.0 mm. A: Blastodisc
stage, 2 hrs and 12 mins after fertilization; B: 2 cell stage, 4 hrs and 28 mins; C: 4 cell stage, 7 hrs and 46 mins; D: 8
cell stage, 9 hrs and 10 mins; E: 16 cell stage, 10 hrs and 45 mins; F: 32 cell stage, 12 hrs and 50 mins; G: Morula
stage, 19 hrs and 35 mins; H: Blastula stage. 27 hrs and 50 mins; I: Gastrula stage, 39 hrs and 20 mins; J: Embryo
formation, 51 hrs and 30 mins; K: 6 ~8 myotomes stage, appearance of optic vesicles, 67 hrs and 20 mins; L: 15~ 18
myotomes stage, Formation of eye lens, appearance of auditory vesicles, 94 hrs and 30 mins; M: 26 ~29 myotomes
stage, Development of pectoral fin, melanophores appreared on the embryo, 120 hrs and 30mins; N: 34~38
myotomes stage, melanophores apprearance of eye, 164 hrs and 10 mins; O: Guanine pigmentation of eye,
melanophores aggregated distribution of tail and trunk, 188 hrs and 30 mins; P: Hatching 220 hrs and 30 mins.
Scale bars indicate 1.00 mm.

o] AFA oz Jehdd(Fig. 1, 0). 4 F 22047F 3. 7ol Jepitd
ol b ekl A WA ZE A BE AR HA
< H3 v RE R3her] AEekale (Fig. 1, P).

S

B3l A& zlo]= HA} 3.72~4.40 mm (F - 4.03mm,
n=30), A& 3.55~4.25mm (I 3.88 mm, n=30)= ]
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3 ghpel Aol QA gsieh BE 9Re] Gge 7
Az glglow, e B 9% wxuein) Fool 9]
A, §A v, A mn), mel e vy
o2 925 AT wolis FALL} ol o

R, B 7Hea A FAAEE HI YRR 2o
oz FAR 53] 8 ol AFH e, 75
A gn] 7]A 8, A3k AR, 28| me] REelA
FAE o 28-S 43~477) (11~ 13432~ 34)g T} (Fig.
2,A).

13l & 498 AR 4.33~4.79mm (3 F 4.58 mm,
n=30), A A} 4.09~4.62 mm(fﬁ—ﬂ- 4.37mm, n=30)2
o] Aol om, d3e] A FHNUA, LFHte] H
3t=7] Alzbekede) =3k 9o Bv‘;—‘ﬂ rotifer A4]1-& &
A& 4 ek FAAEE 53 W B mE]A =gu]e
A S PAs e, SAAE o] FUlsle] Hevt
HelAE As & 5 ek 2 59 Fdel S1A
3 2l (Fig. 2, B).

H3l F 13U4)= AA 5.04~5.95mm (- 5.48 mm,
n=30), A%} 4.76 ~5.66 mm (7 5.20 mm, n=30)2 &
< v 7hse] FHom S ozt o oz 9F
stdet. MEl7E Axlon BAjE moFe] meE|x|=eju]r}
1= 4 IR EA a5 L MRl ot k=2 ol g e S= S B 42 g )
B Zzke] Argn|zt oA R3EHA ok AL &
Uk TR =gu e} SlA=u|e] 47|17} 333
om, ZTAHL WA ooz A-e] A FHirh o] A
Zlell FAAEE o] 7 SIREI} 7]A
74 Apgel A F7kete] Z3 skl (Fig. 2, C).

nsl & 28944 AA 5.46~8.04 mm (37 6.88 mm,
n=30), A #} 5.21~7.66 mm (¥ 6.60 mm, n=30)% %
Axrgu)et A =gu)7} £31517] A 2Fsls] e, SA
2ZE F TR vl F3 meE|Rn] 7] Hef A
Z7F sk 43 wElrt oS Ao AFS Ao
Ak el S sk litk (Fig. 2, D).

H3l & 5494 A} 8.20~15.92mm (FF 11.54
mm, n=30), & 7.48~14.61 mm (37 10.75 mm,
n=30)Z 7HA 7t Z7] ztel7t A AL £ & U+
o] Al7ell= M AE EZ HAF oS WA A
3, R =Yu|rh 2AEgew, b A =gu] widh £7]
7} AL A == 3~ 77, Al25A =2jv]& 12~1471,
A3EA =2 13~ 147, A1 A =2ju|&= 137), A2
A =2n)= 15749 2717 HEE . > SR =
gu] vp= skell $1A]3 %k (Fig. 2, E).

nsl F 68U = A 12.80~19.68 mm (HF 15.07
mm, n=30), A& 11.70~18.08 mm (I F 14.69 mm,
n=30)% 37§2] FA|=2n|e} 27)¢] A7} A

|

ol

4 o w

= 9

3 waksle] 99w, S L ok € vlel, 5ol
ByolAl Ak Fh o, FelA) P Boz wA ¥
253 QQem, 2Ao] By AT o A7)
o W7o ol ole] B Hlon, B4 FHx
oba) v skt (Fig. 2, F).
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Fig. 2. Morphological development of larva of the Pacific
cod, Gadus macrocephalus. A: Newly hatched
larvae, 3.72~4.40 mm (mean 4.03 mm, n=30) in
total length (TL), 1 days after hatching (DAH); B:
4.33~4.79 mm (mean 4.58 mm, n=30) in TL, 4
DAH; C: 5.04~5.95 mm (mean 5.48 mm, n=30) in
TL, 13 DAH; D: 5.46~8.04 mm (mean 6.88 mm,
n=30) in TL, 28 DAH; E: 8.20~15.92 mm (mean
11.54 mm, n=30) in TL, 54 DAH; F: 12.80~19.68
mm (mean 15.07 mm, n=30) in TL, 68 DAH. Scale
bars indicate 1.00 mm.
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ARl Absk 33 o7 SRS dte] £
A st A A

X 73} T} (Uchida, 1936). &
A9 &4 ¥]E= 1.025~1.028 (F 1.026)°| A A
gho] A7sk A} 7 A7 B]Fo] 1.049 (Tamura,
1952)9} 1.052 (1A} PH[E, 1952)9] AL

A7 B Fe] 1.026 o]AFe] Al Ao F
f&%i, 2 s =zs) o} WG] YHe] A A
doz Aol P F, K3} 2 Ao

BaEde (Gl 1918).

A2 =7]%= Uchida (1936)7} Asutel A 235t
9 Aojo| A e SAeho] 1.25~1.30 mm= R 3t
A} B AT 1.08~1.17mmE °Fzke] zpol7} 9l
™ (2003)°] A= dA|FHon, 2 3 =T ol A2
e A7 AR H3F 1.60mm (AU)1], 1918)e) W]
g zpol7k v oz yebgt 3 d# Notodgh
)+ 4A= 0.98~1.11 mm (Kamiya, 1925)9} o4&
Mutsu Bay2] 0.98~1.08 mm (Inaba, 1931)2}= §-A}3F
Aoz vepgd. 3, A AN {771 E)lE
A ¢k& 712 Uchida (1936)2} Moiseev (1953)2] 2 }2}
A sl om, e o3} (Gadidae)o] %3l el
(Theragra chalcogramma)7} WA z7]e)| n)438 §-17}
5~670 b Hell 2AlE A Aol BT (A,
1981).

AR Aol w2 WA= B AN 4 F 51
30% A3} & 3AIx] 9l A4 Uchida (1936)+ 5~8°C

ol A 72A1zke] Q¥ Ty B sl umw} 74 [i]
(1952)= FHF A4 7.4°CoAM A4 & 64A A=
@A, TR ol FS), Kupperxl 2 E3d, 1044 A7
uhs, 1194 7hEA =2ln] 47]5 gelste] M A o
UAA B AFZAA} 3~6Y A= Afo]E B UgE
9} Kupper® 2 75A|17F A <913t = (2003)¢] 72 3}9}

7ol AL Aoz velyttl =3 Uchida (1936)=
1Abg2 =2 F37t &l A7]el ds) 27t 168

A7k} 2404 7ko 2 B yE wbE, 2 AlFe A 1204

30237 164A)7F 1080] £8FH o] AgHoz #HS
AlZro] A F et ANA R3] Lo EHE 712
E A ME 42 9~10°CollM 1092 =T,
ol A utell A AT W Foll A FATE Ao T
Aol = 40 o3FS FAFSH |14 (1939)7} 4
9.9°Col| A 9.7U%} 10392 Rw3 A} wje 2 UxX
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331, 8~9°Col A B71A] 11ele] Led 7 (2003)9)
Aol zbe]7) g)sdv) 8k, Uchida (1936)% =gt
Wl A 71 e 48el 40~55ColA HF71A
18~209), AFRE27]] Aa AR el 6~9°C
A 12~1490] Lednhn wusgon, ok
A%(1939)¢] ZApel® A A3 gt gk, U2 Notosd
ol A BT SR B3 28 dFE S
2 7.0~14.0°ColA] 9Y (Kamiya, 1925), Mutsu Bay<]
7 6.3~7.0°CollA] 10< (Inaba, 1931)0] A Q%=
Aos epdeh o Apel A ~d@ WAl 2
Qe VAL Az AAs el met 2Fol7h g A
Aska QUek ASh Lk (1939 BT AHSSE 10°C
ool M ool rom 7| ge] ¥, 4°C olsfol
AE A¥Ee] ¥ed naside ARgos YT 4
Qo] 3a} A4 Walgol ¥, )H gl WA
Ehd 5~9°C7} Aainl, 53] 6~7°C7h FhA Aa
3 BuEgeh o) Asutel A W3 AkE3)fo FA
71¢l 199 Asut FF $20] 7.6~9.4°Cel A= 2
UX| g} (7] 2007). 2 AFoM = HF52 9.8°Coll A
F3hge] 71%2 vl A Jebdddh ol9f e A3}
o} v d AL Asntozr AR Fee o 7o A
e o, £ Y7 o B B o7 Ales|
o= WA #7le] gl& AR Atugh

3} A& zeje] AR E dFelA] 3.72~4.40 mm
9l Wk, Uchida (1936)7} 3.6 mm, [l 4x2} FE[7] (1952)7}
3.7~4.0mm, 9 (2003)0] 4.2~4.6mm= R us}e] A<
FARE AR vehlgdeh 2o e s &3
geje) 38 A% AL 51~6.2mm (4 H
h, 1086)2 |9} FfolF ek BT HslHole)
Jolekar & 4+ 9= FALEA FReAlv] 71A
A3 AR T3 meE] el IHEE ] Uchida
(1936)9} il (1988)°] At} 2 dAFAH. H4 2
Hth(1986) o7 B3lzjo]e] AAIZ 11+30=41%
nwsle ® AATR o7 A3, Weje] 547
(Uchida, 1936)¢}= 2 z}o]= moc}.

iAo} PolE (1952)F #3531 5 5da) Fsbo] #AF)
F4H9T, ol o)1, asge] ¥3hEy] Azshe
e Folalda, 2 A7l E B3 34U &3
stedeh. ¥3 5 4QA Aolol: Aol HAHge
9, ol Sk (1993)2] Azsh QAsech w1k
o) Tl 1952)% 8 F 1494 HAw) Fo @
PR en] WEe wasdd, ® AFelNe 2
5 1397 HAse] A1 Ashe ehieh

Aol AL |lksh FE (19520 23 F 55
AR} 50~5.2mm, 1004 52~55mm 123 1595
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L3

5.7~6.0mme} SAFEHA veERT) 3, B3 & 284
ol A Aol 6.6 mmel| 3l HElE 6°ColA F
d 7|7+ ARS8 A], 7.3 mm (Porter and Theilacker, 1999)
I8]3 5.2~6.8°C2] 7%, A|A 7.6 mm (Oozeki and
Bailey, 1005)¢] @3 7% W22 olf9lch 33} F
54903 7t 7| nejn] 2717} Aol LT, el F
A5 wehson, ok 33 F 504 WA 12.6 mmel
Yo F, FALE 0 B 1986)9] sl Garalel
o 23} ¥ e8dsl WF A oF 15mmel T o} 7
%7 Aolsh Apg4e sacelA 3t F 69A AT
38 mmel] 23t 2] AAF(Bailey and Stehr, 1986)2
Alm o) 2 Tol &3 U84 ol FAT A Trche
He 2px|o] AAbe] Aoz whE Ao] FlF i

A
Fo

20059 19 119 A AAA A=2m gxze] dgte
N sgoz oRH A% 9T Aol (WA A4 685
cm, $70: 174 635em)E ol §3te] Amre] oz

+4e B 4ARE A F
& WA G B 27

RS O—F

o] BEAL Zt3 siglar, 732 1.075~1.168 mm (4
o
=3

o
=

A

=

42 9.1~10.2 C(-ﬂ-rr 9.8 C)°ﬂ A A F 2204
ZF 308 wiA|7} AEHA FEAEA F3kstr] A1zt
3ot

B3} 2% xjole] AL 3.72~4.40mm, <& 43~
4770 (11~13+32~34) 2 3} e A7 A &t
oh 3 Hd AA(o]3 ZA) 4.58 mmol| A A9
4 Holen, F7|xte 2 o|Y 3} rh. SA =gn| I
Al=gu]e] Y7]E AR 5.48mmellA E3 gl o,
7 6.88mmol|A] T A =ju|r} B3}s}l7] A|2bErgl
A AxE B TR v F3 mEjx=gu] 7]HR
ol A #7%}%5}- TR =u)= AR 11.54 mmejl A A
A= 3, 7+ Axgeeie £7)7F 2§ AATHD.
3~7-12~14-13~14; A. 13-15). 23} o F =849
ol 8] 49 A4 15.07 mmol| A EHelE 9o}

LS ol

Jl

A A}

PR 2|9l 20069 % SAHEH T

Slshe] A 9= g1

°] =
oll

Tk

22 3
AT 2003 AAS] w8 SR, DRAFATAL
gl 1981 A ol A £ AL 5

A4 H & 0% - o] 4F - WA - 11X Q. 2005, 9
A&

AgE=ol {24k ;AL pp. 615.

AR - A7) - D - A - FHR - AR - A
2
)

- o] - Fe-A. 2007, A el AbEFebe o T

(Gadus mcrocephalus)e] EA1-1 9| A& 2AL 3H=5Ak3}
233 FEsteti3] d= 2 xA. pp. 389.
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