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Egg Development and Juvenile Growth of the Pacific Cod
Gadus macrocephalus (Korean East Sea Population)

Young Seok SEO*, Mu Eok PARK, Jin Gak KiM and Sang Uk LEE
Gyeongsangbukdo Fisheries Resources Development Institute, Yeongdeok 766-852, Korea

Egg development and juvenile growth of the Pacific cod Gadus macrocephalus (Korean East Sea Population)
were studied to increase fry production using mass cultivation. The eggs were rectangular and adhesive
sinking type. The egg size and fertilization rate were 1.01-1.09 mm and 72.4%, respectively. The cumulative
times for egg hatching at 3, 6, 9, and 12C were 600, 360, 240, and 192 hrs, respectively. The hatching
rates at 3, 6, 9, and 12°C were 60.2, 68.9, 62.5, and 40.6%, respectively. After 11, 45, and 90 days, the
larvae grew to a total length of 5.46-5.99, 9.42-10.06, and 23.0-32.0 mm, respectively. At 100 days from
hatching, they grew to an average of 30 mm with a 7.1% survival rate. By 312 days, juveniles with a
total length of 3.6 cm grew to a total length of 14.7-20.1 cm and a body weight of 38.4-73.9 g. The specific
growth rates of total length and body weight of the juveniles were 0.50% and 1.12%, respectively.
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SGRL (%)= {[In final mean length (cm)-In initial mean length
(cm)]/rearing days}x100.

SGRW(%)= {[In final mean body wt (g)-In initial mean body
wt (g)]/rearing days}x100.
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Fig. 1. Egg cleavage and embryonic development of the Pacific cod G. macrocephalus at water temperature of 9+0.5C.
A, fertilized egg (1.03 mm); B, formation of germ band; C, 2cells stage (3.5 hr); D, 4 cells stage (6 hr); E, 8 cells stage
(8 hr); F, morula stage (14 hr); G, blastula stage (26 hr); H, gastrula stage (50 hr); I, formation of embryo (72 hr); J, Kupffer's
vesicle (96 hr); K, heart beat (144 hr); L, appearance of melanophore on the eye (192 hr); M, just before hatching (240

hr); N, newly-hatched larva (4.1 mm). Scale bar: 500 z#m.

96A 1ol ol X9 FEMNE, ZTHo] FAEH ] AEHon,
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Table 1. Comparison of time to reach distinguished de-
velopmental stage after fertilization of the Pacific cod G.
macrocephalus by the raise of water temperature

Water temperature (°C)

Developmental stage

3 6 9 12 15
4-cell 9 7 6 5 Dead
Morula 27 18 14 12 "
Formation of embryo 168 96 72 60 ”
Heart beat 360 216 144 120 "
Hatching 600 360 240 192 ”
Hatching rate (%) 60.2 689 625 406 "

EF T BT Fof Aol Y= A g} 2
B3EL 3CAMAE 602%, 6CAXNE 68.9%, 9CAME
62.5%, 12CA X 406%= Vel o] 6TCollN 71 E& 53
&8 YR 013 A3 ado g YehidS o, 5
28 &= 08544 BAE JeElAY (Fig. 2). Fig.
2004 X552 &, Y& Alte] 958 Yehlz gloy,
O|ZRE Aol £ (T: Ty} T4 @AM 292 ATt hr)
o FAAL 4MET] (4 cel)o A 1/t=0.0097T+0.0825 (r’=
0.9963), A7 (morula) W 1/t=0.0052T+0.0231 (=
0.9909), Y] A& 23 7] (formation of embryo)ol| = 1/t=0.0012T+
0.0028 ("=0.9888), 4144157 (heart beat)ol| &= 1/t=0.0006T+
0.0009 (r'=0.9917), %812} 7] (hatching)o| & 1/t=0.0004T+
0.0005 ('=0.9971)Z YElstth o5 #AAYS 7|2E YZ
#*ol 0 W 3 ARA ] XZd FHdle= 52, & U7 27
Aol glojA] it Aol AAe= AETE AT (biological
minimum temperature)= Hd -3.6CZE A EH A}
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Fig. 2. Relationships between water temperature and time
required to each development stage after fertilization of
Pacific cod, G. macrocephalus. T, water temperature; t, hour.
S¥mbol @ represents 4-cell stage by 1/t=0.0097T+0.0825
(r'=0.9963), O represents morula by 1/t=0.0052T+0.0231
(r2=0.9909), [ represents formation of embryo by 1/t=
0.0012T+0.0028 (r"=0.9888), @ represents heart beat by
1/t=0.0006T +0.0009 (r2=0.9917), and <O represents hatch-
ing by 1/t=0.0004T+0.0005 (r’=0.9971).
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Fig 3. Changes of water temperature and growth in length
of the Pacific cod G. macrocephalus for 90 days after
hatching.
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Fig 4. Growth in length and body weight of the Pacific cod
G. macrocephalus during the experimental period.
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