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Effects of Water Temperature on Egg Development, Hatching and Laval
Growth Rearing of the Pacific Cod Gadus macrocephalus

Jeong Yong Lee*, Chae-Sung Lee, Wan Ki Kim, Sang Un Park and Byung Hwa Min
National Fisheries Research and Development Institute, Busan 619-902, Korea

We investigated egg collection and the effects of water temperature (4, 7, 10, 13 and 16°C) on egg development,
hatching and larval growth of Pacific cod Gadus macrocephalus under laboratory conditions. Fertilized eggs were
round in shape (1.01+0.03 cm) and adhesive to nylon nets. Fertilization rate was 68% by wet method. The time
of egg development was negatively proportional to water temperature with the range of 4°C to 13°C. Eggs hatched
only at 7°C after 288 hours of fertilization and 10°C after 192 hours. Hatching rate was highest as 65% at 7°C fol-
lowed by 34.4°C at 10°C. Survival rate was 18.3% at 7°C and 5.2% at 10°C.
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Table 1. The body size and GSI of Pacific cod Gadus macrocephalus

Female Male
Total length (cm) Body weight (g) Gsl Total length (cm) Body weight () GSI
77.5%10.2 5,945.8+£3,095.5 24.3+4.7 73.0£7.7 4,181.3+1,226.5 18.0+7.6

GSI: gonadosomatic index.
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Fig. 1. Morphology of ovary (A) and testis (B) of Pacific cod Gadus
macrocephalus in spawning period. Bar = 10 cm.
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Fig. 2. Relationship between fecundity and total length of Pacific
cod Gadus macrocephalus in Feb., 2007.
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Fig. 3. Egg developmental stages and hatching larva of Pacific cod, Gadus macrocephalus at 10°C. A, 2-cell stage (2 hours); B, 4-cell stage
(5 hours); C, 8-cell stage(6.5 hours); D, 32 cells stage (10 hours); E, morula stage (18 hours); F, gastrula stage (32 hours); G, formation
of embryo (40 hours); H, formation of 6~9 myotomes and Kupffer’s vesicle (48 hours); I, formation of lens and auditory vesicles; J, newly
hatched larva (192 hours); K, 15 days after hatching. Bar = A~Il: 250 um, J~K, 1 mm.

Table 2. Relationships between water temperature and time (hours)
required to each developmental stages from fertilized egg in Pacific cod
Gadus macrocephalus

Water temperature (°C)
Developmental stages 7 7 0 3 6
4-cell 8 7 5 4 3
16-cell 12 10 8 6 5
Morula 48 24 18 12 8
Gastrula 96 72 32 D D
Kupffer’s vesicle 120 96 48 D D
Hatching D 288 192 D D

D, Dead egg.
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Fig. 4. Relationships between water temperature and time (hours)
required to each developmental stages from fertilization in Pacific
cod Gadus macrocephalus.
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Fig. 5. Hatching rate of the fertilized eggs of Pacific cod Gadus
macrocephalus at various water temperatures. Each value represents the
meanzSD. Different letters indicate significant difference (P<0.05).
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Table 3. Size and survival of larva of Pacific cod Gadus macrocephalus at 7°C and 10°C

Total length (mm)

Survival (%)

Days after hatching

7°C 10°C 7°C 10°C
1 4.3+0.3 4.3+0.5 100 100
10 4.840.5 5.4+0.7 88.5+11.6 84.4+9.8
20 5.7+0.8 6.2+1.3 52.1+14.7 42.6+x13.4
30 6.8+1.2 7.1+1.1 30.2+10.2 28.4+7.3
40 7.6£1.4 8.0+1.6 18.316.2" 52421

Each value represents the mean+SD. Asterisk indicates significant difference (P<0.05).
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