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Embryonic development and hatching process of saffron cod (Eleginus gracilis) were studied in their artificially fertilized
eggs at water temperatures and salinity conditions. Eggs were incubated in plastic containers placed in water tanks with
natural running water. Eggs failed to develop at temperature above 6°C and salinity below 8.2 in salinity. at all examined
conditions. Deformed development and low hatching rate were observed at 4C and 13~20 in salinity. These results indicate
that the optimum temperature for normal embryonic development and hatching could be below 2°C with 20~25 in salinity.
Embryonic development was divided into 7 stages from gastrula to 50% hatching at 2C . At 2°C , hatched larvae’s yolk was
completely absorbed in two weeks. Most of the hatched larvae were normally developed and a few individuals opened their
mouth just after hatching. It was confirmed that saffron cod had advanced morphogenesis at the time of hatching. Despite of
normal development of eggs, their hatching rates were extremely low around 3 0% with gradually increasing water
temperature. Natural water temperature and salinity levels in Lake Akkeshi during winter to spring period showed that
environmental conditions were extremely stable until melting ice.
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Fig.1 Map of study area showing sampling stations(circles).
Triangle indicates the Akkeshi Fisheries Cooperative.
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Table 1 Summary of egg survival experiment at various temperatures and salinities during egg development in 1987.
. The condition in Temperature o Number of rearl.ng
Exp. Section mean(range) Salinity vessels and starting
water baths A
(C) dates.
0.2 Jan.24(A) (B)
No regulation (-1.1~4.4) )
. . 32.0~35.0
Relationship between  (natural water flow) 0.7 Feb.1(A)
temperature and (-0.8~4.4) :
survival. 2.0+0.2 Jan. 24(A) (B)
(In 200L containers) Maintained by 4.0+0.2 32.0~35.0 Feb.1(A) (B)
thermoregulator 6.0£0.2 : : Jan. 24(A) (B)
8.0+0.2 Jan. 24(A) (B)
32.3~32.6 Jan. 18(A)
Relationship between No regulation (natural 25.3~26.0 Jan. 18(A)
salinity and survival (In g ater flow) 0.5 (-0.8~4.4) 19.7~19.9 Jan. 18(A)
1000L container) W W 13.3~13.5 Jan. 18(A)
8.2 Jan. 18(A)

A: 10L container

B: 5L container
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Fig.2 Embryonic developmental stages and hatched larvae at 2°C . Roman and Greece numbers indicate days after fertilization

and developmental stages.
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Table 2 Body length(mm) of newly hatched saffron cod
larvae at various incubated conditions

Incubation temp. No. of Body length(mm)
C and sal. larvae  mean S.D. range
0.2(-1.1~4.4)
31~33 33 5.51 0.09 5.30~5.65
43 5.65 0.20 5.22~6.04
0.7(-0.8~4.4)
31~33
78 5.82 0.18 5.39~6.15
0.5(-0.8~3.8)
25.3~26.0 78 5.77 0.20 5.39~6.23
2.0+0.2(*)
31~33 59 5.39 0.13 5.07~5.78

(*): Maintained at 2°C by thermostat.
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Fig.3 (A)Normally hatched larvae. (A-1) Larvae’s with
closed mouth. (A-2) Larvae with opened mouth. (B)
Abnormally hatched larvae at 4C .
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Fig.4 Relation between the embryonic developmental stages
and the days after fertilization at different temperature
conditions at 32~35 in salinity.

I : Gastrula, II : Appearance of optic vesicle, Il : Embryo
at the yolk circumference, IV: Appearance of pigments
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Fig.5 Relationship between egg survival rates and the days
after fertilization at different water temperatures.
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Fig.6 Water temperature during experiment and hatching at non-regulated water flow.
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Fig.7 Relationship between egg survival rates and the days
after fertilization at different salinities.
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Table 3 Water temperature and salinity in Lake Akkeshi
during experiment in 1987

Felb:.e:i(:irp. Wateg(”:l" emp. Salinity Stations
Feb. 2 -1.7 31.0 Hole in ice
Feb. 7 -1.7 27.2 Hole in ice
Feb. 10 -1.7 29.3 Hole in ice
Feb. 13 -1.8 315 Hole in ice
Feb. 20 missing 31.2 Hole in ice
Mar. 5 -1.7 304 Hole in ice
Mar. 5 -1.5 30.3 Ice free area
Mar. 8 -0.7 28.9 Ice free area *)

Mar. 15 0.1 31.9 Ice free area
Mar. 17 -0.4 27.7 Ice free area
Mar. 21 -0.1 26.1 Ice free area **)
Mar. 24 0.2 14.6 Ice free area *)
Mar. 25 0.6 30.0 Ice free area
Mar. 26 1.6 234 Ice free area
Mar. 27 1.3 23.1 Ice free area
Apr. 2 0.4 28.1 Ice free area
Apr. 5 2.6 28.1 Ice free area
Apr. 6 3.0 27.0 Ice free area
Apr.7 1.1 30.7 Ice free area
Apr.9 2.5 29.5 Ice free area
Apr. 12 2.0 28.7 Ice free area
Apr. 14 1.1 30.7 Ice free area
Apr. 15 2.5 29.5 Ice free area
Apr. 17 2.0 28.7 Ice free area

*) Stormy weather
™) Heavy rain
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Fig.8 Comparison of 50% hatching days of saffron cod and
walleye pollock at 2 C and ratios of number of days
required to reach at each stages. A: Closure of blastopore,
B: Formation of lens, C: Pulsation of heart, D:50%
hatch.
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