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Effects of various temperature-salinity conditions on post embryonic-hatching process of Saffron cod (Eleginus gracilis)
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The post embryonic-hatching process of saffron cod Eleginus gracilis was examined at 28 different temperature-salinity
conditions ranging from -1.3 to 3.3C and from 10 to 33%o. Our results indicate that the relationship between temperature and
the number of days to 50% hatching was exponential. The hatching process observed at constant conditions (< 0C , 32~35%o)
as well as increasing temperatures (1.3~3.3C) or decreasing salinities (10~20%o) indicate that the advanced developmental
stages were acclimated to higher temperatures rather than salinity dilution. Complete yolk absorption of hatched larva occurred
within 19 days at 1C and 13 days at 3C. Artificially fertilized eggs incubated in suspended basket and transplantation in
Lake Saroma, developed up to stage IV~V in 43~51 days in the beginning of March, and up to stage V in 66 days by late
March. Natural water temperature gradually increased from below zero and abruptly reached around 3C in the middle of
April. Their normal hatching period was supposed to 80 to 100 days. Laboratory analysis and field results indicate that
increase in water temperature triggers early hatching of saffron cod and occurs simultaneously with melting of ice.
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Fig.1 Sampling and experiment stations in Lake Saroma.
: Sampling stations (Set net)
: Water temperature, salinity and current meters

: Experiment station (incubation baskets st. 2)
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: Experiment station (transplantation st.1 and 2)
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Fig.2 Devices of captive experiment in Faculty of Fisheries
Hokkaido University.
Water and cooling bath were covered by styrofoam
board to keep the stable water temperature.
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Fig.3 Summary of experimental method for temperature-salinity combinations.

Table 1 The conditions and results of the experiments to find the relation between saffron cod hatching and temperature
salinity relationships. Salinity was measured by hydrometer.

Acclimated Acclimated No. of No. of Integrated  Days for 50% hatch
Sample & Stage Temp. Sal.(%o) eggs hatching hatching from acclimation
(range) rate(%) (from fertilization)
Sample A 33.7 417 131 314 34(96)
v -1.3 19.7 407 249 61.8 47(109)
(-1.7~-0.4) 9.4 391 1 0.3 -
34.4 406 317 78.1 13(75)
v 1.3 34.2 360 311 86.4 14(76)
(0.8~2.4) 22.5 442 334 75.6 13(75)
12.0 404 334 82.7 15(77)
329 417 304 72.9 8(70)
\Y% 33 324 435 409 94.0 6(68)
(2.0~4.7) 20.8 411 74 18.0 8(70)
11.7 403 271 67.2 7(69)
Sample B 33.8 424 2 0.5 -
33.6 399 116 29.1 38(96)
Vv~V -1.3 19.4 417 212 50.8 58(114)
(-1.7~-0.4) 20.3 395 256 64.8 49(105)
10.3 430 323 75.1 43(109)
34.8 415 134 323 21(77)
33.2 394 213 54.1 21(77)
Vv~V 1.3 22.0 415 186 44.8 22(78)
(0.8~2.4) 21.2 405 129 31.9 21(77)
11.6 432 225 52.1 22(78)
25 429 0 0 -
334 406 267 65.8 14(70)
33.7 398 182 45.7 14(70)
Vv~V 33 21.4 451 232 51.4 14(70)
(2.4~4.7) 21.1 408 276 67.6 16(72)
11.2 403 225 55.8 14(70)

2.3 410 0 0 -
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Fig.4 Photograph of 1L beakers in cooling bath. Liquid in
cooling bath is automobile engine coolant.
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Fig.5 Basket used for incubation experiment at Lake
Saroma.
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Fig.6 Sampling method of fertilized eggs sucked up by
aeration in a suction hose.
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Table 2 Summary of hatching and temperature for 50%
hatching. Salinity was measured by hydrometer.

Experimental Mean temp. from Salinit Days for
o fertization to 50% %0 Yo 50%
hatching ” hatching
-1.3 33.7 96
This stud:
. 1.3 33.6 96
-0.2 80
-0.4 72
0.3 73
0.0 76
Chen et al. 0.0 32.0~ 73
2018 ' 34.0
2.0 50
2.0 55
4.0 39
4.0 43
4.0C 2 0.0°C -1.3C
Vi
v
v @ : Chen et al., 2018
x A : This study
I 32~35%
I
0 2 3 40 S 60 70 8 9 100
Days after fertilization
Fig.7 Relation between the embryonic developmental stages
and the days after fertilization at different temperature
conditions at 32~35%.. stage I : Gastrula, II
Appearance of optic vesicle, Il : Embryo at the yolk
circumference, IV : Appearance of pigments, V :
Head height as the radius of egg, VI : 1st hatching, VI
: 50% hatching, Salinity was measured by hydrometer.
100
D=75.06e-017
D : Days for 50% hatching
_g T : Water temperature
H r=0.965
E ® : Chenetfal.. 2018
* . A : This study
3 32~35%0
]
3 %
3
]
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Water temp('C)

Fig.8 Relation between water temperature and time in days
required for 50% hatching.
Salinity was measured by hydrometer.
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Fig.9 Larvae just after hatching, which was triggered with

increasing temperature by strong light under

microscope.
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Fig.10 Changes in the size of yolk sac with the lapse of time
after hatching at 1 and 3C and at 32~35%o. Salinity
was measured by hydrometer.
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Fig.11 The hatching process of eggs incubated at a constant condition (below 0C , 32~35%o) to higher temperature or lower
salinities. The each arrow line and broken arrow line indicate temperature and salinity acclimation. The eggs were about
stage V (A) and stage IV(B) when acclimated. * :No acclimation. Numbers in the parenthesis indicate incubation days.

Salinity was measured by hydrometer.
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Fig.12 Comparison between hatching rates of “A” eggs and
“B” eggs within the same temperature-salinity
conditions. Salinity was measured by hydrometer.
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Fig.13 Daily changes of temperature and salinity in Lake Saroma from Dec.1987 to Apr.1988.
Dots indicate investigation of artificially fertilized eggs.
1: Setting of the baskets and transplantation. 2 and 3:Sampling from the basket and bottom. 4:The end of the

investigation. Salinity was measured by electric conductivity.
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(Fig.14), 1H11H25 26H £ TOMM T ICER D720
DPBRELAT o T2AER, TR TOREEARD HIZ5EHR

A:transplantation, B:incubation baskets

Method Measured Percentof Datesof Incubation Observed
and st. materials fertilization  testing  period(day) stage
Not Not
A-1(st.1) Jan.13-Mar.3 51 stage IV~V
measured measured
A-2(st.2) 311 84.1 Jan.21-Mar.3 43 stage IV~V
B-1(st.2) 375 88.3 Jan.16-Mar.3 48 stage IV~V
B-2(st.2) 341 86.9  Jan.19-Mar.24 66 stage V
Eggs or larvae
B-2(st.2) Jan.19-Apr.27 100

were not found

ik & HEINER DR & > T 7zo

ARG TlE, fFFEERIZ X o TKIE &I 5EE, 51b
FHROFHE, 2512, INBEBNOINIER 4 2l ED
WL KR EEGOELE S 2T, HLETORIZ,
ED &9 ki L ALY T# R DO h ATz Rk
(BE5, 2018) DHEERE A b TS0%HTESLLH B &k
MmOBRAASE X S, FENL DAMHEATZERITEK
B EAOREL T THEMEE SN T VI EbHh



R Lake Notoro Jan.11

Lake Saroma Jan.18

Fig.14 Matured ratio of saffron cod captured from Lake
Notoro and Lake Saroma in 1988. I M:Immature
stage, M:Mauration stage, R:Ripe stage, S:Spent
stage.
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