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Outline of our presentation 
 

1. Why will the walleye pollock be called “Gadus chalcogramma”,   

      not “Theragra”? 

 

2. Comparison of reproductive characteristics among gadid fishes 

 

3. Reproductive characteristics of Pacific gadid fishes related to   

     physical condition of spawning grounds 

 

4. Why did walleye pollock  decrease in the  southern coast  water  

    along Korea and Japan? 

 

5. Recent studies on their early life stages at different  

    environmental conditions such as those experienced during  

    climate regime shifts and global warming 



Atlantic gadid fish 
Pacific gadid fish including 
Arctic Ocean 

Walleye pollock 

Pacific cod 

Arctic cod Saffron cod 



（Coulson, 2006） 

(Teletchea et al, 2006) 

Why will the walleye pollock be called “Gadus chalcogramma”, not “Theragra”? 

New classification of the 
Gadidae based on their 
morphology and phylogenetic 
analysis 

（Grant et al, 2010） 



Comparison of reproductive characteristics among gadid fish 

Atlantic cod 
G. morhua 

Arctic cod 
B. saida 

Walleye pollock 
T. chalcogramma 

Haddock 
M. aeglefinus 

Pacific cod 
G. macrocephalus 

Saffron  cod 
E. gracilis 

Brawn (1961) Hawkins et al (1967) 
Hislop et al (1978) 

Sakurai (1989) Sakurai et al 
 (1998) 

Sakurai & Hattori 
(1996) 

Chen et al (2008) 

Pelagic and separable egg Demersal and week adhesive egg 

Multiple spawning Single spawning 

Single-pair, ventral mounting, 
midwater spawner 

Maybe, single-pair; 
spawning is not 

confirmed 

Single-pair; 
following, bentho-

pelagic spawner 

A few males to 
one female; 

following, bottom 
spawner 

Sound production by male 
during mating  

No sound production by male 
during mating 

Sound production is 
not confirmed   

: confirmed by the previous studies 



Spawning behavior 

Atlantic cod Pacific cod 

walleye 

pollock 

Spawning behavior of Pacific cod 
in captivity.  

             (Sakurai & Hattori, 1996)  (Sakurai, 1983) 



(Sakurai,2007) 

Schematic illustration of spawning strategy and reproductive characteristics of Pacific 

cod and walleye pollock. (Sakurai, 1989; Sakurai & Hattori, 1996)  





Schematic illustration of spawning strategy of Arctic cod and saffron cod 
(after Sakurai et al, 1996; Chen et al, 2008 ) 



1. Normal egg development occurs at temperature below 3.0 oC , and at salinities 

between 32 and 41.  

2.  Embryos can survive and develop under the ice below 0oC and highly saline.  

3. Hatching larvae can survive under the widely fluctuated salinities after ice melting. 
Sakurai et al. (1998) 

Reproduction and early life stage of Arctic cod   



Do temperature and salinity of sea surface layer have a 

threshold values to survivals during the early life stages of 

walleye pollock and Arctic cod?  

？



Walleye pollock 

Why did walleye pollock  decrease in the  

southern coast  water along Korea and Japan? 



Distribution and spawning grounds of walleye pollock, Gadus 

(Theragra） chalcogramma, Pallas 

メニュー
１．タラ科魚類の中でのスケトウダラの位置づけ
２．

主産卵場
Spawning 

grounds 



 
Average – 4,0 mill.MT 

Walleye pollock landings by regions, thous.MT  
(Blatov, 2014) 



Walleye pollock catch in the Eastern/Japan Sea, 

thous.MT (Blatov,2104)   

Source: Fadeev, Wespestad, 2001; FAO,2011, Makino, pers. comm. 

Average - 441 



The east coast stocks of Japan and Korea were 
decreasing after the late 1980s regime shift from 
cool to warm regime! 
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      Low  (0 - 4%)    :  -1, 0 oC 
      High (78-95%)  :   2-9  oC  
     

 

Temp (oC) 

Salinity 
 Normal Hatching Rate 

Rate 

No clear difference among  

    the salinities except 11oC 

Water mass with < 2oC is  

unfavorable condition for the  

hatching 

Normal hatching is controlled by 

temperature rather than salinity  

Ratios of  normal and abnormal hatch of walleye pollock at the 
different temperature and salinity in the captive experiment. 

HK Yoo, in review 



  Survival rate of larvae=number of larvae/number of 
eggsｘ100 

(at each sampling station) 
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Larvae  

95．6% 

2oC < SST< 8oC 

SST(oC) (Suzaki et al., 

2002) 





Laboratory studies on the 
response of walleye pollock eggs 

and larvae to temperature 
changes  

Hae-Kyun Yoo, Jun Yamamoto, Yasunori Sakurai 



Rearing  of the adults 
• 10 ton tank 
• temperature 5oC 
• salinity 33 

Collection of the natural spawned eggs 

Materials and methods: 
Collect the eggs 



40cm 

6cm 

Salinity 48 
550ml 

Salinity 18 
550ml 

Magnetic  
stirrer 

Peristaltic 
pump 

35cm 

Low salinity High salinity 

8cm 8cm 

20cm 

Density gravity column (Coombs, 1981)  

Temperature : 5oC 
Density floats : Martin Instrument Company 
Salinity, top/bottom : 18.0/48.0 

Filtered seawater  

Materials and methods: Experiment 1 
Density (σt) of egg during development 



• 20 fertilized eggs were 
gently inserted from the 
top of the column  

• The eggs were 
compared with the 
positions of four density 
floats of  known specific 
gravity 

Materials and methods: Experiment 1 
Density (σt) of egg during development 
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Days after fertilization 

sea water  

5℃, salinity 33, σt 26.09 

The density ranged from 20.0 – 23.9 (σt), and slightly increased from stage 1 through stage 13 

Stage 1 Stage 11 Stage 13 Stage 16 Stage 19 

Coastal Oyashio  

1-2℃, salinity 31.5-32, σt 25.168-25.634 

Eggs are exposed to the surface cold water in the early developmental stage. 
But, eggs resist cold water after morula stage (Nakatani and Maeda 1984)  

Results: Experiment 1 
Density (σt) of egg during development 



Temp.1  

Temp.2  

partition 

Materials and methods: Experiment 3 
Thermocline tank system  

Control      

Low temp. 

Low temp. 



ice 

salinity 
31.5 

salinity 
31.5 

salinity 
33.0 

Peristaltic 
pump 

salinity 
33.0 

Flexible capillary tube 

Generation for thermoclines 

filtered seawater 

Materials and methods: Experiment 3 
Thermocline tank system  



Results: Experiment 3Yolk sac larvae (<1day to 15 days) 
Temperature (℃)

S.L. 4.613 ± 0.38mm

σt 21.72 ± 0.87

S.L. 4.704 ±0.37mm

σt 22.35 ±0.91

σt 26.405

σt 25.202

Upper>middle=lower

Upper>lower>middle

X2-test, Ryan`s method, p<0.01

X2-test, Ryan`s method, p<0.01

n:
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H
e
ig

h
t 

(㎝
)

1.5℃

5.0℃

1.5℃

5.0℃
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Time

4.79±0.24mm  (mean±SD)

Fig.3. [control experiment] 

Larvae have difficulty swimming 

probably due to the large yolk sac. 

While some larvae occurred in the 

mid and bottom of the water 

column, most occurred near the 

surface.

cm

5.2℃
(33psu)

5.1℃
(33psu)

5.2℃

5.1℃

<1 day old

4.24±0.13mm (mean±SD) 

Fig.4. Larvae occurred near  the 

surface above warmer water.

cm

5.7℃
(31psu)

5.1℃
(33psu)

5.8℃

9.7℃

<1 day old

4.82±0.19mm (mean±SD)

Fig.5. Some larvae occurred in the 

warm water and under the warm 

water, presumably larvae avoided 

the warm water.

cm

5.6℃
(33psu)

5.0℃
(33psu)

10.0℃

5.0℃

1day old

5.25±0.14mm (mean±SD)

Fig.10. Extremely warm water 

occurred over cold water, larvae 

avoided  the warm and cold water, 

and concentrated in the 

thermocline.
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5.0℃
(33psu)

15.0℃

2.3℃

18days old

n=10

cm

cm

cm

cm

Temperature(℃)

n : 1 3 5 7 10

larvae≤1 day old 

showed less vertical 

change than older 

larvae 

larvae≤15 days old 

avoided warm and cold 

water, and selected 

near the thermocline 



An example of captive walleye pollock studies; 
• Eggs are exposed to cold or warm surface water in their 

early developmental stages 

• Lower (<2oC)  and higher (>10-12oC) water temperature 
was unfavorable condition for the larval survival 

• ≤1day old larvae indicated less vertical change than 
older larvae 

• As the larvae developed, and yolk-sac absorbed, the 
larvae were able to alter their position in the water 
column, which allowed them to avoid unfavorable 
temperatures. 

• We need more information on their early 
life stages of gadid fishes at different  
environmental conditions such as those 
experienced during  climate regime shifts 
and global warming 

Summary  



Photo by Haruuna Ueki, Off Rausu 

Thank you for your attention 


