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Catch

• Catch amount of this species has large fluctuations. 
• The maximum catch size of Tsushima Current stock was 

1606 thousand tons in 1988, and the catch was drastically 
decreasing by 2001. 

• The catch size has been increasing since 2010s. 
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• Fisheries from Korea, Russia and China are cited as catching substantial amounts, which is not surprising considering 
the distribution of the fish. How about other countries (e.g., Taiwan, North Korea)? 

• Please explain why non-Japanese catches were not included for the base case scenario?

• I can understand why an index is not used for a year due to catchability or distribution changes beyond the 
standardization model or survey design. But I do not understand the logic in discarding the catch. Please explain why the 
Japanese catch for 2019 was not included? If 2019 catch was not included, it would be more reasonable to consider the 
terminal year of the assessment to be 2018, with 2019 being the start of projections.

Response
• As Japanese sardine mainly distributes in the waters near Japan, then the catch amount of North Korea may be too little, 

then the catch amount in North Korea can be neglected. Furthermore, this species cannot distribute sub-tropical and 
tropical waters, then the catch in Taiwan is also too small.

• As the first response, the main country to catch Japanese sardine Tsushima current stock is Japan. 

• The catch of this species in 2019 was rapidly dropped, however the catch in first half of 2020 was rapidly recovered. 
Then we judged the poor catch in 2019 could be caused by oceanographic conditions, the fish may distribute offshore 
area in 2019. 

• In 2019 stock assessment, we calculated VPA and the terminal year was assumed to be 2018, and projected for 2019 
and 2020. The age structure in 2020 was applied only first half of 2020, however, main fishing periods of this species is 
first half of a year, then the age structure in 2020 may be reasonable. 

Reviewers Comments
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Regime-shift

• Regime-shift is large, abrupt changes in ecosystem with climate change.
• The stock  and catch size of Japanese sardine have large fluctuation, and 

biological characteristics and distribution of this species could be affected by 
the stock fluctuation due to the regime-shift.  
SoJ: Sea of Japan, ECS: East China Sea

Normal regime High recruitment regime

Growth

First maturation age

Distribution

Recruitment

Widely distributed
Main spawning ground: ECS

Less growth

Age 2

Well

Main distribution area is coastal
Main spawning ground: SoJ

Well growth

Age 1

Not well
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Climate change

• Kodama et al. (2018) suggested that the match/mismatch hypothesis on survival 
of early life of Japanese sardine with climate change. 

• We are evaluating this hypothesis. 

Wind Strength

Strong Weak

Survival rate

Bloom timing of primary production

Late Early

Well Not Well
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Distribution

• Japanese sardine distributes widely in the Sea of Japan, East China 
Sea and Yellow Sea. 

• The distribution area is wide/narrow when the stock size is large/small.

Distribut
ion

Spawning
Grounds
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• Are you sure that the Pacific and Tsushima stocks are not the same stock? 
Please provide evidence to support the assumption that the Tsushima stock is a 
separate stock.

Responses
• Two stocks may be partly mixed in each area. 
• Population dynamics among two stocks was almost synchronized. However in 

the recent years, increasing rate in the Pacific stock is larger than Tsushima 
current stock. 

• That indicates the mechanism of population dynamics among two stocks is 
slightly different. 

Reviewers Comments
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Growth

• Age determination has been conducted using a scale (Ohshimo et al. 2009). 
• Mean body length at age 2-5 in the 1980s was smaller than that in the other 

years. 

Age 4
Age 3
Age 2
Age 1
Age 0
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Estimation of catch number at age

• Catch number at age was calculated by ALK, monthly catch and monthly size 
distribution in each East China Sea and Sea of Japan. 

• The ALK has been changed annually using the results of age determination.

Age0 Age1 Age2 Age3 Age4 Age5
体長 1 2 3 4 5 6 7 8 9 10 11 12 体長 1 2 3 4 5 6 7 8 9 10 11 12 体長 1 2 3 4 5 6 7 8 9 10 11 12 体長 1 2 3 4 5 6 7 8 9 10 11 12 体長 1 2 3 4 5 6 7 8 9 10 11 12 体長 1 2 3 4 5 6 7 8 9 10 11 12

0 0 0 0 1 1 1 1 1 1 1 1 1 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

5 0 0 0 1 1 1 1 1 1 1 1 1 5 1 1 1 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0

10 0 0 0 1 1 1 1 1 1 1 1 1 10 1 1 1 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0

15 0 0 0 1 1 1 1 1 1 1 1 1 15 1 1 1 0 0 0 0 0 0 0 0 0 15 0 0 0 0 0 0 0 0 0 0 0 0 15 0 0 0 0 0 0 0 0 0 0 0 0 15 0 0 0 0 0 0 0 0 0 0 0 0 15 0 0 0 0 0 0 0 0 0 0 0 0

20 0 0 0 1 1 1 1 1 1 1 1 1 20 1 1 1 0 0 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0

25 0 0 0 1 1 1 1 1 1 1 1 1 25 1 1 1 0 0 0 0 0 0 0 0 0 25 0 0 0 0 0 0 0 0 0 0 0 0 25 0 0 0 0 0 0 0 0 0 0 0 0 25 0 0 0 0 0 0 0 0 0 0 0 0 25 0 0 0 0 0 0 0 0 0 0 0 0

30 0 0 0 1 1 1 1 1 1 1 1 1 30 1 1 1 0 0 0 0 0 0 0 0 0 30 0 0 0 0 0 0 0 0 0 0 0 0 30 0 0 0 0 0 0 0 0 0 0 0 0 30 0 0 0 0 0 0 0 0 0 0 0 0 30 0 0 0 0 0 0 0 0 0 0 0 0

35 0 0 0 1 1 1 1 1 1 1 1 1 35 1 1 1 0 0 0 0 0 0 0 0 0 35 0 0 0 0 0 0 0 0 0 0 0 0 35 0 0 0 0 0 0 0 0 0 0 0 0 35 0 0 0 0 0 0 0 0 0 0 0 0 35 0 0 0 0 0 0 0 0 0 0 0 0

40 0 0 0 1 1 1 1 1 1 1 1 1 40 1 1 1 0 0 0 0 0 0 0 0 0 40 0 0 0 0 0 0 0 0 0 0 0 0 40 0 0 0 0 0 0 0 0 0 0 0 0 40 0 0 0 0 0 0 0 0 0 0 0 0 40 0 0 0 0 0 0 0 0 0 0 0 0

45 0 0 0 1 1 1 1 1 1 1 1 1 45 1 1 1 0 0 0 0 0 0 0 0 0 45 0 0 0 0 0 0 0 0 0 0 0 0 45 0 0 0 0 0 0 0 0 0 0 0 0 45 0 0 0 0 0 0 0 0 0 0 0 0 45 0 0 0 0 0 0 0 0 0 0 0 0

50 0 0 0 1 1 1 1 1 1 1 1 1 50 1 1 1 0 0 0 0 0 0 0 0 0 50 0 0 0 0 0 0 0 0 0 0 0 0 50 0 0 0 0 0 0 0 0 0 0 0 0 50 0 0 0 0 0 0 0 0 0 0 0 0 50 0 0 0 0 0 0 0 0 0 0 0 0

55 0 0 0 1 1 1 1 1 1 1 1 1 55 1 1 1 0 0 0 0 0 0 0 0 0 55 0 0 0 0 0 0 0 0 0 0 0 0 55 0 0 0 0 0 0 0 0 0 0 0 0 55 0 0 0 0 0 0 0 0 0 0 0 0 55 0 0 0 0 0 0 0 0 0 0 0 0

60 0 0 0 1 1 1 1 1 1 1 1 1 60 1 1 1 0 0 0 0 0 0 0 0 0 60 0 0 0 0 0 0 0 0 0 0 0 0 60 0 0 0 0 0 0 0 0 0 0 0 0 60 0 0 0 0 0 0 0 0 0 0 0 0 60 0 0 0 0 0 0 0 0 0 0 0 0

65 0 0 0 1 1 1 1 1 1 1 1 1 65 1 1 1 0 0 0 0 0 0 0 0 0 65 0 0 0 0 0 0 0 0 0 0 0 0 65 0 0 0 0 0 0 0 0 0 0 0 0 65 0 0 0 0 0 0 0 0 0 0 0 0 65 0 0 0 0 0 0 0 0 0 0 0 0

70 0 0 0 1 1 1 1 1 1 1 1 1 70 1 1 1 0 0 0 0 0 0 0 0 0 70 0 0 0 0 0 0 0 0 0 0 0 0 70 0 0 0 0 0 0 0 0 0 0 0 0 70 0 0 0 0 0 0 0 0 0 0 0 0 70 0 0 0 0 0 0 0 0 0 0 0 0

75 0 0 0 1 1 1 1 1 1 1 1 1 75 1 1 1 0 0 0 0 0 0 0 0 0 75 0 0 0 0 0 0 0 0 0 0 0 0 75 0 0 0 0 0 0 0 0 0 0 0 0 75 0 0 0 0 0 0 0 0 0 0 0 0 75 0 0 0 0 0 0 0 0 0 0 0 0

80 0 0 0 1 1 1 1 1 1 1 1 1 80 1 1 1 0 0 0 0 0 0 0 0 0 80 0 0 0 0 0 0 0 0 0 0 0 0 80 0 0 0 0 0 0 0 0 0 0 0 0 80 0 0 0 0 0 0 0 0 0 0 0 0 80 0 0 0 0 0 0 0 0 0 0 0 0

85 0 0 0 1 1 1 1 1 1 1 1 1 85 1 1 1 0 0 0 0 0 0 0 0 0 85 0 0 0 0 0 0 0 0 0 0 0 0 85 0 0 0 0 0 0 0 0 0 0 0 0 85 0 0 0 0 0 0 0 0 0 0 0 0 85 0 0 0 0 0 0 0 0 0 0 0 0

90 0 0 0 1 1 1 1 1 1 1 1 1 90 1 1 1 0 0 0 0 0 0 0 0 0 90 0 0 0 0 0 0 0 0 0 0 0 0 90 0 0 0 0 0 0 0 0 0 0 0 0 90 0 0 0 0 0 0 0 0 0 0 0 0 90 0 0 0 0 0 0 0 0 0 0 0 0

95 0 0 0 0 1 1 1 1 1 1 1 1 95 1 1 1 1 0 0 0 0 0 0 0 0 95 0 0 0 0 0 0 0 0 0 0 0 0 95 0 0 0 0 0 0 0 0 0 0 0 0 95 0 0 0 0 0 0 0 0 0 0 0 0 95 0 0 0 0 0 0 0 0 0 0 0 0

100 0 0 0 0 0 1 1 1 1 1 1 1 100 1 1 1 1 1 0 0 0 0 0 0 0 100 0 0 0 0 0 0 0 0 0 0 0 0 100 0 0 0 0 0 0 0 0 0 0 0 0 100 0 0 0 0 0 0 0 0 0 0 0 0 100 0 0 0 0 0 0 0 0 0 0 0 0

105 0 0 0 0 0 0 1 1 1 1 1 1 105 1 1 1 1 1 1 0 0 0 0 0 0 105 0 0 0 0 0 0 0 0 0 0 0 0 105 0 0 0 0 0 0 0 0 0 0 0 0 105 0 0 0 0 0 0 0 0 0 0 0 0 105 0 0 0 0 0 0 0 0 0 0 0 0

110 0 0 0 0 0 0 1 1 1 1 1 1 110 1 1 1 1 1 1 0 0 0 0 0 0 110 0 0 0 0 0 0 0 0 0 0 0 0 110 0 0 0 0 0 0 0 0 0 0 0 0 110 0 0 0 0 0 0 0 0 0 0 0 0 110 0 0 0 0 0 0 0 0 0 0 0 0

115 0 0 0 0 0 0 1 1 1 1 1 1 115 1 1 1 1 1 1 0 0 0 0 0 0 115 0 0 0 0 0 0 0 0 0 0 0 0 115 0 0 0 0 0 0 0 0 0 0 0 0 115 0 0 0 0 0 0 0 0 0 0 0 0 115 0 0 0 0 0 0 0 0 0 0 0 0

120 0 0 0 0 0 0 1 1 1 1 1 1 120 1 1 1 1 1 1 0 0 0 0 0 0 120 0 0 0 0 0 0 0 0 0 0 0 0 120 0 0 0 0 0 0 0 0 0 0 0 0 120 0 0 0 0 0 0 0 0 0 0 0 0 120 0 0 0 0 0 0 0 0 0 0 0 0

125 0 0 0 0 0 0 0.5 1 1 1 1 1 125 1 1 1 1 1 1 0.5 0 0 0 0 0 125 0 0 0 0 0 0 0 0 0 0 0 0 125 0 0 0 0 0 0 0 0 0 0 0 0 125 0 0 0 0 0 0 0 0 0 0 0 0 125 0 0 0 0 0 0 0 0 0 0 0 0

130 0 0 0 0 0 0 0.5 1 1 1 1 1 130 1 1 1 1 1 1 0.5 0 0 0 0 0 130 0 0 0 0 0 0 0 0 0 0 0 0 130 0 0 0 0 0 0 0 0 0 0 0 0 130 0 0 0 0 0 0 0 0 0 0 0 0 130 0 0 0 0 0 0 0 0 0 0 0 0

135 0 0 0 0 0 0 0 1 1 1 1 1 135 1 1 1 1 1 1 1 0 0 0 0 0 135 0 0 0 0 0 0 0 0 0 0 0 0 135 0 0 0 0 0 0 0 0 0 0 0 0 135 0 0 0 0 0 0 0 0 0 0 0 0 135 0 0 0 0 0 0 0 0 0 0 0 0

140 0 0 0 0 0 0 0 0.5 1 1 1 1 140 1 1 1 1 1 1 1 0.5 0 0 0 0 140 0 0 0 0 0 0 0 0 0 0 0 0 140 0 0 0 0 0 0 0 0 0 0 0 0 140 0 0 0 0 0 0 0 0 0 0 0 0 140 0 0 0 0 0 0 0 0 0 0 0 0

145 0 0 0 0 0 0 0 0.5 1 1 1 1 145 1 1 1 1 1 1 1 0.5 0 0 0 0 145 0 0 0 0 0 0 0 0 0 0 0 0 145 0 0 0 0 0 0 0 0 0 0 0 0 145 0 0 0 0 0 0 0 0 0 0 0 0 145 0 0 0 0 0 0 0 0 0 0 0 0

150 0 0 0 0 0 0 0 0 1 1 1 1 150 1 1 1 1 1 1 1 1 0 0 0 0 150 0 0 0 0 0 0 0 0 0 0 0 0 150 0 0 0 0 0 0 0 0 0 0 0 0 150 0 0 0 0 0 0 0 0 0 0 0 0 150 0 0 0 0 0 0 0 0 0 0 0 0

155 0 0 0 0 0 0 0 0 1 1 1 1 155 1 1 1 1 1 1 1 1 0 0 0 0 155 0 0 0 0 0 0 0 0 0 0 0 0 155 0 0 0 0 0 0 0 0 0 0 0 0 155 0 0 0 0 0 0 0 0 0 0 0 0 155 0 0 0 0 0 0 0 0 0 0 0 0

160 0 0 0 0 0 0 0 0 0.5 1 1 1 160 1 1 1 1 1 1 1 1 0.5 0 0 0 160 0 0 0 0 0 0 0 0 0 0 0 0 160 0 0 0 0 0 0 0 0 0 0 0 0 160 0 0 0 0 0 0 0 0 0 0 0 0 160 0 0 0 0 0 0 0 0 0 0 0 0

165 0 0 0 0 0 0 0 0 0 1 1 1 165 1 1 1 1 1 1 1 1 1 0 0 0 165 0 0 0 0 0 0 0 0 0 0 0 0 165 0 0 0 0 0 0 0 0 0 0 0 0 165 0 0 0 0 0 0 0 0 0 0 0 0 165 0 0 0 0 0 0 0 0 0 0 0 0

170 0 0 0 0 0 0 0 0 0 0 0 0 170 1 1 1 1 1 1 1 1 1 1 1 1 170 0 0 0 0 0 0 0 0 0 0 0 0 170 0 0 0 0 0 0 0 0 0 0 0 0 170 0 0 0 0 0 0 0 0 0 0 0 0 170 0 0 0 0 0 0 0 0 0 0 0 0

175 0 0 0 0 0 0 0 0 0 0 0 0 175 0.5 0.5 0.5 0.5 0.5 0.5 1 1 1 1 1 1 175 0.5 0.5 0.5 0.5 0.5 0.5 0 0 0 0 0 0 175 0 0 0 0 0 0 0 0 0 0 0 0 175 0 0 0 0 0 0 0 0 0 0 0 0 175 0 0 0 0 0 0 0 0 0 0 0 0

180 0 0 0 0 0 0 0 0 0 0 0 0 180 0 0 0 0 0 0 0.5 0.5 0.5 0.5 0.5 0.5 180 1 1 1 1 1 1 0.5 0.5 0.5 0.5 0.5 0.5 180 0 0 0 0 0 0 0 0 0 0 0 0 180 0 0 0 0 0 0 0 0 0 0 0 0 180 0 0 0 0 0 0 0 0 0 0 0 0

185 0 0 0 0 0 0 0 0 0 0 0 0 185 0 0 0 0 0 0 0 0 0 0 0 0 185 1 1 1 1 1 1 1 1 1 1 1 1 185 0 0 0 0 0 0 0 0 0 0 0 0 185 0 0 0 0 0 0 0 0 0 0 0 0 185 0 0 0 0 0 0 0 0 0 0 0 0

190 0 0 0 0 0 0 0 0 0 0 0 0 190 0 0 0 0 0 0 0 0 0 0 0 0 190 0.5 0.5 0.5 1 1 1 1 1 1 1 1 1 190 0.5 0.5 0.5 0 0 0 0 0 0 0 0 0 190 0 0 0 0 0 0 0 0 0 0 0 0 190 0 0 0 0 0 0 0 0 0 0 0 0

195 0 0 0 0 0 0 0 0 0 0 0 0 195 0 0 0 0 0 0 0 0 0 0 0 0 195 0.5 0.5 0.5 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 195 0.5 0.5 0.5 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 195 0 0 0 0 0 0 0 0 0 0 0 0 195 0 0 0 0 0 0 0 0 0 0 0 0

200 0 0 0 0 0 0 0 0 0 0 0 0 200 0 0 0 0 0 0 0 0 0 0 0 0 200 0 0 0 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 200 1 1 1 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 200 0 0 0 0 0 0 0 0 0 0 0 0 200 0 0 0 0 0 0 0 0 0 0 0 0

205 0 0 0 0 0 0 0 0 0 0 0 0 205 0 0 0 0 0 0 0 0 0 0 0 0 205 0 0 0 0 0 0 0 0 0 0 0 0 205 1 1 1 1 1 1 1 1 1 1 1 1 205 0 0 0 0 0 0 0 0 0 0 0 0 205 0 0 0 0 0 0 0 0 0 0 0 0

210 0 0 0 0 0 0 0 0 0 0 0 0 210 0 0 0 0 0 0 0 0 0 0 0 0 210 0 0 0 0 0 0 0 0 0 0 0 0 210 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 210 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 210 0 0 0 0 0 0 0 0 0 0 0 0

215 0 0 0 0 0 0 0 0 0 0 0 0 215 0 0 0 0 0 0 0 0 0 0 0 0 215 0 0 0 0 0 0 0 0 0 0 0 0 215 0 0 0 0 0 0 0 0 0 0 0 0 215 1 1 1 1 1 1 1 1 1 1 1 1 215 0 0 0 0 0 0 0 0 0 0 0 0

220 0 0 0 0 0 0 0 0 0 0 0 0 220 0 0 0 0 0 0 0 0 0 0 0 0 220 0 0 0 0 0 0 0 0 0 0 0 0 220 0 0 0 0 0 0 0 0 0 0 0 0 220 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 220 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

225 0 0 0 0 0 0 0 0 0 0 0 0 225 0 0 0 0 0 0 0 0 0 0 0 0 225 0 0 0 0 0 0 0 0 0 0 0 0 225 0 0 0 0 0 0 0 0 0 0 0 0 225 0 0 0 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 225 1 1 1 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

230 0 0 0 0 0 0 0 0 0 0 0 0 230 0 0 0 0 0 0 0 0 0 0 0 0 230 0 0 0 0 0 0 0 0 0 0 0 0 230 0 0 0 0 0 0 0 0 0 0 0 0 230 0 0 0 0 0 0 0 0 0 0 0 0 230 1 1 1 1 1 1 1 1 1 1 1 1

235 0 0 0 0 0 0 0 0 0 0 0 0 235 0 0 0 0 0 0 0 0 0 0 0 0 235 0 0 0 0 0 0 0 0 0 0 0 0 235 0 0 0 0 0 0 0 0 0 0 0 0 235 0 0 0 0 0 0 0 0 0 0 0 0 235 1 1 1 1 1 1 1 1 1 1 1 1

240 0 0 0 0 0 0 0 0 0 0 0 0 240 0 0 0 0 0 0 0 0 0 0 0 0 240 0 0 0 0 0 0 0 0 0 0 0 0 240 0 0 0 0 0 0 0 0 0 0 0 0 240 0 0 0 0 0 0 0 0 0 0 0 0 240 1 1 1 1 1 1 1 1 1 1 1 1

245 0 0 0 0 0 0 0 0 0 0 0 0 245 0 0 0 0 0 0 0 0 0 0 0 0 245 0 0 0 0 0 0 0 0 0 0 0 0 245 0 0 0 0 0 0 0 0 0 0 0 0 245 0 0 0 0 0 0 0 0 0 0 0 0 245 1 1 1 1 1 1 1 1 1 1 1 1

250 0 0 0 0 0 0 0 0 0 0 0 0 250 0 0 0 0 0 0 0 0 0 0 0 0 250 0 0 0 0 0 0 0 0 0 0 0 0 250 0 0 0 0 0 0 0 0 0 0 0 0 250 0 0 0 0 0 0 0 0 0 0 0 0 250 1 1 1 1 1 1 1 1 1 1 1 1
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• The Ohsimo et al. paper methods are not detailed enough to review how the catch-at-age was developed. Please provide a 
presentation similar to the Sardine-Pacific stock document on catch-at-age. 

• Please show the ALKs and length-weight relationships used. Given that the age-length and length-weight relationships for sardine
are known to be highly variable over space and time, how did the ALKs and length-weight relationships vary over space and time?

• It appears that the ages were from reading scales. Typically, age from scales tend to be biased low, especially at older ages. Why 
were scales used instead of otoliths? Have there been a study comparing scale to otolith ages for sardines, or some sort of age 
validation study?  

• Is there a study on aging error?

Responses
• The process of calculation of CAA of this species is same as Ohshimo et al. (2009). The ALKs are explained in this presentation. 

• Age determination of Japanese sardine Tsushima current stock has been conducted every year, and the ALKs are also made every 
year. 

• Two length-weight relationships are applied for calculating CAA, one is for East China Sea and the other is for Sea of Japan.

• Because the scales of this species have been stored since 1950s, we usually use the scale for reading the age. There are no 
reports on the validation age reading between scale and otolith for Tsushima current stock. 

• Yes, we agree the age determination in elder individual may be biased when we used the scales. However, most of individual of
caught sardine was under age 3. Then, elder individuals were pooled. 

Reviewers Comments
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Maturation

• Histological evaluation on reproduction has been conducted every year, 
and the maturation proportions of this species are affected by their stock 
size.

• The relationships between maturation proportion and age are set into 
four scenarios. 
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Abundance indices

• Three indices are used for tuning VPA.

Egg amount
Nominal CPUE @ Sakai-minato
Std CPUE @ Sakai-minato
Std CPUE @ Ishikawa
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• The Egg Production Index (EPI) is likely the most important index because it represents the SSB but there is not enough details to 
understand the index. Please provide more details. For example, what are the stations and areas covered by the egg and larval
survey, especially compared with the distribution of the SSB? Noting that the reproductive biology of sardines vary by area, time, 
and environmental conditions, were the fecundity and maturity of the stock sampled during the survey or assumed based on other 
info? If sampled, how were they sampled? If assumed, what was assumed and based on what info? 

• Please describe the the spatial and temporal coverage for the Sakai and Ishikawa indices.

• What were the age classes for the Sakai and Ishikawa indices?

• The unit of effort for the Sakai index was stated to be “number of fleets”. This does not make sense to me. Please explain. 

• I am not that comforatable using a random effects for the year*month interactions in the standardization for the Sakai Index. What 
does the index look like if you use the standard year*month interactions?

• I do not understand the Ishikawa Index. Please explain in more detail how the index was calculated. Was this index standardized?
Not sure I understand what a directed index is.

• Why was the midwater trawl survey not used as an index?

• Responses

• Rough area for the Sakai and Ishikwa are follows,

Reviewers Comments

Sakai
Ishikawa
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• Spatio-temporal distribution of sardine egg is described (Furuichi et al. 2020
, right figures)

• Main spawning area of Japanese sardine is coastal waters off Japan, and 
high density areas in the recent years are near Noto peninsula and around Oki Islands.

• These migrated adult fish for Noto peninsula and Oki islands were captured by the 
purse seine fisheries in Ishikawa and Sakai, respectively.

• The ovaries of at the Noto peninsula and Oki islands were analyzed based on 
histological technique. The maturity ogive is checked every year.

• In 2019 assessment, effort in Sakai-fleet has not been recorded.

• A lot of missing combinations, Year*Month interaction could not be treated as the fixed
effect.

• Ishikawa index was followed by Biseau (1998). The basic idea of directed CPUE is that 
the data are subsetted according to the ordered relative composition of a species in the 
catch for each year and then CPUE is given by the annual mean of the subsetted data. 

• Midwater trawling survey in the wide range Sea of Japan has been conducted for 
recent three years. Then, we cannot apply for tuning VPA.

Responses
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Stock assessment (tuning VPA)

• See document “FRA-SA2020-BRP01-2e-1”
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• Since there was a egg production index developed, there should be fecundity and maturity estimates 
from samples of adult fish during the sampling for the survey. What was the maturity ogive from the 
data compared to the assumptions made? 

• The M (0.4) seems a little low compared to the EPO sardine posterior (0.585). Where did the 0.4 come 
from? 

• Please show the model diagnostics for the base case. Retrospective, fits to the indices, and the various 
model params.

Responses
• The egg production index means sum of area averaged egg accounts during January and June in the 

East China Sea and Sea of Japan. Maturity ogive is changed according to the stock level, and the 
ogives were made from histological methods. 

• Our institute just start the discussion on about the natural mortality. 

Reviewers Comments

Stock
Size

SSB
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• It is likely that the current base model would not be considered BSIA because of the missing catch from non-Japanese fisheries. I 
think it would be useful to explore the following models as potential BSIA models. Let’s discuss and explore during the meeting.

• Model 1: Base case with no tuning indices  

• Model 2: Base case with EPI only   

• Model 3: Base case with no tuning indices + catch from non-Japanese fleets (make reasonable assumptions similar to the Pacific 
stock). You may need a few different catch scenarios to cover the range of possibilities. 

• Model 4: Same as Model 3 + EPI

• Model 5: Same as Model 3 + EPI + Sakai index + Ishikawa index

• Please show the above-mentioned model diagnostics for these models. 

Responses
• Assessment in 2019 was not normal calculation process,

then sensitivity results in 2020 was shown in right figures.

• Index 01, 02, 03 represent Sakai CPUE, EPI, Ishikawa CPUE,
respectively. Base case include three indices.

• Both biomass and SSB was slightly larger than the other 
scenarios when Sakai CPUE was removed. 

Reviewers Comments

Sakai CPUE Egg Ishikawa CPUE
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• Reference points, Kobe-plot
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Contents

• We evaluated the SSB-R relationships of Japanese sardine, 
1) one relationship or 2) two relationships. 

• Based on AIC, two relationships were selected, and one is 
normal regime (red lines) and the other is high-recruitment 
regime (blue lines). 
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• Key issue is whether to use high or low period SRR to estimate stock status and projections. So 
probably let’s discuss during the meeting.

• Likely that stock is trending towards a high period but may not be fully in the high regime. May be 
reasonable to use the ‘normal’ period SRR to calculate current stock status but may not be reasonable 
to do so for the projections. Let’s discuss during the meeting.  

• Please tell me during the meeting whether the choice of SRR is considered a management or science 
decision. 

Responses
• Yes, it is problem. Full stock assessment will be conducted every five years. 

• Stock management procedure will be changed if the SRR conditions will change to high SRR from 
normal SRR. 

Reviewers Comments
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• Biology and Stock assessment
Distribution, Growth, Estimation of Catch Number at Age, Stock 
abundance indices, VPA, Regime-shift

• Stock-Recruitment Relationships

• Reference points, Kobe-plot

• Harvest Control Rule, Future projection

Contents
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Reference point

Btarget
(Sbmsy) Blimit Bban SSB2019 MSY

1093 465 66 232 338

Unit: thousand tons
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Kobe plot

• SB2019 was smaller than Sbmsy (Btarget), and 
F2019 was smaller than Fmsy. 
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Harvest Control Rule
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Recruitment (106) SSB (103 tons)

Stock size (103 tons) Catch (103 tons)

Exploitation (%) F/Fmsy ratio

Projection
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Reviewers Comments

• For Appendix 8, if the idea is to provide projections for the case where the stock is going into a high 
period, why not use SRR from the high period and resampling of the recruitment residuals of the high 
period (maybe with some periodicity to switch to the low period at some point in time) rather than the 
2000-2014 period? How different would the results be?

• It was a little bit difficult to compare the projections from base case vs Appendix 8. Please show a quick 
comparison?

• Was uncertainty in the terminal year N-at-age of the VPA considered?

Responses

• Comments on Appendix 8 is for Pacific Stock, the stock level and SRR for Tsushima stock is low and 
normal, respectively. Then, we will follow the projections of Pacific stock when the stock and SRR for 
Tshushima stock is high and high, respectively.

• The calculation of terminal year N at age is deterministic, we will conduct another scenario by next full 
stock assessment as well as possible. 
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Projection; probability
Probability (%) of future SSB exceeding the target reference point 

Probability (%) of future SSB exceeding the limit reference point 
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Projection; SSB and Catch
SSB（103ton）

Catch (103ton)
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