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Summary 

The stock biomass was estimated by a cohort model using the abundance index as the tuning 
index. Although the biomass remained high at over 10 million tons in the 1980s, it sharply 
declined on entering the 1990s, and stayed low at around 100 thousand tons from 2002 to 2009. 
Then, from 2010 to 2014, the biomass turned to an increase due to continuous, relatively 
favorable recruitment and a decline in fishing mortality, exceeding 1 million tons in 2014. The 
biomass further increased after that as favorable recruitment continued, and was estimated to 
be 3.415 million tons in 2019. The spawning biomass remained below 100 thousand tons from 
2002 onward, but increased from 2011, reaching an estimate of 1.585 million tons in 2019. 

At the "Research Institute Meeting on Reference Points" held in March 2020, it was 
proposed that the hockey stick model for the normal recruitment period (1988 to 2018) be used 
for estimating the current stock-recruitment relationship of the present stock. SBmsy, which is 
the level of spawning biomass that produces the maximum sustainable yield (MSY), estimated 
based on this model is 1.187 million tons. According to this basis, the spawning biomass of 
the present stock for 2019 exceeds the level that produces MSY. In addition, the fishing 
mortality of the stock in 2019 is approximately the same as the level of fishing mortality that 
produces MSY (Fmsy). The trend of spawning biomass is determined to be "increasing" in 
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light of the transition over the past five years (2015 to 2019). 
 

(With regard to the items that are to be finalized based on discussions at the Study Meeting 
on Stock Management Policy, such as reference points and future projections, we tentatively 
indicated the values proposed at the "Research Institute Meeting on Reference Points.") 
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Item Value Explanation 

Level that produces MSY under the current environment 

SBmsy 1.187 million tons Spawning biomass that produces MSY 

Fmsy 
Fishing mortality that produces MSY 
(ages 0, 1, 2, 3, 4, 5 and above) = (0.18, 0.18, 0.24, 0.50, 0.50, 0.50) 

%SPR (Fmsy) 40.0% %SPR corresponding to Fmsy 

MSY 389 thousand tons Maximum sustainable yield 

Spawning biomass and fishing mortality in 2019 

SB2019 1.585 million tons  Spawning biomass in 2019 

F2019 
Fishing mortality in 2019 
(ages 0, 1, 2, 3, 4, 5 and above) = (0.05, 0.12, 0.81, 0.32, 0.20, 0.20) 

%SPR (F2019) 39.8% %SPR in 2019 

%SPR 
(F2015-2019) 

41.8% 
%SPR corresponding to the current fishing 
mortality (2015 to 2019) 

Ratio to MSY 

SB2019/SBmsy 1.33 
Ratio of the spawning biomass in 2019 to the 
spawning biomass that produces MSY 

F2019/Fmsy 1.01  
Ratio of the fishing mortality in 2019 to the 
fishing mortality that produces MSY* 

* Ratio between F in 2019 and F under the selectivity in 2019 that gives Fmsy which has been 
converted into %SPR. 
 
Stock-recruitment relationship: hockey stick model for the normal recruitment period (1988 to 
2018) (no autocorrelation) 
 

Level of spawning biomass Above SBmsy 

Level of fishing mortality Approx. the same as Fmsy 

Trend in spawning biomass Increasing 
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漁獲圧の比 F/Fmsy 
親魚量の比 SB/SBmsy 

 
Enlarged view 

 

漁獲圧の比 F/Fmsy 
親魚量の比 SB/SBmsy 

 

 

年 Year 
資源量（千トン） Stock biomass (thousand tons) 
親魚量（千トン） Spawning biomass (thousand tons) 
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漁獲量（千トン） Catch (thousand tons) 
漁獲割合 Exploitation rate 

 
Values for 2020 and 2021 are based on future projections (see Appendix 6). 
 
1. Data set 
The data set used for the stock assessment is as follows. 

Data set Data source and research 

Catch in number at age 
and by year 

Annual Statistics on Fishery and Aquaculture Production 
(Ministry of Agriculture, Forestry and Fisheries) 
Landing at major ports (Hokkaido-Kagoshima [20] prefectures) 
Length composition survey (National Research Institute of 
Fisheries Science [NRIFS], Hokkaido-Kagoshima [20] 
prefectures, Japan Fisheries Information Service Center 
[JAFIC]): market measurement 
Length-weight survey; length-age measurement survey (NRIFS, 
Hokkaido-Kagoshima [20] prefectures, JAFIC): market 
measurement, catch for research 

Abundance index 
・Spawning volume 

 
Egg and larvae survey (year-round, NRIFS, relevant prefectures): 
NORPAC net* 

・Distribution in offshore 
areas 

Transitional area larva/juvenile survey (May/June, NRIFS): 
midwater trawl, quantitative echo sounder 
Pelagic fish survey in Northwestern Pacific in the northward 
migration period (May-July, NRIFS): midwater trawl, 
quantitative echo sounder 
Pelagic fish survey in Northwestern Pacific in fall 
(September/October, NRIFS): midwater trawl, quantitative echo 
sounder* 

・Index for wintering 
juveniles 

Conditions of large- and medium-scale purse seine fisheries in 
the Boso-Joban sea area (Chiba Prefectural Fisheries 
Experimental Station, Ibaraki Prefectural Fisheries Experimental 
Station)* 

・Abundance index Northern Pacific purse seine catch per unit of effort (CPUE) / 
abundance index based on fishing ground distribution (JAFIC)  

Natural mortality (M) Assuming M = 0.4 per year (Tanaka 1960) 

Fishing effort Northern Pacific purse seine efforts (JAFIC, fisheries status 
survey by fishing ground) 
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Asterisk (*) denotes data used as the tuning index for the cohort analysis. 
 
2. Ecology of the stock 
(1) Distribution and migration 

The Japanese sardine Pacific stock is distributed widely from Japan's coast to offshore areas 
in the Northwestern Pacific (Figure 2-1). The distribution and migration of larvae and juveniles 
are largely divided into two patterns depending on how they are transported by ocean currents 
in the early stage of growth. After hatching around the Kuroshio Current, some larvae are taken 
into the current flowing toward coastal areas, grow in Japan's coastal waters, and become 
fishery targets in their whitebait (shirasu) to juvenile stage in coastal fishing grounds (hereafter, 
the "coastal recruitment group"), while some larvae are transported eastward by the Kuroshio 
Current, grow in the Kuroshio-Oyashio transition area from waters near Japan to 165 to 170 
degrees east longitude, spend the summer feeding period in the subarctic waters off eastern 
Hokkaido to off the east of the Kuril Islands, and move south in fall to winter to be recruited 
to the fishing grounds (hereafter, the "offshore recruited group") (Kawabata et al. 2011). The 
distribution range of the offshore recruited group depends on transportation by ocean currents, 
so it does not reflect the amount of recruitment, and the group is distributed in a wide area 
even with low recruitment. Whether larvae become a coastal recruitment group or an offshore 
recruitment group is considered to be decided by chance according to the oceanic conditions 
around the spawning grounds. The two groups have differences in their hatch date distribution. 
In the coastal recruitment group, individuals of various hatch dates appear, reflecting the long 
spawning period (Ochiai 2009, Hasegawa and Higoshi 2011), but in the offshore recruitment 
group, individuals hatching from March to May (mainly in April) appear, with their larval 
period coinciding with the spring blooming season (Ochiai 2009, Takagi et al. 2010, Suhara 
2014). However, individuals hatching in or before early March have increased in the offshore 
recruitment group in recent years, which have seen an increase in the stock biomass, 
particularly since 2013. The relationship between early-hatching individuals and growth in 
biomass and recruitment has drawn attention and has been studied (report of the 2018 high-
accuracy biomass estimation project). The coastal recruitment group and the offshore recruited 
group are not independent groups, but their recruitment trends do not necessarily coincide due 
to differences in their main occurrence periods and growing grounds. 

The fish of ages 1 and above winter around the Kuroshio Current and spawn. Then, in 
summer to fall, some stay in coastal areas around the Kuroshio Current and migrate in a small 
area for feeding, while some migrate northward for feeding. The range of northward migration 
for feeding changes substantially based on the abundance level. During the high abundance 
period in the 1980s, they migrated over an extensive subarctic area from the waters off Sanriku 
to eastern Hokkaido to waters off the east of the Kuril Islands from near the Emperor Seamount 
Chain to the area reaching the western hemisphere (Ito 1991, Kuroda 1991). In the 1990s, when 
the abundance decreased to below 1 million tons, the migration range was reduced to the area 
from northern Sanriku to the Oyashio Current region off eastern Hokkaido. In the 2000s, when 



FRA-SA2020-SC01-1 

7 

the abundance further fell below 500 thousand tons, the range shrank to the area around the 
Kuroshio Extension in the Joban sea area to near the southern edge of the Oyashio Current in 
southern Sanriku. Recently, the abundance increased due to the high recruitment in 2010, and 
migration to the waters off northern Sanriku to eastern Hokkaido has been observed since 2011. 
In addition, expansion of the distribution to offshore areas has been observed in recent years. 
In the pelagic fish survey in the Northwestern Pacific in the northward migration period 
conducted in June to July, Japanese sardines of age 1 and above have been confirmed in waters 
reaching around 170 degrees east longitude since 2018. 
 
(2) Age and growth 

The life span of Japanese sardines is about 7 years, and their maximum body length (scaled 
body length) is about 22 to 24 cm. The relationship between the age and body length changes 
substantially based on abundance, while it is also affected by the sea area. Among the 
population migrating in the Oyashio Current region for feeding, the growth speed of those aged 
1 and above declined during the high abundance period in the 1980s, with the body length 
becoming 14-15 cm at age 1 (at full age), 15-16 cm at age 2, 17-18 cm at age 3, 18-19 cm at 
age 4, 19-20 cm at age 5, and 20 cm or more at age 6, but during the low/medium abundance 
period in the 2000s, the body length was 15-16 cm at age 1, 18-19 cm at age 2, and 20 cm or 
more at age 3 and above. Figure 2-2 shows the average body length and body weight at age for 
the latest three years (2017-2019). The average body weight at age has tended to be smaller in 
recent years (Appendix Table 2-1), and there is a possibility that the increase in the stock 
biomass has caused poor growth. It is necessary to keep watch on the relationship between the 
stock biomass and growth. 
 
(3) Maturity and spawning 

Figure 2-3 shows the relationship between age and maturity rate. Although the growth speed 
declined and maturity delayed in the high abundance period, in recent years, maturity starts at 
age 1, and most individuals become mature at age 2. In this assessment, we assumed the 
maturity rate at age for 1998 to 2015 to be 50% for age 1 and 100% for ages 2 and above. 
Considering the recent increase in the stock biomass, we assumed the maturity rate for age 1 
fish for 2016 onward to be 20%, which is equal to the rate for 1994 to 1997, when the spawning 
biomass temporarily recovered after the regime shift. 

The status of appearance and distribution of eggs suggest that the spawning season is from 
November to the following June, and the main spawning season is February to April (Figure 
2-1). The spawning grounds have changed according to the stock status. In the 1950s to 1960s, 
when the abundance was low, the spawning grounds were formed in waters on the onshore side 
of the Kuroshio Current from Hyuga Nada to areas near Kanto (Kuroda 1991). In the first half 
of the 1970s, when the biomass started to increase, spawning increased in the Tosa Bay and its 
surroundings and areas near Kanto. From 1976, spawning grounds were also formed in the 
Satsunan sea area, and during the high abundance period from 1980 until around 1990, large-
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scale spawning grounds were formed in the Kuroshio Current region from the Satsunan sea 
area to off Kii Peninsula. In line with the decrease in stock in the 1990s, the spawning grounds 
in the Satsunan sea area disappeared, and thereafter, spawning grounds have been formed in 
waters on the onshore side of the Kuroshio Current from off Shikoku to areas near Kanto. 
 
(4) Prey-predator relationships 

Larvae and juveniles feed on small zooplankton, and then come to feed on larger 
zooplankton as they grow. Adults have developed gill rakers and feed on not only zooplankton, 
but also diatoms by filtering them. They are eaten by medium- and large-sized fish, 
cephalopods, marine mammals, and seabirds. Large amounts of Japanese sardines were found 
in the stomach contents of baleen whales in the 1980s high abundance period, suggesting that 
they were the whales' main prey items (Kasamatsu and Tanaka 1992). The presence of Japanese 
sardines in the stomach contents decreased along with the decline in abundance from the 1990s 
onward (Tamura and Fujise 2002). From 2012 onward, however, mackerels and Japanese 
sardines increased while anchovy decreased in the stomach contents. In particular, Japanese 
sardines became the main prey items for sei whales from 2014 to 2016 (Konishi et al. 2017). 
The abundance of Japanese sardines is considered to have increased to such an extent that they 
have become prey items for baleen whales. 
 
(5) Special notes 

The biomass of the present stock is known to change dramatically in synchronization with 
the interdecadal global shift in the structure of systems including the atmospheric system and 
marine ecosystems (regime shift) (Kawasaki 1992, Klyashtorin 1998, Chavez et al. 2003). The 
biomass increased synchronously with the 1976/77 regime shift (Yasunaka and Hanawa 2002), 
and then remained high at over 10 million tons in the 1980s. After that, the recruitment per 
spawning successively declined from 1988 to 1991 in synchronization with the 1988/89 regime 
shift (Watanabe et al. 1995), resulting in a sharp decline in recruitment and biomass. The 
changes in the ocean environment and other elements are likely to have affected the 
environmental carrying capacity and recruitment success (Tanaka 2003, Yatsu et al. 2005), and 
have also changed the stock-recruitment relationship. 
 
2. Status of fisheries 
(1) Outline of fisheries 

The major types of fisheries for Japanese sardines are large- to medium-scale purse seine 
fishery, medium-scale purse seine fishery, and set net fishery targeting juveniles and adults. 
Their whitebait (shirasu) are also caught by boat seine fishery, etc. About 70% to 90% of the 
total catch in recent years have been caught in areas east of Mie Prefecture (Northern and 
Middle Pacific). The catch in areas west of Wakayama Prefecture (Southern Pacific and Seto 
Inland Sea) is relatively small compared to areas east of Mie Prefecture, and although it showed 
an increase in 2015, it subsequently turned to a decline (Figure 3-1, Table 3-1). The catch by 



FRA-SA2020-SC01-1 

9 

large- to medium-scale purse seine fishery in areas north of Boso (northern purse seine fishery) 
accounts for most of the total catch regardless of the stock abundance. In the 1980s high 
abundance period, large-scale fishing grounds were formed in the waters from Joban to Sanriku 
as well as in the eastern Hokkaido region from summer to fall, and more than 2 million tons 
were caught. On entering the 1990s, the range of migration for feeding shrank in line with a 
decrease in stock, and the eastern Hokkaido fishing ground was no longer formed in and after 
1994. As the stock further decreased in the 2000s due to high fishing mortality, fishing grounds 
also became scarce in the northern Sanriku region, and the catch mainly targeting age 0 and 
age 1 fish in the Boso-Joban sea area became predominant. In recent years, the range of 
migration for feeding has expanded due to an increase in stock. From 2012 onward, fishing 
grounds have been formed in the eastern Hokkaido region, and the catch in that region 
increased from 6 thousand tons in 2012 to 218 thousand tons in 2019. 
 
(2) Changes in catch volume 

For the catch volume in this assessment, we used the value obtained by totaling the catch 
data in the Annual Statistics on Fishery and Aquaculture Production for the area from the 
Pacific side of Hokkaido to Miyazaki Prefecture and the Seto Inland Sea area, adding to it the 
catch in the Pacific waters by fishing vessels that belong to areas other than the Pacific area, 
and deducting from it the catch in waters other than the Pacific by fishing vessels that belong 
to the Pacific area (based on logbook data) (Figure 4-1, Table 3-1). The catch volume was 
below 500 thousand tons in 1975, but it later increased and remained extremely high at levels 
above 2.5 million tons from 1983 to 1989. However, it began to decrease from 1990, falling 
below 1 million tons in 1993, and stayed around 100 thousand to 300 thousand tons from 1995 
to 2001. The catch remained below 100 thousand tons from 2002 to 2010, but turned to an 
increase from 2011, growing above 100 thousand tons, and marked 521 thousand tons in 2019. 
Since the migration range has expanded in recent years due to an increase in the stock biomass, 
the catch by Russia and China has increased. According to reports made to the North Pacific 
Fisheries Commission (NPFC), the catch by Russia in 2019 was 133 thousand tons, and the 
catch by China was 46 thousand tons. The stock assessment for this year was made without 
taking into consideration the catch by foreign countries, as many points remain unclear at this 
stage. Although we used many assumptions, we also made an estimation that considers the 
catch by foreign countries, and showed the result in Appendix 9. 
 
(3) Fishing effort 

Figure 3-3 shows changes in the annual and monthly effective efforts of the northern purse 
seine fishery based on data from the Japan Fisheries Information Service Center (JAFIC). The 
efforts had been on a decline in and after 2000 in line with a decrease in the stock biomass but 
have increased since 2009 in line with an increase in the biomass (Figure 3-3). The monthly 
effective efforts have increased mainly from spring to summer every year since 2000 (Figure 
3-4). 
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3. Stock status 
(1) Stock assessment method 

Appendix 1 shows a flow chart of the stock assessment. We obtained the catch in number at 
age for 1976 onward based on analytical data of the catch volume, the length composition of 
catch, the length-weight relationship, and length-age relationship derived from data collected 
in the stock assessment surveys conducted by related experimental and research institutions 
(Appendix 3), and performed tuned virtual population analysis (VPA) (cohort analysis) 
(Appendix 2). As tuning indices, we used the standing stock of age 0 fish in the subarctic 
region in fall and the egg production in waters east of Cape Shionomisaki based on the pelagic 
fish surveys in the Northwestern Pacific in fall conducted in 2005 onward, and the index for 
wintering juveniles based on the conditions of large- and medium-scale purse seine fisheries 
in 2006 onward (Figures 4-1 and 4-2, Appendix 3), and exploratorily obtained F at age for 
2019 in a manner that fits these tuning indices. The data values used for the calculation and 
the estimation results of the stock biomass, etc. are shown in Table 3-1 and Appendix Table 2-
1. 
 
(2) Changes in abundance indices 

The egg production, which serves as an index for spawning biomass, was low at a level 
below 100 trillion eggs in the entire Pacific Ocean side in the early 2000s, when the spawning 
biomass was extremely low. However, the egg production has been on an increase recently in 
line with the increase in the spawning biomass, particularly in areas east of Cape Shionomisaki 
(Figure 4-1, Table 4-1). On the other hand, an increase in the egg production in the waters from 
Kii Strait to Hyuga Nada that was observed in the 1980s has not been observed as of 2020. 

Figure 4-2 and Tables 4-2 to 4-5 show the abundance indices based on various surveys, 
which serve as indices for recruitment (the details of the surveys are described in Appendix 3). 
All indices have shown relatively high values since 2010, when recruitment was estimated to 
be at one of the highest levels in recent years. The index for wintering juveniles is based on 
the conditions of purse seine fisheries during the wintering period (December to the following 
April), and the index for 2000 and earlier is considered to be indicating higher levels overall 
than the trend in recent years, reflecting the high fishing mortality at the time. Therefore, the 
index level for 2000 and earlier cannot be directly compared with that for recent years in which 
the fishing mortality has declined. 

Among these indices, indices based on offshore surveys, such as the recruitment index for 
the transition area based on the transitional area larva/juvenile survey, the distribution of age 
0 fish in the northward migration period based on the pelagic fish survey in the Northwestern 
Pacific in the northward migration period, and the standing stock of age 0 fish in the subarctic 
region in fall based on the pelagic fish survey in the Northwestern Pacific in fall, are based on 
surveys in offshore growing grounds and feeding grounds, so only the values for the 
aforementioned offshore recruited group are used as indicators. For example, in 2008, there 
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was a large catch of whitebait in coastal areas and a large catch of juveniles by set nets, etc., 
but the indices based on offshore surveys were not high, and recruitment was estimated to be 
high in the coastal recruitment group, but not particularly high in the offshore recruited group. 
In contrast, in 2010, recruitment was low in coastal areas, but was outstandingly high compared 
to previous years in the offshore recruited group. 
 
(3) Trends in biomass and fishing mortality 

The stock biomass increased in the 1970s, and stayed high at over 10 million tons in the 
1980s, but turned to a decline on entering the 1990s (Figure 4-3, Table 3-1, Appendix Table 2-
1). The biomass fell below 1 million tons in 1994, and fluctuated around 700 thousand to 900 
thousand tons until 1999. Then it further declined and stayed low at around 100 thousand tons 
from 2002 to 2009. However, from 2010 onward, the biomass turned to an increase due to 
continuous, relatively favorable recruitment and a decline in the exploitation rate, exceeding 
1 million tons in 2014. The biomass further increased after that as favorable recruitment 
continued, and was estimated to be 3.415 million tons in 2019. The spawning biomass remained 
below 100 thousand tons from 2002 onward, but increased from 2011, reaching an estimate of 
1.585 million tons in 2019 (Figure 4-3, Table 3-1, Appendix Table 2-1). 

The exploitation rate rose to 40% to 50% levels from the 1990s to the beginning of the 2000s 
in correspondence with changes in fishing effort, leading to a decrease in stock biomass (Figure 
4-3, Table 3-1). After that, the exploitation rate trended down, except for rising to 58% in 2007, 
and has stayed at a low level around 15% recently. 

Figure 4-4 and Table 3-1 show fluctuations in recruitment and recruitment per spawning 
(RPS). From 1976 to 1981, the RPS was high at 36.0 to 65.6 individuals/kg, except in 1979, 
and the spawning biomass increased along with the increase in recruitment. From 1982 to 1987, 
the RPS was around 20 individuals/kg, and a high recruitment level continued due to high 
spawning biomass. Immediately after the regime shift, from 1988 to 1991, the RPS became 
extremely low at 0.9 to 1.7 individuals/kg, with the recruitment level substantially declining 
and the spawning biomass sharply decreasing. From 1992 to the first half of the 2000s, the 
RPS shifted between 12 to 24 individuals/kg, except becoming low at 5.4 individuals/kg in 
1999 and high at 60.7 individuals/kg in 1996. From the second half of the 2000s onward, a 
high RPS above 30 individuals/kg has been observed frequently, and the RPS has not fallen 
below 10 individuals/kg in any year. 

As a sensitivity analysis of natural mortality (M) in cohort analysis, we used 0.3 and 0.5 as 
alternatives to the base value of 0.4 assumed in this assessment, and estimated the stock 
biomass and spawning biomass for 2019 (Figure 4-5). When M was larger (smaller), the 
estimated stock biomass and spawning biomass also became larger (smaller). When M was 0.3 
and 0.5, the stock biomass was 84% and 125%, and the spawning biomass was 91% and 114%, 
respectively, compared to when M was 0.4. 
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Item Value Explanation 

SB2019 1.585 thousand tons  Spawning biomass in 2019 

F2019 (Ages 0, 1, 2, 3, 4, 5 and above) = (0.05, 0.12, 0.81, 0.32, 0.20, 0.20) 

U2019 15.3% Exploitation rate in 2019 

 
(4) Yield per recruitment (YPR), spawning per recruitment (SPR) and current fishing mortality 

In order to compare the fishing mortality (F) considering the influence of selectivity, we 
made a comparison with the case with no fishing mortality, based on the SPR. Figure 4-6 shows 
the ratio of SPR with catch to SPR assuming no catch (%SPR) for each year. The lower the 
fishing mortality, the higher the %SPR. The %SPR declined from the end of the 1980s through 
the 1990s to the beginning of the 2000s, and the fishing mortality increased as the stock 
biomass decreased, showing a relationship where fishing mortality was causing a decrease in 
resources. From 2008 onward, the %SPR has been on an increase, and fishing mortality has 
maintained a relatively low level. The %SPR in 2019 was 39.8%. The current fishing mortality, 
which is the %SPR calculated from the average F value of the latest 5 years (from 2015 to 
2019), was 41.8%. 

Figure 4-7 shows the relationship between YPR and %SPR for the current fishing mortality. 
As for the selectivity in F, we used the selectivity value which was used to estimate F that 
produces the maximum sustainable yield (MSY) (Fmsy) (Furuichi et al. 2020a) at the 
"Research Institute Meeting on Reference Points" held in March 2020. For the average body 
weight at age and the maturity rate, we also used the values which were used to calculate Fmsy. 
Fmsy corresponds to 40.0% in %SPR. Current fishing mortality (F2016-F2019) is lower than 
F30%SPR, and is approximately the same as F0.1. 
 

Item Value Explanation 

%SPR (F2019) 39.8%  %SPR in 2019 

%SPR (F2015-2019) 41.8%  
%SPR corresponding to the current fishing mortality (2015 to 
2019) 

 
(5) Stock-recruitment relationship 

Figure 4-8 shows the relationship between spawning biomass (in weight) and recruitment 
(in the number of individuals) (stock-recruitment [S-R] relationship). The biomass of the 
present stock is known to change dramatically in synchronization with the interdecadal global 
shift in the structure of systems including the atmospheric system and marine ecosystems 
(regime shift) (Kawasaki 1992, Klyashtorin 1998, Chavez et al. 2003). The changes in the 
ocean environment and other elements are likely to have affected the environmental carrying 
capacity and recruitment success (Tanaka 2003, Yatsu et al. 2005), and have also changed the 
S-R relationship. Thus, at the abovementioned "Research Institute Meeting on Reference 
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Points," it was assumed that the S-R relationship of the present stock can be divided into two 
modes based on the recruitment level: the normal recruitment period (from 1988 to 2018) and 
the high recruitment period (from 1976 to 1987). The present stock may be shifting to a high 
recruitment period as favorable recruitment has continued in recent years, but the expansion 
of spawning grounds to Satsunan, which was observed in the past high recruitment period, still 
cannot be found, and there are many differences from the past high recruitment period also 
from the ocean environment aspect, such as the Oyashio Current area being small in spring. It 
is quite uncertain whether the same scale of recruitment as that in the past high recruitment 
period will occur under the current environment. Therefore, at the abovementioned "Research 
Institute Meeting on Reference Points," it was proposed that the hockey stick S-R relationship 
estimated for the normal recruitment period (from 1988 to 2018) should be used for estimating 
the S-R relationship of the present stock (Furuichi et al. 2020a). Here, the data used for 
estimating the parameters for the S-R relationship are the spawning biomass and recruitment 
based on the stock assessment conducted in 2019 (Furuichi et al. 2020b), and as for the 
optimization method, the least squares method is used. The model does not consider 
autocorrelation between the residuals of the recruitment. The parameters for the S-R 
relationship are shown in the table below. 
 

S-R relationship Optimization method Autocorrelation a b S.D. ρ 

Hockey stick Least squares method No 0.026 764,050 0.705 - 

Here, parameter a is the steepness (thousand individuals/kg) of the hockey stick (HS) S-R 
curve from the origin to the break point, and b is the spawning biomass (tons) at the break 
point. 
 
(6) Level that produces MSY under the current environment 

The present stock may be shifting to a high recruitment period, as favorable recruitment has 
continued in recent years, but the current environment has many differences from the past high 
recruitment period, and it is quite uncertain whether the same scale of recruitment as that in 
the past high recruitment period will occur. Therefore, it is assumed that the current status is a 
normal recruitment period. The values estimated at the abovementioned "Research Institute 
Meeting on Reference Points" as the spawning biomass that produces MSY (SBmsy) and the 
catch that produces MSY under the environment in a normal recruitment period (Furuichi et 
al. 2020a) are shown in the table below. 
 

Item Value Explanation 

SBmsy 1.187 million tons Spawning biomass that produces MSY 

Fmsy 
Fishing mortality that produces MSY 
(ages 0, 1, 2, 3, 4, 5 and above) = (0.18, 0.18, 0.24, 0.50, 0.50, 0.50) 
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%SPR (Fmsy) 40.0% %SPR corresponding to Fmsy 

MSY 389 thousand tons Maximum sustainable yield 

 
(7) Stock status, stock trend and level of fishing mortality 

Figure 4-9 shows a Kobe plot based on the spawning biomass that produces MSY and fishing 
mortality that produces MSY. The spawning biomass of the present stock in 2019 was above 
the level of spawning biomass that produces MSY (SBmsy), and the spawning biomass in 2019 
was 1.33 larger than SBmsy. The fishing mortality in 2019 was below the fishing mortality (F) 
that produces MSY (Fmsy), and F in 2019 was 1.01 times larger than Fmsy. The ratio of F 
(F/Fmsy) indicated on the Kobe plot shows the yearly ratio between F and F under the current 
selectivity that produces Fmsy, which was converted to %SPR. The trend of spawning biomass 
is determined to be "increasing" in light of the transition over the past five years (2015 to 
2019). The spawning biomass of the present stock was below SBmsy from the second half of 
the 1990s to the first half of the 2010s, but from 2014 onward, F declined below or to 
approximately the same level as Fmsy, and BS from 2017 onward has been recovered to and 
maintained at a level above SBmsy. 
 

Item Value Explanation 

SB2019/SBmsy 1.33 Ratio of the spawning biomass in 2019 to the spawning biomass 
that produces MSY 

F2019/Fmsy 1.01 Ratio of the fishing mortality in 2019 to the fishing mortality that 
produces MSY* 

* Ratio between F in 2019 and F under the selectivity in 2019 that gives Fmsy which has been 
converted into %SPR. 
 

Level of spawning biomass Above SBmsy 

Level of fishing mortality Approx. the same as Fmsy 

Trend in spawning biomass Increasing 

 
4. Stock assessment summary 

Although the stock biomass remained high at over 10 million tons in the 1980s, it sharply 
declined on entering the 1990s, and stayed low at around 100 thousand tons from 2002 to 2009. 
Then, from 2010 to 2014, the biomass turned to an increase due to continuous, relatively 
favorable recruitment and a decline in the fishing mortality, exceeding 1 million tons in 2014. 
The biomass further increased after that as favorable recruitment continued, and was estimated 
to be 3.415 million tons in 2019. The spawning biomass remained below 100 thousand tons 
from 2002 onward, but increased from 2011, reaching an estimate of 1.585 million tons in 
2019. 
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The fishing mortality declined in the second half of the 2000s, and has maintained a level 
below or approximately the same level as the level that produces MSY (Fmsy) in recent years. 
The spawning biomass increased in line with the decline in fishing mortality, exceeding the 
level that produces MSY (SBmsy) from 2017 onward. The trend of spawning biomass is 
determined to be "increasing" in light of the transition over the past five years (2015 to 2019). 
 
5. Others 

In the Japanese sardine Pacific stock, all individuals are estimated to become mature at age 
2. Because of this, in order to secure more than a certain level of spawning biomass that is 
necessary for increasing or maintaining the stock, it is considered to be essential to examine 
the harvest strategy for each age so as to prevent excessive fishing mortality of juveniles. 
Looking at past developments, a shift to a high abundance period has involved changes in 
marine ecosystems, and has also had a large impact on society, such as the fishery industry. 
Therefore, it is desirable to identify the timing of the shift to a high abundance period as early 
as possible. As we have been able to identify the recruitment in the current year with a certain 
level of accuracy under the current survey framework, it is considered to be possible to make 
a projection to some extent of the stock trend in a few years' time, when the recruits become 
the main fishery targets. Also for further improving the projection accuracy and elucidating 
the mechanism of changes in biomass, it is necessary to continue to advance related 
investigations and studies, and to keep a close watch on changes in the environment and 
associated stock trends, such as an outbreak of recruitment groups or a rapid decrease in stock. 
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分布域 Distribution range 
産卵場 Spawning grounds 

 
Figure 2-1. Distribution range and spawning grounds of Japanese sardine Pacific stock 
 

 
被鱗体長（cm） Scaled body length (cm) 
年齢 Age 
体重（g） Body weight (g) 
被鱗体長 Scaled body length 
体重 Body weight 

 
Figure 2-2. Age and growth (average of catches in 2017 to 2019) 
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成熟率 Maturity rate 
年齢 Age 

 
Figure 2-3. Age and maturity rate 

 
漁獲量（百万トン） Catch (million tons) 
年 Year 
三重県以東 Areas east of Mie Prefecture 
和歌山県以西 Areas west of Wakayama Prefecture 

 
Figure 3-1. Changes in catch volume 
 

 
年齢別漁獲尾数（十億尾） Catch in number at age (billion individuals) 
年 Year 

 
Figure 3-2. Changes in catch in number at age 
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資源量指数・有効努力量（×103） Abundance index,effective effort (×103) 
漁獲量（×103） Catch (×103) 
年 Year 
漁獲量（トン） Catch (tons) 
資源量指数（トン/回） Abundance index (tons/haul) 
有効努力量（回） Effective effort (hauls) 

 
Figure 3-3. Changes in the effective effort and catch of the northern purse seine fishery and 
the abundance index (JAFIC data; not including eastern Hokkaido) 

Effort = number of hauls, abundance index = CPUE per 30-minute Σ latitude-longitude grid, 
effective effort = catch/density index, density index = abundance index/number of grids with 
no significant catch. 

 
有効努力量 Effective effort 
月 Month 
2000 年以降平均 Average of 2000 onward 

 
Figure 3-4. Monthly changes in the effective effort of the northern purse seine fishery 
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産卵量（千兆粒） Egg production (thousand trillion eggs) 
年 Year 
太平洋側全域 Entire Pacific Ocean side 
紀伊水道～土佐湾～日向灘 Kii Strait - Tosa Bay - Hyuga Nada 
東北～関東近海～潮岬 Tohoku - waters near Kanto - Cape Shionomisaki 

 
Figure 4-1. Changes in egg production 

Values for October of the previous year to September of the current year provided by the 
Egg and Larvae Survey Association 
Values for 2020 are provisional values for the period until May. Values for the entire 
Pacific Ocean side are the values for Regions I to IV under the association's classification, 
the values for Kii Strait - Tosa Bay - Hyuga Nada are the values for Region III, and the 
values for Tohoku - waters near Kanto - Cape Shionomisaki are the values for Regions I 
and II. 

 
 
資源量指数相対値（最大値を 100 とした

値） 
Relative values of abundance indices (with 
the index maximum set at 100) 

年 Year 
移行域加入量指数 Recruitment index for the transition area 
北上期 0 歳魚分布量 Distribution of age 0 fish in the northward 

migration period 
秋季亜寒帯域 0 歳魚現存量 Standing stock of age 0 fish in the subarctic 

region in fall 
未成魚越冬群指数 Index for wintering juveniles 
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Figure 4-2. Changes in abundance indices that serve as indicators for recruitment 
For details of the indices, see Appendix 3. 
As the index for wintering juveniles corresponds to the recruitment in the previous year, the 
value is shown for the corresponding previous year, and values for 2002 onward are shown. 
Values of the recruitment index for the transition area for 2018 onward are based on a 
different survey period from the values up to 2017, so caution is required when making a 
comparison. 

 

 
資源量・親魚量（百万トン） Stock biomass, spawning biomass (million tons) 
漁獲割合 Exploitation rate 
年 Year 
資源量 Stock biomass 
親魚量 Spawning biomass 
漁獲割合 Exploitation rate 

 
Figure 4-3. Changes in stock biomass, spawning biomass, and exploitation rate 
 

 
加入量（十億尾） Recruitment (billion individuals) 
再生産成功率（尾/kg） Recruitment per spawning (individuals/kg) 
年 Year 
加入量 Recruitment 
再生産成功率 Recruitment per spawning 

 
Figure 4-4. Changes in recruitment and RPS 
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資源量・親魚量（千トン） Stock biomass, spawning biomass (thousand tons) 
資源量 Stock biomass 
親魚量 Spawning biomass 

 
Figure 4-5. Relationship between natural mortality (M) and the stock biomass and spawning 
biomass 

Sensitivity analysis of estimate values for 2019 against changes in M. 
 

 
年 Year 

 
Figure 4-6. Changes in %SPR values 

The %SPR indicates the ratio of spawning biomass with catch to spawning biomass 
assuming no catch. The higher (lower) the F, the lower (higher) the %SPR. 
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現状の漁獲圧に対する比 Ratio to the current fishing mortality 
YPR（g/尾） YPR (g/individual) 

 
Figure 4-7. Relationship between YPR and %SPR for the current fishing mortality (F2015-
F2019) 

  

加入尾数（十億尾） Recruitment (billion individuals) 
親魚資源量（千トン） Spawning biomass (thousand tons) 

 
Enlarged view 

 

加入尾数（十億尾） Recruitment (billion individuals) 
親魚資源量（千トン） Spawning biomass (thousand tons) 
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Figure 4-8. Relationship between spawning biomass and recruitment (S-R relationship) 
The S-R relationship proposed at the "Research Institute Meeting on Reference Points" held 
in March 2020 (Furuichi et al. 2020a) 
The blue line shows the S-R relationship in the high recruitment period (from 1976 to 1987) 
and the red line shows the S-R relationship in the normal recruitment period (from 1988 to 
2018). The circles are actual measurement data (from 1976 to 2019), and the black circles 
indicate values for the high recruitment period, white while circles indicate values for the 
normal recruitment period. The dotted lines above and below the S-R relationship show the 
range that is estimated to cover 90% of the observation data under the assumed S-R 
relationship. Numbers in the figure denote the year class. 

 

 
漁獲圧の比 F/Fmsy 
親魚量の比 SB/SBmsy 

 
Enlarged view  

 
漁獲圧の比 F/Fmsy 
親魚量の比 SB/SBmsy 
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Figure 4-9. Relationship of the past spawning biomass and fishing mortality to the spawning 
biomass that produces MSY (SBmsy) and fishing mortality that produces MSY (Fmsy) (Kobe 
plot) 
 
Table 3-1. Catch and cohort analysis results 

 
年 Year 
漁獲量 （千トン） Catch (thousand tons) 
資源量（千トン） Stock biomass (thousand tons) 
親魚量（千トン） Spawning biomass (thousand tons) 
加入量（億尾） Recruitment (100 million individuals) 
漁獲割合 Exploitation rate (%) 
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再生産成功率（尾/kg） Recruitment per spawning (individuals/kg) 
太平洋合計 Pacific Ocean total 
三重県以東 Areas east of Mie Prefecture 
和歌山県以西 Areas west of Wakayama Prefecture 

 
Table 4-1. Egg production (trillion eggs) 

Values for October of the previous year to September of the current year (values for 2020 
are provisional values for the period until May). Underlined values in bold are values used 
for tuning of the cohort analysis. 

 

 
Ⅰ･Ⅱ区 Regions I and II 
Ⅰ~Ⅳ区 Regions I to IV 

 
Table 4-2. Recruitment index for the transition area based on the transitional area larva/juvenile 
survey (May to June) 
 

 
移行域加入量指数 Recruitment index for the transition area 

 
Table 4-3. Distribution of age 0 fish in the northward migration period (100 million 
individuals) and distribution of fish of age 1 and above (100 million individuals) in the 
transition area to the Oyashio Current region based on the pelagic fish survey in the 
Northwestern Pacific in the northward migration period (May to July) 
 

 
0 歳魚 Age 0 fish 
1 歳以上 Fish of age 1 and above 
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Table 4-4. Standing stock of age 0 fish in the subarctic region in fall (million individuals) and 
distribution density (individuals/km2) based on the pelagic fish surveys in the Northwestern 
Pacific in fall (September to October) 

Underlined values in bold are values used for tuning of the cohort analysis. 
 

 
現存量 Standing stock 
分布密度 Distribution density 

 
Table 4-5. Index for wintering juveniles (Chiba Prefectural Fisheries Experimental Station, 
Ibaraki Prefectural Fisheries Experimental Station) 

Underlined values in bold are values used for tuning of the cohort analysis. 
 

 

未成魚越冬群指数 Index for wintering juveniles 
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Appendix 1. The workflow of stock assessment 
 

 
年齢別・年別漁獲尾数 Catch in number at age and by year 
資源量指標値 Abundance indices 
年齢別・年別漁獲尾数、資源調査につい

ては補足資料 2、3 を参照 
For details of the catch in number at age and 
by year and surveys, see Appendices 2 and 3. 

コホート解析（具体的な方法は補足資料

2 を参照） 
Cohort analysis (for the specific method, see 
Appendix 2) 

自然死亡係数は 0.4 を仮定 Natural mortality is assumed as 0.4. 
年齢別・年別資源尾数 Number of fish at age and by year 
年齢別・年別漁獲係数 Fishing mortality at age and by year 
2020 年への前進計算 Forward computation to 2020 
2020 年の年齢別資源尾数・親魚量 Number of fish and spawning biomass at age 

in 2020 
2020 年の新規加入量の仮定 Assumption of new recruitment in 2020 
ホッケー・スティック型再生産関係

（1988～2018 年級群の加入量・親魚量

に基づく）と 2020 年の親魚量から算出 

Estimated from hockey stick S-R 
relationship (based on recruitment / 
spawning biomass of 1988-2018 year 
classes) and the spawning biomass in 2020 

2021 年への前進計算 Forward computation to 2021 
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2020 年の F は、選択率や生物パラメー

タは「管理基準値等に関する研究機関会

議」と同条件の下で 2015-2019 年の F 単

純平均に対応する SPR(41.8）を与える F
値を仮定 

F for 2020 is assumed to be the F value that 
gives the %SPR (41.8) that corresponds to 
the simple average of F in 2015 to 2019 
where the selectivity and biological 
parameters are the same as those proposed 
at the "Research Institute Meeting on 
Reference Points." 

2021 年以降の年齢別・年別資源尾数と

親魚量 
Number of fish and spawning biomass at 
age and by year in 2021 onward 

2021 年以降の新規加入量の仮定 Assumption of new recruitment in 2021 
onward 

ホッケー・ スティック型再生産関係

（1988～2018 年級群の加入量・親魚量

に基づく）と将来予測における年々の親

魚量から算出 

Estimated from hockey stick S-R 
relationship (based on recruitment / 
spawning biomass of 1988-2018 year 
classes) and the spawning biomass 
projected for each year 

2022 年以降への前進計算 Forward computation to 2022 onward 
漁獲管理規則に基づく漁獲量算出 Estimation of catch based on harvest 

control rules (HCRs) 
漁獲管理規則は、限界管理基準値、禁漁

水準、安全係数 β により決定 
HCRs are decided based on the limit 
reference point, fishing ban level, and 
safety coefficient β. 

中長期的な将来予測 Medium- to long-term future projection 
2021 年の ABC ABC of 2021 
2021 年の親魚量予測値から漁獲管理規

則で算出される許容漁獲量 
Allowable catch based on the predicted 
spawning biomass in 2021 and HCRs 

* Workflows in the dashed box are decided based on discussions on reference points and HCRs 
at the Committee of Stock Management Policy. 
(https://www.jfa.maff.go.jp/j/press/sigen/200529_29.html) 
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Appendix 2. Calculation method 
 
(1) Stock calculation method 

We estimated the catch in number at age, the number of fish, and biomass using tuned VPA 
(cohort analysis) (the results are shown in Appendix Table 2-1). Considering the life history 
and the seasonality of catches, we set the start of the fishing season to January and categorized 
the ages into the following six groups: age 0, age 1, age 2, age 3, age 4, and the oldest age 
group comprising ages 5 and above ("age 5+"; plus group). Although the spawning season 
extends from fall to spring, we assumed adults spawning in fall of year y-1 to spring of year y 
to be spawning adults in year y. The approximate equation by Pope (1972) was used. The 
method by Hiramatsu (1999) was used for the calculation of the oldest age group. We set 
natural mortality (M) at 0.4 based on the equation indicated by Tanaka (1960), M = 
2.5/longevity, and longevity of 7 years. 

The number of fish at age and by year was calculated based on equation (1). 
 

 
  

Here, Na,y and Ca,y are the number of fish and catch in number, respectively, of age a fish in 
year y. However, the abundance in the most recent year (year t; here, 2019) and the number of 
fish for the oldest age group (subscript p; here, age 5+) and fish of the oldest age-1 (p-1; here, 
age 4) were based on equations (2), (3), and (4), respectively. 

 
 

We calculated fishing mortality F based on equation (5), except for F in the most recent year 
and F for the oldest age group. 

 

F for the oldest age group was assumed to be equal to F for the oldest age-1 in all years 
(Hiramatsu 1999; equation (6)). 
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We obtained F for ages 0 to 4 in the most recent year (terminal F) in an exploratory manner 
by tuning. As it has been pointed out that the stock's selectivity at age varies substantially by 
year, and that accurate assessment cannot be made by setting terminal F under an assumption 
that "selectivity at age has been stable in recent years" (Hiramatsu 2009), we explored the F 
values for ages 0 to 4 in 2019 without assuming stable selectivity. The indices and the 
corresponding estimate values used for the tuning are the three types below (Appendix Table 
2-2). The period subject to the indices was in and after 2005, when the survey of pelagic fish 
in fall started (in an after 2006 for the index for wintering juveniles, as it is the index for 
abundance of age 1 fish and corresponds to recruitment in the previous year). 

(i) Standing stock of age 0 fish in the subarctic region in fall based on the pelagic fish 
survey in the Northwestern Pacific in fall for 2005 to 2019 (I1) / the number of age 0 fish 
(N0) 
(ii) Index for wintering juveniles for 2006 to 2020 (Chiba Prefectural Fisheries 
Experimental Station, Ibaraki Prefectural Fisheries Experimental Station, I2) / stock 
biomass of age 1 fish (B1) 
(iii) Egg production in sea areas to the east of Cape Shionomisaki (Regions I and II) for 
2005 to 2020 (I3) / spawning biomass (SB) 

However, we excluded the standing stock of age 0 fish based on the survey of pelagic fish 
in fall for 2007 from the tuning as its survey area only covered a small part of the sea area 
subject to the estimation and the estimation accuracy was considered to be low 
(underestimation). In order to ensure stability in the estimation values of terminal F, we applied 
ridge VPA (Okamura et al. 2017) to the cohort analysis. It is a technique to obtain terminal F 
by minimizing a function that has added a penalty parameter to the residual sum of squares. 
The penalty size is decided to minimize the retrospective bias (Mohn’s ρ; Mohn 1999). In the 
present stock, however, a trade-off relationship was observed where a lower bias in spawning 
biomass resulted in a higher negative bias in recruitment. As a normal penalty parameter for 
ridge VPA is the sum of squares of F at age in the terminal year, there was a possibility that F 
for age 0 fish became excessively large due to the influence of F for older fish. Thus, in this 
assessment, we used a technique to change the weight of penalty for fish of age 1 and above 
and age 0 fish as shown in equation (7). As a result, the trade off was eliminated to a certain 
extent. 

 
Here, λ is the penalty size in ridge regression, and η is the relative weight of F for age 0 fish 

to F for fish of age 1 and above in the penalty parameter, both taking a value between 0 to 1. 
Ik,y is the value of index k in year y. qk is the proportional constant for index k, Xk,y is the 
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objective value (recruitment, biomass of age 1 fish, and spawning biomass) for index k in year 
y calculated from the cohort analysis, and bk is a coefficient that represents the non-linear 
relationship between index and estimated VPA values. qk and bk were estimated based on 
equation (8) below. 

 

 

Here, nk is the length of years used in tuning of index k. V and Cov are variance and 
covariance, respectively. For the standing stock of age 0 fish in the subarctic region in fall (k 
= 1) and index for wintering juveniles (k = 2), we assumed a nonlinear relationship (bk ≠ 1). 
Egg production (k = 3) showed a roughly proportional relationship with spawning biomass, so 
we fixed the relationship at bk = 1. 

The retrospective bias (Mohn’s ρ) is the average of relative values between the estimate 
value for each year based on full data up to terminal year Y (2019) in the latest stock assessment 
and the estimate value for terminal year where data for i years are lacking from latest data 
(year Y-i). The number of years to be removed was set at 5 years. We selected λ and η by the 
following method. We changed λ and η at 0.01 intervals between 0 and 1, and selected 
combinations of λ and η for which the retrospective bias fell within ±20%(ρ = ± 0.2) for all of 
stock biomass, spawning biomass, the number of fish, recruitment, and average F. From those 
combinations, we selected a combination that minimized the sum of absolute values of 
retrospective bias. λ was 0.93 and η was 0.99. The estimate values of the parameters were 
F0,2019 = 0.05, F1,2019 = 0.12, F2,2019 = 0.81, F3,2019 = 0.32, F4,2019 = F5+,2019 = 0.20, q1 = 0.13, q2 
= 38.2, q3 = 0.41, b1 = 1.17, and b2 = 0.68. 

We assessed the uncertainty of the estimated recruitment, stock biomass, and spawning 
biomass by nonparametric bootstrapping (Appendix Figure 2-1). We created new abundance 
indices by resampling the residuals between the observation values and projected values in the 
tuning, and performed iterations of the VPA using those indices. We performed 10,000 
iterations to obtain confidence intervals. The 90% confidence intervals for the respective 
estimate values for 2019 were recruitment (100 million individuals) [149, 1,094], stock 
biomass (thousand tons) [2,426, 6,986], spawning biomass (thousand tons) [1,161, 3,219], F0 
[0.02, 0.14], F1 [0.05, 0.36], F2 [0.21, 1.54], F3 [0.10, 1.16], and F4 [0.07, 0.82]. 
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Appendix Table 2-1. Details of cohort analysis results 

 
年齢別漁獲尾数（百万尾） Catch in number at age (million individuals) 
年齢＼年 Age＼Year 
0 歳 Age 0 
1 歳 Age 1 
2 歳 Age 2 
3 歳 Age 3 
4 歳 Age 4 
5 歳以上 Age 5 and above 
計 Total 
年齢別漁獲量（千トン） Catch at age (thousand tons) 
漁獲割合 Exploitation rate 
年齢別漁獲係数（F） Fishing mortality (F) at age 
単純平均 Simple average 
年齢別資源尾数（百万尾） Number of fish at age (million individuals) 
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年齢別資源量（千トン）､親魚量（千

トン）、再生産成功率（RPS、尾/kg） 
Stock biomass at age (thousand tons), 
spawning biomass (thousand tons),RPS 
(individuals/kg) 

親魚量 Spawning biomass 
年齢別平均体重（g） Average body weight at age (g) 

 
Appendix Table 2-1. Details of cohort analysis results (continued) 

 

年齢別漁獲尾数（百万尾） Catch in number at age (million individuals) 
年齢＼年 Age＼Year 
0 歳 Age 0 
1 歳 Age 1 
2 歳 Age 2 
3 歳 Age 3 
4 歳 Age 4 
5 歳以上 Age 5 and above 
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計 Total 
年齢別漁獲量（千トン） Catch at age (thousand tons) 
漁獲割合 Exploitation rate 
年齢別漁獲係数（F） Fishing mortality (F) at age 
単純平均 Simple average 
年齢別資源尾数（百万尾） Number of fish at age (million individuals) 
年齢別資源量（千トン）､親魚量（千

トン）、再生産成功率（RPS、尾/kg） 
Stock biomass at age (thousand tons), 
spawning biomass (thousand tons),RPS 
(individuals/kg) 

親魚量 Spawning biomass 
年齢別平均体重（g） Average body weight at age (g) 

 

 

年齢別漁獲尾数（百万尾） Catch in number at age (million individuals) 
年齢＼年 Age＼Year 
0 歳 Age 0 
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1 歳 Age 1 
2 歳 Age 2 
3 歳 Age 3 
4 歳 Age 4 
5 歳以上 Age 5 and above 
計 Total 
年齢別漁獲量（千トン） Catch at age (thousand tons) 
漁獲割合 Exploitation rate 
年齢別漁獲係数（F） Fishing mortality (F) at age 
単純平均 Simple average 
年齢別資源尾数（百万尾） Number of fish at age (million individuals) 
年齢別資源量（千トン）､親魚量（千

トン）、再生産成功率（RPS、尾/kg） 
Stock biomass at age (thousand tons), 
spawning biomass (thousand tons),RPS 
(individuals/kg) 

親魚量 Spawning biomass 
年齢別平均体重（g） Average body weight at age (g) 
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年齢別漁獲尾数（百万尾） Catch in number at age (million individuals) 
年齢＼年 Age＼Year 
0 歳 Age 0 
1 歳 Age 1 
2 歳 Age 2 
3 歳 Age 3 
4 歳 Age 4 
5 歳以上 Age 5 and above 
計 Total 
年齢別漁獲量（千トン） Catch at age (thousand tons) 
漁獲割合 Exploitation rate 
年齢別漁獲係数（F） Fishing mortality (F) at age 
単純平均 Simple average 
年齢別資源尾数（百万尾） Number of fish at age (million individuals) 
年齢別資源量（千トン）､親魚量（千

トン）、再生産成功率（RPS、尾/kg） 
Stock biomass at age (thousand tons), 
spawning biomass (thousand tons),RPS 
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(individuals/kg) 

親魚量 Spawning biomass 
年齢別平均体重（g） Average body weight at age (g) 

 

 
年齢別漁獲尾数（百万尾） Catch in number at age (million individuals) 
年齢＼年 Age＼Year 
0 歳 Age 0 
1 歳 Age 1 
2 歳 Age 2 
3 歳 Age 3 
4 歳 Age 4 
5 歳以上 Age 5 and above 
計 Total 
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年齢別漁獲量（千トン） Catch at age (thousand tons) 
漁獲割合 Exploitation rate 
年齢別漁獲係数（F） Fishing mortality (F) at age 
単純平均 Simple average 
年齢別資源尾数（百万尾） Number of fish at age (million individuals) 
年齢別資源量（千トン）､親魚量（千

トン）、再生産成功率（RPS、尾/kg） 
Stock biomass at age (thousand tons), 
spawning biomass (thousand tons),RPS 
(individuals/kg) 

親魚量 Spawning biomass 
年齢別平均体重（g） Average body weight at age (g) 

 
Appendix Table 2-2. Values of indices used for tuning 

*The standing stock of age 0 fish in the subarctic region in fall for 2007 was excluded from 
the tuning as the survey area was too small to fully cover the estimated main distribution 
area of age 0 fish of Japanese sardines and the estimation accuracy was considered to be low 
(underestimation). 

 
① 秋季亜寒帯域 0 歳魚現存量（百万

尾） 
(i) Standing stock of age 0 fish in the subarctic 
region in fall (million individuals) 

② 未成魚越冬群指数 (ii) Index for wintering juveniles 
③ 潮岬以東海域産卵量（海区Ⅰ・Ⅱ） (iii) Egg production in sea areas to the east of 

Cape Shionomisaki (Regions I and II) 
 

 
資源量（千トン） Stock biomass (thousand tons) 
親魚量（千トン） Spawning biomass (thousand tons) 
加入量（億尾） Recruitment (100 million individuals) 
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年 Year 
 
Appendix Figure 2-1. Estimate values and 90% confidence intervals of (a) stock biomass, (b) 
spawning biomass, and (c) recruitment 

Solid lines indicate estimate values, and broken lines indicate 90% confidence intervals. 
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Appendix 3. Outline of surveys conducted for stock assessment 
 

(1) Surveys of catch and surveys of fishery conditions at major ports and fishing grounds 
Related experimental and research institutions collect data on the catch volume as well as the 

body length, body weight, age, maturity and other attributes of the catch landed at major ports. 
They analyze the length-weight, length-age, age-maturity, and other relationships based on the 
collected data, and estimate catch at age based on catch data of agricultural and forestry 
statistics. In addition, institutions conduct fisheries status surveys and sampling vessel surveys 
at various fishing grounds, and survey distribution and recruitment in adjacent waters. In the 
Boso-Joban sea area in winter, Chiba Prefectural Fisheries Experimental Station and Ibaraki 
Prefectural Fisheries Experimental Station survey the CPUE, fishing grounds distribution, and 
catch composition of large- to medium-scale purse seine fishery, and obtain the index for 
wintering juveniles, which serves as an indicator for stock biomass. The index for wintering 
juveniles is a value obtained by deriving the daily abundance index for "koba" (small) and 
"kochuba" (small to medium) brands, which correspond to age 1 fish, and totaling it for the 
period of their arrival from December of the previous year to April of the current year 
(Uchiyama 1998). 
 
(2) Egg and larval survey 

In order to identify the status of spawning, related experimental and research institutions 
conduct a sampling survey by vertical hauling of modified NORPAC plankton net (45 cm 
mouth diameter; 0.335 mm mesh). Prefectural experimental and research institutions set fixed 
lines along an adjacent coast, and conduct the survey all year round on an approximately 
monthly basis. The NRIFS conducts a large-scale survey from areas near Kanto to areas around 
the Kuroshio Current in Satsunan in the spawning season from February to March, and also 
conducts sampling through other offshore oceanic/resource surveys as needed. The Egg and 
Larvae Survey Association compiles the obtained results and estimates egg production by sea 
area. The association classifies sea areas as follows: Region I - area to the north of Joban; 
Region II - Boso to Kumano Nada; Region III - area outside Kii Strait to Hyuga Nada; and 
Region IV - Satsunan. 
 
(3) Recruitment survey / offshore distribution survey 

The following surveys are conducted to identify the status of resources in offshore areas 
outside fishing grounds. 
(i) Transitional area larva/juvenile survey: Since 1996, the Japan Fisheries Research and 

Education Agency (FRA) has conducted sampling of larvae and juveniles using a midwater 
trawl for larvae and juveniles (25 m net mouth, 10 mm cod mesh) in part of the Kuroshio-
Oyashio transition area at 35 to 42 degrees north latitude and 143 to 165 degrees east 
longitude in May to June, and calculates the recruitment index by the following method that 
has modified Nishida et al. (2001). 
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Recruitment index = Σ [the median value of CPUE for catch points in each water 
temperature area with sea surface temperature of 1˚C (individuals/net)] × [the ratio of catch 
points in each water temperature area with sea surface temperature of 1˚C] × [the ratio of 
each water temperature area with sea surface temperature of 1˚C to the entire sea area 
surveyed] 

(ii) Pelagic fish survey in the Northwestern Pacific in the northward migration period (stock 
survey of saury in western part of the North Pacific, stock survey of pelagic fishes in the 
northward migration period): Since 2001, the FRA has conducted surveys of catch using a 
midwater trawl (30 m net mouth, 17 mm cod mesh) in the transition area to the Oyashio 
Current region from May to July, and has estimated the distribution of fish. 

(iii) Pelagic fish survey in the Northwestern Pacific in fall: Since 2005, the FRA has conducted 
stock surveys using a quantitative echo sounder and surveys of catch using a midwater trawl 
(30 m net mouth, 17 mm cod mesh) in waters off Sanriku to eastern Hokkaido and to the 
east of the Kuril Islands from September to October. Based on the results, the agency has 
identified the distribution status of fish of age 1 and above and has estimated the standing 
stock of age 0 fish in the area with a sea surface temperature of 10 to 15°C in the subarctic 
region at 145 to 170 degrees east longitude. 

(iv) Drift-net fishing survey in waters from Sanriku to eastern Hokkaido: Kushiro Fisheries 
Research Institute, Fisheries Research Department, Hokkaido Research Organization 
conducts a drift-net fishing survey in waters from Sanriku to eastern Hokkaido from spring 
to fall, and identifies the distribution status, body length, age composition, etc. of fish 
schools in offshore areas outside fishing grounds. 

 
References 
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Appendix 4. Kobe plot based on exploitation rate 
 

The figure below shows a Kobe plot based on the spawning biomass and exploitation rate 
(U). The U for the present stock has been lower than the level that produces MSY (Umsy) since 
2012. In line with this, the spawning biomass has increased and has exceeded the level that 
produces MSY (SBmsy) since 2017. 
 

Item Value Explanation 

SBmsy 1.187 million tons Spawning biomass that produces MSY 

Umsy 20.6% Exploitation rate that produces MSY 

U2019 15.3% Exploitation rate in 2019 

U2019/Umsy 0.74 
Ratio of the exploitation rate in 2019 to the exploitation 
rate that produces MSY 

 

 
漁獲割合の比 U/Umsy 
親魚量の比 SB/SBmsy 

 
Enlarged view 

 

漁獲割合の比 U/Umsy 
親魚量の比 SB/SBmsy 

 
Appendix Figure 4-1. Relationship of the past spawning biomass and exploitation rate to the 
spawning biomass that produces MSY (SBmsy) and exploitation rate that produces MSY 
(Umsy) (Kobe plot)  
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Appendix 5. Proposed reference points and fishing ban level, etc. 
 

The reference points and fishing ban level proposed for the present stock are as shown below. 

Item Value Explanation 

Proposed target 
reference point 

1.187 million tons Spawning biomass that produces MSY (SBmsy) 

Proposed limit 
reference point 

487 thousand tons 
Spawning biomass that produces 60% of MSY 
(SB0.6msy) 

Proposed fishing 
ban level 

69 thousand tons 
Spawning biomass that produces 10% of MSY 
(SB0.1msy) 

 
It was proposed at the "Research Institute Meeting on Reference Points" held in March 2020 
that the spawning biomass that produces MSY (SBmsy: 1.187 million tons) be used for the 
target reference point (SBtarget), the spawning biomass that produces 60% of MSY 
(SB0.6msy: 487 thousand tons) be used for the limit reference point (SBlimit), and the 
spawning biomass that produces 10% of MSY (SB0.1msy: 69 thousand tons) be used for the 
fishing ban level (SBban). 

Appendix Figure 5-1 shows a Kobe plot based on the proposed SBtarget and fishing 
mortality that produces MSY (Fmsy). The spawning biomass in 2019 (SB2019: 1.585 million 
tons) obtained by cohort analysis was above the proposed SBtarget. The fishing mortality of 
the present stock had been below Fmsy since 2014, but it is found to be about the same level 
as Fmsy in 2019. 
 

 
漁獲割合の比 F/Fmsy 
親魚量の比 SB/SBmsy 
禁漁水準案 Proposed fishing ban level 
限界管理基準値案 Proposed limit reference point 
目標管理基準値案 Proposed target reference point 

 
Enlarged view  
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漁獲割合の比 U/Umsy 
親魚量の比 SB/SBmsy 
禁漁水準案 Proposed fishing ban level 
限界管理基準値案 Proposed limit reference point 
目標管理基準値案 Proposed target reference point 

 
Appendix Figure 5-1. Relationship between the proposed reference points and spawning 
biomass / fishing mortality (Kobe plot) 
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Appendix 6. Future projection compliant with the proposed harvest control rules 
 
(1) Setting of future projection 

We calculated the future projection for 2020 to 2051 using forward calculation of cohort 
analysis based on the stock biomass (B) in 2019 estimated in stock assessment (Appendix 7). 
For recruitment in the future projection, we used the value predicted from the spawning 
biomass in each year based on the S-R relationship. We assumed error following a lognormal 
distribution as uncertainty in recruitment, and made 10,000 iterations. In addition, although 
study on the appropriateness of the method and the uncertainty in the case where the S-R 
relationship was erroneous is still insufficient, we also calculated a future projection reflecting 
the recent favorable recruitment trend and presented it in Appendix 8. 

The catch in 2020 was assumed from the projected B and the current fishing mortality 
(F2015-2019). For the current fishing mortality, we used the F value that gives %SPR 
corresponding to the fishing mortality in 2015 to 2019 as estimated in this year's assessment, 
under the same conditions of selectivity and biological parameters (average body weight, etc.) 
as those for calculating the proposed reference points. For the fishing mortality in 2021 onward, 
we used the fishing mortality specified in the proposed harvest control rules (HCRs) below 
based on the spawning biomass projected for each year. 
 
(2) Proposed HCRs 

HCRs represent a proposed fishing scenario that specifies the fishing mortality (F), etc. 
corresponding to spawning biomass, taking into consideration the probability of 
maintaining/recovering spawning biomass to a level above the proposed target reference point 
(SBtarget). The "Basic Guidelines for the Harvest Control Rules and the Estimation of the 
Allowable Biological Catch (ABC)" provide that, if spawning biomass is below the proposed 
limit reference point (SBlimit), the fishing mortality is to be reduced in a linear manner to the 
proposed fishing ban level, and if it is above SBlimit, the value obtained by multiplying Fmsy 
by safety coefficient β should be the upper limit of fishing mortality. Appendix Figure 6-1 
shows the HCRs proposed at the "Research Institute Meeting on Reference Points" for the 
present stock. Here, we present a case where safety coefficient β is 0.8, as an example. 
Meanwhile, it was proposed at the Research Institute Meeting that the standard value 0.8 is 
desirable for β, as a result of considering uncertainties, such as the case of shifting to a high 
recruitment period or a case where the S-R relationship stays the same throughout the entire 
period without being clearly divided according to the period. 
 
(3) Projected values for 2021 

The average catch in 2021 estimated based on the proposed HCRs was 698 thousand tons 
where β was 0.8, and 841 thousand tons where β was 1.0. The projected spawning biomass in 
2021 was estimated at 2.882 million tons on average, and the estimation was above SBlimit in 
all iterations (Appendix Table 6-2). 
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Spawning biomass in 2021 (average projection value): 2.882 million tons 

Item 
Catch in 2021 

(thousand tons) 

Ratio to the current 
fishing mortality 
(F/F2015-2019) 

Exploitation rate in 
2021 (%) 

When using β proposed by the Research Institute Meeting in the proposed HCRs 

β = 0.8 698 0.85 19 

Other strategy (when using different β in the proposed HCRs)  

β = 1.0 841 1.07 23 

β = 0.9 771 0.96 21 

β = 0.7 622 0.75 17 

β = 0.6 544 0.64 15 

β = 0 0 0 0 

F2015-2019 797 1.00 22 

 
(4) Projection for 2022 onward 

Appendix Figure 6-2 and Appendix Tables 6-1 and 6-2 show the future projection results 
including 2022 onward. If management based on the proposed HCRs is continued for 10 years, 
the projected spawning biomass in 2031 is 1.416 million tons where β is 0.8 (the 80% 
confidence interval is 0.839 million to 2.118 million tons), and 1.209 million tons where β is 
1.0 (the 80% confidence interval is 0.688 million to 1.840 million tons). The probability of the 
projected spawning biomass being above the proposed target reference point exceeds 50% 
where β is 0.9 or less. The probability of the projected spawning biomass being above the 
proposed limit reference point is 98% where β is 1, 99% where β is 0.9, and 100% in any other 
case. If the current fishing mortality (F2015-2019) is continued, the projected spawning 
biomass in 2031 is 1.271 million tons (the 80% confidence interval is 0.732 million to 1.930 
million tons), and the probability of the projected spawning biomass being above the proposed 
target reference point is 48%, and the probability of the projected spawning biomass being 
above the proposed limit reference point is 99%. 
 

Uncertainty considered: recruitment 

Item 

Spawning 
biomass in 

2031 
(thousand 

tons) 

80% 
confidence 

interval 
(thousand 

tons) 

Probability of the spawning biomass in 2031 being 
above the reference points below (%) 

Proposed target 
reference point 

Proposed limit 
reference point 

Proposed fishing 
ban level 

When using β proposed by the Research Institute Meeting in the proposed HCRs 
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β = 0.8 1,416 839-2,118 60 100 100 

Other strategy (when using different β in the proposed HCRs) 

β = 1.0 1,209 688-1,840 43 98 100 

β = 0.9 1,309 761-1,978 51 99 100 

β = 0.7 1,533 924-2,278 70 100 100 

β = 0.6 1,664 1,017-2,451 79 100 100 

β = 0 3,090 2,071-4,279 100 100 10 

F2015-2019 1,271 732-1,930 48 99 100 

 
a) When the vertical axis is fishing mortality 

 
漁獲圧の比 F/Fmsy 
禁漁水準案 Proposed fishing ban level 
限界管理基準値案 Proposed limit reference point 
目標管理基準値案 Proposed target reference point 

 
b) When the vertical axis is catch 

 
漁獲量（千トン） Catch (thousand tons) 
親魚量（千トン） Spawning biomass (thousand tons) 
禁漁水準案 Proposed fishing ban level 
限界管理基準値案 Proposed limit reference point 
目標管理基準値案 Proposed target reference point 

 
Appendix Figure 6-1. Proposed HCRs 
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加入尾数（十億尾） Recruitment (billion individuals) 
親魚量（千トン） Spawning biomass (thousand tons) 
資源量（千トン） Stock biomass (thousand tons) 
漁獲量（千トン） Catch (thousand tons) 
漁獲割合 Exploitation rate (%) 
漁獲圧の比 Ratio of the fishing mortality to MSY 
年 Year 
（塗り：5-95％予測区間，太い実線：平

均値，細い実線：シミュレーションの 1
例） 

(Shaded: 5-95% prediction interval; thick 
solid line: average value; thin slid line: 
simulation example) 

 
Appendix Figure 6-2. Future projection using proposed HCRs based on proposed reference 
points (red) and future projection in the case of continuing fishing with the current fishing 
mortality (green) 

The thick solid line indicates the average value, the shaded part indicates the 90% prediction 
interval that covers 90% of the simulation results, the thin lines indicate three patterns of 
future projection examples. In the figure of spawning biomass, the green broken line 
indicates the proposed target reference point, and the yellow dotted line indicates the 
proposed limit reference point. In the figure of catch, the broken line indicates MSY. In the 
figure of exploitation rate, the broken line indicates Umsy. Safety coefficient β is 0.8. 
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Appendix Table 6-1. Probability of future spawning biomass being above the proposed target 
reference point and limit reference point 
a) Probability of being above the proposed target reference point 

 

b) Probability of being above the proposed limit reference point 

 
 
Appendix Table 6-2. Changes in average values of future spawning biomass and catch 
a) Changes in average values of spawning biomass 

 
b) Changes in average values of catch 
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Appendix 7. Method of future projection 
 

We performed future projection from the obtained stock biomass, based on the proposed 
HCRs. For projection of recruitment in the 2020 fishing season onward, we used values 
estimated based on the HS S-R relationship estimated for the normal recruitment period (from 
1988 to 2018) (a = 0.026, b = 764,050, SD = 0.705) proposed at the "Research Institute Meeting 
on Reference Points" held in March 2020 (Furuichi et al. 2020a). The data used for estimating 
the parameters for the S-R relationship are the spawning biomass and recruitment based on the 
stock assessment conducted in 2019 (Furuichi et al. 2020b), and as for the optimization method, 
the least-squares method is used. The model does not consider autocorrelation between the 
residuals of the recruitment. 

For fishing mortality F in future projection, we used the value calculated based on the HCRs 
set for the first group of stocks detailed in the "Basic Guidelines for the Harvest Control Rules 
and the Estimation of the Allowable Biological Catch (ABC)." The parameters used for the 
future projection are shown in Appendix Table 7-1. As for the selectivity and average body 
weight of the catch, etc., we again used the values used for estimating the reference points 
proposed at the abovementioned "Research Institute Meeting on Reference Points." These 
values are based on the 2019 stock assessment, similar to the S-R relationship, and the values 
set for future projection in that assessment were used for the selectivity and average body 
weight of catch in the present assessment. The current fishing mortality (F2015-2019) was 
assumed to be the fishing mortality in 2020. 

For projection of the number of fish, we used forward calculation of cohort analysis 
(equation (9)). 

 
 
We obtained the catch in number from the number of fish obtained above and the F value 

assumed from each fishing scenario, based on equation (10). 

 
 
References  
Furuichi, S., R. Yukami, Y. Kamimura, S. Isu, and R. Watanabe (2020a) Reiwa 2 (2020) nendo 

maiwashi taiheiyokeigun no kanri kijunchi to ni kansuru kenkyu kikan kaigi hokokusho 
(Report of the Research Institute Meeting on Reference Points of Japanese sardine Pacific 
stock (2020)). Japan Fisheries Research and Education Agency, 1-46. FRA-SA2020-
BPR01-1. https://www.fra.affrc.go.jp/shigen_hyoka/SCmeeting/2019-
1/detail_maiwashi_p.pdf (last accessed on July 18, 2020) 

Furuichi, S., R. Yukami, Y. Kamimura, K. Hayashi, S. Isu, and R. Watanabe (2020b) Reiwa 



FRA-SA2020-SC01-1 

54 

gan (2019) nendo maiwashi taiheiyokeigun no shigen hyoka. wagakuni shuhen suiiki no 
gyogyo shigen hyoka (Marine fisheries stock assessment and evaluation for Japanese 
waters (fiscal year 2020/2021)), Fisheries Agency/Japan Fisheries Research and 
Education Agency, Tokyo. 

 
Appendix Figure 7-1. Parameters used for calculating the future projection 

 

選択率（注 1） Selectivity (Note 1) 
Fmsy（注 2） Fmsy (Note 2) 
F2015-2019（注 3） F2015-2019 (Note 3) 
平均体重（g） Average body weight (g) 
自然死亡係数 Natural mortality 
成熟割合 Maturity rate 
0 歳 Age 0 
1 歳 Age 1 
2 歳 Age 2 
3 歳 Age 3 
4 歳 Age 4 
5 歳以上 Age 5 and above 

Note 1: Selectivity used for estimating the level that produces MSY at the 2020 Research 
Institute Meeting (i.e., selectivity of Fcurrent in the 2019 stock assessment). 

Note 2: Fmsy estimated at 2020 Research Institute Meeting (i.e., the Fcurrent in the 2019 stock 
assessment multiplied by Fmsy/Fcurrent). 

Noe 3: F value under the selectivity above that gives the same fishing mortality as the average 
F at age for 2015 to 2019 estimated in the present stock assessment, which has been 
converted into %SPR. This F value was used for assuming the catch in 2020. 
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Appendix 8. Future projection in the case of incorporating the recent favorable 
recruitment trend 
 

As recruitment in 2014 onward has been higher than the S-R relationship in the normal 
recruitment period, we also estimated the future projection in the case of incorporating the 
recent favorable recruitment trend. However, caution is required in handling this result because 
study on the appropriateness of the method and the uncertainty in the case where the S-R 
relationship was erroneous is still insufficient. As uncertainty of recruitment, we gave future 
recruitment by random resampling of residuals between observation values and the S-R 
relationship, and performed 10,000 iterations. In order to reflect the recent favorable 
recruitment trend, we adopted backward resampling that resamples residuals by dividing the 
time backwards. The backward resampling is conducted through the following procedure 
(Appendix Figure 8-1). 
・ 1st to 5th year of the future projection: perform resampling, allowing duplicates only from 

residuals in the latest 5 years (from 2015 to 2019) of stock assessment. 
・6th to 10th year of the future projection: randomly select either residuals in the latest 5 years 

(from 2015 to 2019) or residuals in the 5 years prior (from 2000 to 2014), and perform 
resampling, allowing duplicates from residuals in the selected 5 years. 

・11th year onward of the future projection: further add 5-year resampling periods in the same 
manner as the procedure above. 
The conditions are the same as those for Appendix 6, except for the adoption of backward 

resampling of residuals for uncertainty of recruitment. 
 
●Projected values for 2021 

The average catch in 2021, which was estimated based on the proposed HCRs by applying 
backward resampling of residuals for recruitment errors, was 747 thousand tons where β was 
0.8, and 901 thousand tons where β was 1.0. The projected spawning biomass in 2021 was 
estimated at 2.935 million tons at average, and the estimation was above SBlimit in all 
iterations (Appendix Table 8-2). 
 

Spawning biomass in 2021 (average projection value): 2.935 million tons 

Item 
Catch in 2021 

(thousand tons) 

Ratio to the current 
fishing mortality 
(F/F2015-2019) 

Exploitation rate in 
2021 (%) 

When using β proposed by the Research Institute Meeting in the proposed HCRs 

β = 0.8 747 0.85 18 

Other strategy (when using different β in the proposed HCRs)  

β = 1.0 901 1.07 22 
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β = 0.9 826 0.96 20 

β = 0.7 666 0.75 16 

β = 0.6 581 0.64 14 

β = 0 0 0 0 

F2015-2019 853 1.00 21 

 
●Projection for 2022 onward 

Appendix Figure 8-2 and Appendix Tables 8-1 and 8-2 show the future projection results 
including 2022 onward in the case of applying backward resampling of residuals for 
recruitment errors. If management based on the proposed HCRs is continued for 10 years, the 
projected spawning biomass in 2031 is 2.096 million tons where β is 0.8 (the 80% confidence 
interval is 1.460 million to 2.795 million tons), and 1.819 million tons where β is 1.0 (the 80% 
confidence interval is 1.248 million to 2.459 million tons). As backward resampling that 
reflects the recent favorable recruitment has been adopted, the projected spawning biomass is 
above the proposed target reference point at a probability of over 50%, even where β is 1.0. If 
the current fishing mortality (F2015-2019) is continued, the projected spawning biomass in 
2031 is 1.900 million tons (the 80% confidence interval is 1.310 million to 2.559 million tons), 
the probability of the projected spawning biomass being above the proposed target reference 
point is 95%, and the probability of the projected spawning biomass being above the proposed 
limit reference point is 100%. 
 

Uncertainty considered: recruitment 

Item 

Spawning 
biomass in 

2031 
(thousand 

tons) 

80% 
confidence 

interval 
(thousand 

tons) 

Probability of the spawning biomass in 2031 being 
above the reference points below (%) 

Proposed target 
reference point 

Proposed limit 
reference point 

Proposed fishing 
ban level 

When using β proposed by the Research Institute Meeting in the proposed HCRs 

β = 0.8 2,096 1,460-2,795 99 100 100 

Other strategy (when using different β in the proposed HCRs) 

β = 1.0 1,819 1,248-2,459 93 100 100 

β = 0.9 1,950 1,348-2,617 96 100 100 

β = 0.7 2,263 1,589-3,001 100 100 100 

β = 0.6 2,452 1,741-3,225 100 100 100 

β = 0 4,544 3,430-5,689 100 100 100 

F2015-2019 1,900 1,310-2,559 95 100 100 
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バックワードリサンプリング Backward resampling 
過去の残差 Past residuals 
残差 Residuals 
年 Year 
1～5 年目 1st to 5th year 
直近 5 年の残差をランダムリサンプリン

グ 
Perform random resampling of errors in the 
latest 5 years. 

6～10 年目 6th to 10th year 
直近 5 年 or 過去 6～10 年をランダムに

選び、残差をランダムリサンプリング 
Randomly select between the latest 5 years 
or the 5 years earlier, and perform random 
resampling of residuals. 

11～15 年目 11th to 15th year 
3 つの期間のどれかをランダムに選び残

差をランダムリサンプリング 
Randomly select from the three periods, and 
perform random resampling of residuals. 

 
Appendix Figure 8-1. Schematic of backward resampling of residuals 
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加入尾数（十億尾） Recruitment (billion individuals) 
親魚量（千トン） Spawning biomass (thousand tons) 
資源量（千トン） Stock biomass (thousand tons) 
漁獲量（千トン） Catch (thousand tons) 
漁獲割合 Exploitation rate (%) 
漁獲圧の比 Ratio of the fishing mortality to MSY 
年 Year 
（塗り：5-95％予測区間，太い実線：平

均値，細い実線：シミュレーションの 1
例） 

(Shaded: 5-95% prediction interval; thick 
solid line: average value; thin slid line: 
simulation example) 

 
Appendix Figure 8-2. Future projection using proposed HCRs based on proposed reference 
points (in red) and future projection in the case of continuing fishing with the current fishing 
mortality (in green) in the case of applying backward resampling of residuals for recruitment 
errors. 

The thick solid line indicates the average value, the shaded part indicates the 90% prediction 
interval that covers 90% of the simulation results, and the thin lines indicate three patterns 
of future projection examples. In the figure of spawning biomass, the green broken line 
indicates the proposed target reference point, and the yellow dotted line indicates the 
proposed limit reference point. In the figure of exploitation rate, the broken line indicates 
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Umsy. Safety coefficient β is 0.8. 
 
Appendix Table 8-1. Probability of future spawning biomass being above the proposed target 
reference point and limit reference point (in the case of applying backward resampling of 
residuals for recruitment errors) 
a) Probability of being above the proposed target reference point 

 
b) Probability of being above the proposed limit reference point 

 
 
Appendix Table 8-2. Changes in average values of future spawning biomass and catch (in the 
case of applying backward resampling of residuals for recruitment errors) 
a) Changes in average values of spawning biomass 

 
b) Changes in average values of catch 
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Appendix 9. Estimation that considers the catch by foreign countries 
 

The present stock assessment was made without taking into consideration the catch by 
foreign countries. However, we estimated the case that considers the catch by foreign countries, 
while using a number of assumptions. The age composition and body weight at age of catch 
by foreign vessels are unknown, as we do not have access to such information, but considering 
the fishing waters and seasons as well as the migration routes of Japanese sardine, we assumed 
their catch to be equal to the catch by purse seine fisheries in areas to the north of Miyagi 
Prefecture from July to December. Appendix Table 9-1 and Appendix Figures 9-1 and 9-2 show 
the catch volume and catch in number at age including the catch by foreign countries. Catch 
by Russia substantially increased in 2019, so the catch in number at age of fish of age 1 and 
above increased mainly in 2019 as a result of considering the catch by foreign vessels. 

We estimated the stock biomass based on the obtained catch in number at age. The method 
is the same as in the main document. As a result of considering the catch by foreign countries, 
the recent stock biomass increased slightly, but no change was observed in the overall trend 
(Appendix Table 9-1, Appendix Figures 9-3 and 9-4). On the other hand, the recent exploitation 
rate and fishing mortality showed an increasing trend (Appendix Figures 9-3 and 9-5). 
 

Item Value Explanation 

SB2019 1.719 million tons Spawning biomass in 2019 

F2019 (Ages 0, 1, 2, 3, 4, 5 and above) = (0.05, 0.15, 1.02, 0.48, 0.22, 0.22) 

U2019 18.9% Exploitation rate in 2019 

 

Item Value Explanation 

%SPR (F2019) 33.8% %SPR in 2019 

%SPR 
(F2015-2019) 

40.3% 
%SPR corresponding to the current fishing mortality 
(2015 to 2019) 

 
Compared to the level that produces MSY, the fishing mortality in 2019 was above the 

fishing mortality that produces MSY (Fmsy) in the estimation result considering the catch by 
foreign countries (Appendix Figure 9-6). Except for that, there was no major change in the 
overall trend, and the spawning biomass in 2019 was above the spawning biomass that 
produces MSY (SBmsy). 
 

Item  Value Explanation 

SB2019/SBmsy 1.45 Ratio of the spawning biomass in 2019 to the spawning 
biomass that produces MSY 
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F2019/Fmsy 1.27 Ratio of the fishing mortality in 2019 to the fishing 
morality that produces MSY* 

 

 
漁獲量（百万トン） Catch (million tons) 
年 Year 
ロシア Russia 
中国 China 
三重県以東 Areas east of Mie Prefecture 
和歌山県以西 Areas west of Wakayama Prefecture 

 
Appendix Figure 9-1. Changes in catch volume 
 

 

年齢別漁獲尾数（十億尾） Catch in number at age (billion individuals) 
年 Year 

 
Appendix Figure 9-2. Changes in catch in number at age 
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資源量・親魚量（百万トン） Stock biomass / spawning biomass (million tons) 
漁獲割合 Exploitation rate 
年 Year 
資源量 Stock biomass 
親魚量 Spawning biomass 
漁獲割合 Exploitation rate 

 
Appendix Figure 9-3. Changes in stock biomass, spawning biomass, and exploitation rate 
 

 
加入量（十億尾） Recruitment (billion individuals) 
再生産成功率（尾/kg） RPS (individuals/kg) 
年 Year 
加入量 Recruitment 
再生産成功率 RPS 

 
Appendix Figure 9-4. Changes in recruitment and RPS 
 

 

年 Year 
 
Appendix Figure 9-5. Changes in %SPR values 

The %SPR indicates the ratio of spawning biomass with catch to spawning biomass 
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assuming no catch. The higher (lower) the F, the lower (higher) the %SPR. 
 

 
漁獲圧の比 F/Fmsy 
親魚量の比 SB/SBmsy 

 
Enlarged view  

 
漁獲圧の比 F/Fmsy 
親魚量の比 SB/SBmsy 

 
Appendix Figure 9-6. Relationship of the past spawning biomass and fishing mortality to the 
spawning biomass that produces MSY (SBmsy) and fishing mortality that produces MSY 
(Fmsy) (Kobe plot) 
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Appendix Table 9-1. Catch and cohort analysis results  

 
年 Year 
漁獲量 （千トン） Catch (thousand tons) 
資源量（千トン） Stock biomass (thousand tons) 
親魚量（千トン） Spawning biomass (thousand tons) 
加入量（億尾） Recruitment (100 million individuals) 
漁獲割合（%） Exploitation rate (%) 
再生産成功率（尾/kg） Recruitment per spawning (individuals/kg) 
太平洋合計 Pacific Ocean total 
ロシア Russia 
中国 China 
日本合計 Japan total 
三重県以東 Areas east of Mie Prefecture 
和歌山県以西 Areas west of Wakayama Prefecture 

 


