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 11 
Summary 12 

The status of this stock was assessed using a state-space surplus production model. Results from 13 
two base case models, which had different prior information input methods, were merged to judge 14 
stock status. Similar trends were estimated in both of the base case models for biomass and fishing 15 
pressure. According to the merged results from these two base case models, biomass since the 1985 16 
fishing year (FY: from August to July of the following year) decreased to 2,600 tons in the 1994 17 
FY (90% confidence interval of 1,800 to 3,500 tons, other values in parentheses below indicate the 18 
intervals for each typical value), followed by a steady increasing trend, and reached 7,800 tons 19 
(5,900 to 10,400 tons) in the 2016 FY. It then decreased to an estimated 5,700 tons (4,200 to 7,800 20 
tons) in the 2022 FY. Fishing pressure has been in a long-term decreasing trend that is opposite to 21 
trends in biomass, reaching an estimated 0.28 (0.21 to 0.38) in the 2022 FY. 22 

In the 2022 FY, biomass exceeded the biomass required for MSY (Bmsy). In addition, the fishing 23 
pressure in the 2022 FY was lower than the fishing pressure level required for MSY (Fmsy). Based 24 
on trends seen in the previous 5 years (2018 to 2022), the biomass is judged to be in a “stable” 25 
trend. 26 
 27 
In this stock, the reference points, HCRs, and other items are provisional values as proposed at the 28 
Research Institute Meeting, which will be finalized based on discussions of the stakeholder meeting. 29 
  30 
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(4) Predator-Prey Relationships 68 
 Mature fish prey on western sand lances, juveniles of cods, and other small fishes, krill, brittle 69 
stars, polychaetes, squids, shrimps, and bivalves (Hokkaido District Demersal Fish Research Group 70 
1960, Tanaka and Hinata 1964, Research Department, Fisheries Agency 1989). Predators of this 71 
species include marine mammals (Goto et al. 2017). 72 
 73 
3. Fishery Status 74 
(1) Fishery Overview 75 
 The majority of this stock is caught by offshore bottom trawl fisheries (offshore bottom trawl) 76 
and coastal gill net fisheries, with equal catch volume by offshore bottom trawl and coastal fisheries 77 
up through the 2000s. Then, catch by coastal fisheries started to decrease in the 2010s, while 78 
offshore bottom trawl catches started to increase in the 2016 FY and after. In recent years, the 79 
proportion caught by offshore bottom trawl increased to exceed 70% of catches in the 2022 FY. 80 
Offshore bottom trawl mainly catches foraging groups from September to April of the following 81 
year, and coastal gill net fishery mainly catches spawning groups from April to July. In addition, 82 
catches in the Sea of Okhotsk are extremely small compared to catches in the Sea of Japan. 83 
 84 
(2) Trends in Catch in Weight 85 
 Catch of this stock is shown in Fig. 3-1 and Table 3-1. Offshore bottom trawl catch reached 2,302 86 
tons in the 1980 FY, then fell to 997 tons in the 1982 FY, and has fluctuated in cycles since then. 87 
The catch was a record low of 504 tons in the 2014 FY, followed by a sharp increase to reach a 88 
record high of 2,622 tons in the 2019 FY. It then declined to 1,195 tons in the 2022 FY. Whether 89 
operations target pointhead flounder or not depends on the trends in catch of other major species 90 
(Alaska pollock, Okhotsk atka mackerel, Pacific cod, etc.), the demands of the market, and the unit 91 
price. In particular, interviews with fishery stakeholders revealed that operations in Otaru 92 
intensively targeted pointhead flounder in the 2016 to 2019 FYs due to a spike in demand from 93 
international sales channels. In addition, landings for small individuals of total length of 23 cm or 94 
less were previously flat due to voluntary regulations, but the introduction of a new commercial 95 
size category (“bara”: unsorted) led to a higher catch (Central and Wakkanai Fisheries Research 96 
Institutes, 2023). Then, the COVID-19 pandemic caused a drop in demand from international sales 97 
channels and the unit price has declined since the latter half of the 2019 FY. Currently, there are no 98 
operations intensively targeting this stock. Based on these results, it is inferred that a relatively 99 
large fluctuation in catch has occurred since 2015. 100 

Catch by coastal fisheries (including gill net fishery) increased from the late 1980s and reached 101 
1,860 tons in the 1991 FY. It fluctuated in cycles while showing a long-term decreasing trend, then 102 
started to decline dramatically around 2010, and fell to 205 tons in the 2016 FY. Catch was 417 103 
tons in the 2022 FY. 104 
 105 
(3) Fishing effort 106 
 In this report, fishing effort for this stock was based on the total number of hauls by all operations 107 
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of offshore bottom trawl fishery with Danish seine, which is the primary method of catch, and data 108 
for the number of non-zero catches of pointhead flounder by month, by vessel, and by fishing area 109 
(excluding experimental operations) (Fig. 3-2). The total number of hauls by all operations was 110 
over 80,000 hauls in some years during the 1980s, but has declined significantly, and was less than 111 
30,000 hauls in the 2000 FY. It has continued to decline and was 10,137 hauls in the 2022 FY. The 112 
number of non-zero catches remained around 30,000 hauls in the early 1980s, then fluctuated in 113 
cycles while declining since the late 1980s, and was 3,627 hauls in the 2022 FY. Details about the 114 
fishing effort of coastal operations are not known. 115 
 116 
(4) Age Composition of Catches 117 
 Catch in number at age by sex as estimated by the Hokkaido Research Organization (HRO) is 118 
shown in Fig. 3-3. Up to the early 1990s, catch in number of males was equal to females, but few 119 
males have been caught since the late 1990s. Meanwhile, data for females shows that up to the 1991 120 
FY, females age 2 comprised the majority of catches, but few females age 2 have been caught since 121 
the 1992 FY, and since then the majority of catches have been females age 3 to 4. The primary 122 
cause of this is thought to be avoidance of landing small fish with a low unit price, and catch 123 
restrictions based on stock management agreements between fishery stakeholders which aim to 124 
conserve immature fish (Central and Wakkanai Fisheries Research Institutes, 2023). However, the 125 
catch of males increased in the 2016 to 2017 FYs, and the catch in number of males was equal to 126 
females. During this period, the proportion of females age 2 also increased temporarily. The cause 127 
of this is thought to be a higher catch by offshore bottom trawl of small individuals of total length 128 
of 23 cm or less following the introduction of a new commercial size category (“bara”: unsorted), 129 
which were previously not landed due to voluntary regulations (Central and Wakkanai Fisheries 130 
Research Institutes, 2023). Catch in number of males, and the proportion of females age 2, 131 
decreased again since the 2017 FY, and current levels have dropped to the same levels as seen 132 
before the 2014 FY. 133 
 134 
4. Stock Status 135 
(1) Stock Assessment Methods 136 

This stock assessment used SPiCT, which is a Pella-Tomlinson state-space surplus production 137 
model (a stochastic state-space surplus production model in continuous time: Pedersen and Berg 138 
2017) (Appendix 1 and 2). The surplus production models used catch aggregated by FY from 1985 139 
to 2022, the CPUE of offshore bottom trawl in the 1985 to 2022 FYs, and the total surviving 140 
biomass for both sexes calculated from the biomass of females in the 1994 to 2014 FYs as estimated 141 
using VPA by the HRO (Central and Wakkanai Fisheries Research Institutes, 2023). The CPUE of 142 
offshore bottom trawl used for abundance indices was standardized before use (Appendix 3). 143 
Details about standardized CPUE are described in un-published report “CPUE standardization for 144 
the northern Hokkaido stock of pointhead flounder in offshore danish seine fishery in 2023” (FRA-145 
SA-2023-SC16-101) (Chiba et al. 2023). 146 

Results from two base case models, which were surplus production models with different prior 147 
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information input methods, were used to judge stock status. Results from these models were merged, 148 
and parameter sets for iterative calculations were randomly regenerated based on a multivariate 149 
normal distribution, and the median values were used as typical values. Specifically, the variance 150 
of the multivariate normal distribution was a variance-covariance matrix (inverse precision matrix) 151 
which shows the precision of estimated parameters in each model. In addition, the 90% confidence 152 
interval derived from the 5th percentile and the 95th percentile was calculated. In this stock 153 
assessment, calculations for reference values related to biomass, fishing pressure, and MSY were 154 
performed with 15,000 iterations (number of parameter sets) for each model, for a total of 30,000 155 
iterations. Details about the surplus production models used and estimated parameters are described 156 
in Appendix 2. 157 
 158 
(2) Trends in Abundance Indices 159 
 Abundance indices used in the surplus production models are shown in Fig. 4-1 and Table 4-1. 160 
The standardized CPUE of offshore bottom trawl declined throughout the 1990s, then increased in 161 
the 2000s, followed by a dramatic decrease during the 2008 to 2014 FYs. In the 2015 FY it 162 
increased again and reached a record high in the 2016 FY. It has decreased since then, and was 75.4 163 
kg/net in the 2022 FY. The total surviving biomass of both sexes, as estimated based on the biomass 164 
of female pointhead flounder which was estimated by the HRO using VPA, increased during the 165 
2008 FY, followed by a decrease, then increased again from the 2010 FY. It decreased in the 2013 166 
and 2014 FYs, then increased dramatically in the 2015 FY. 167 
 168 
(3) Levels Required for MSY Under Current Environmental Conditions 169 

Estimated parameters for the surplus production models are shown for both of the two base case 170 
models in Appendix 2 (Supplementary Table 2-1). The estimated intrinsic growth rate (r)  was 0.66 171 
(90% confidence interval of 0.33 to 1.31, other values in parentheses below indicate the intervals 172 
for each typical value) in Model 1, and 0.72 (0.44 to 1.19) in Model 2. The carrying capacity (K) 173 
was 9,300 tons (6,900 to 12,600 tons) in Model 1 and 9,500 tons (7,300 to 12,500 tons) in Model 174 
2. The shape parameter (n) that determines the shape of the surplus production curve was 0.65 (0.26 175 
to 1.61) in Model 1 and 0.86 (0.49 to 1.50) in Model 2. 176 

Under current conditions, the biomass required for MSY (Bmsy) corresponds to the biomass at 177 
maximum surplus production, and it was estimated to be 2,700 tons (1,700 to 4,300 tons) in Model 178 
1 and 3,200 tons (2,300 to 4,600 tons) in Model 2 (Fig. 4-2). Based on the estimated results 179 
calculated from these base case models, the typical value (and 90% confidence interval) was 3,000 180 
tons (1,800 to 4,400 tons) (Table 4-2). 181 

Meanwhile, the fishing pressure required for Bmsy (Fmsy) was estimated to be 1.00 (0.62 to 182 
1.63) in Model 1 and 0.84 (0.58 to 1.21) in Model 2 (Supplementary Table 2-1), and the typical 183 
value was calculated to be 0.92 (0.62 to 1.52). 184 
 185 
(4) Trends in Stock Abundance and Fishing Pressure 186 

In the typical values based on the merged results from two base case models (surplus production 187 
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models), biomass showed a long-term increase since 1995, and was 5,700 tons (4,200 to 7,800 tons) 188 
in the most recent year (2022 FY) (Fig. 4-3, Table 4-3). Fishing pressure increased up to the 1992 189 
FY, then fell into a decreasing trend, with a slight increase in the 2015 to 2019 FYs, and has declined 190 
since the 2020 FY. Fishing pressure was 0.28 (0.21 to 0.38) in the 2022 FY (Fig. 4-4, Table 4-3). 191 
According to the results of stock assessment using both models, biomass in the most recent year 192 
was 5,500 tons (4,100 to 7,400 tons) in Model 1 and 6,000 tons (4,400 to 8,100 tons) in Model 2 193 
(Appendix 2). Similarly, fishing pressure in the most recent year was 0.29 (0.22 to 0.39) in Model 194 
1 and 0.27 (0.20 to 0.37) in Model 2. The increase in stock since the 1995 FY is thought to be due 195 
to a decrease in fishing pressure since the 1994 FY. It is inferred that the reason for this is the 196 
introduction of stock management agreements in March 1994, which include catch regulations for 197 
smaller fish. In addition, one reason for the increase in fishing pressure in the 2015 to 2019 FYs is 198 
thought to be that operations in Otaru intensively targeted pointhead flounder due to a spike in 199 
demand from international sales channels, as previously mentioned. In last year’s stock assessment 200 
(FRA-SA2022-SC08-01), estimates for the 2021 FY using two base case models showed that 201 
biomass was 5,400 tons (3,900 to 7,400 tons) in Model 1 and 5,700 tons (4,100 to 7,900 tons) in 202 
Model 2, and fishing pressure was 0.31 (0.22 to 0.43) in Model 1 and 0.29 (0.21 to 0.40) in Model 203 
2. In this year’s stock assessment, estimates for the 2021 FY showed that biomass was 5,200 tons 204 
(3,800 to 7,100 tons) in Model 1 and 5,700 tons (4,100 to 7,800 tons) in Model 2, and fishing 205 
pressure was 0.32 (0.23 to 0.44) in Model 1 and 0.29 (0.21 to 0.40) in Model 2, which suggests the 206 
addition of one year of data had a slight impact on estimated values. 207 
 208 
(5) Stock Levels/Trends and Fishing Pressure Levels 209 

Stock status based on the biomass required for MSY (Bmsy) and the fishing pressure required 210 
for MSY (Fmsy) are shown in a Kobe plot in Fig. 4-5. According to the merged results from these 211 
two base case models, it is judged that the current biomass (biomass in the 2022 FY) exceeds Bmsy, 212 
including the 90% confidence interval, and the current fishing pressure (fishing pressure in the 213 
2022 FY) is lower than Fmsy, including the 90% confidence interval. For the previous 5 years (2018 214 
to 2022 FYs), the biomass is judged to be in a “stable” trend. 215 

The ratio of the current biomass to Bmsy is 1.92 (1.48 to 2.79), and the ratio of the current fishing 216 
pressure to Fmsy is 0.31 (0.21 to 0.41) (Table 4-4). The results of both base case models are shown 217 
in a Kobe plot in Appendix 2. 218 
 219 

5. Summary of Stock Assessment 220 
 Based on estimated biomass from the surplus production models, the biomass of pointhead 221 
flounder was in a long-term increasing trend since the 1995 FY, and peaked in the 2016 FY. Then 222 
the stock was in a decreasing trend, however, biomass in the most recent year (2022 FY) exceeded 223 
Bmsy. 224 
 225 

6. Additional Comments 226 
 According to catch restrictions based on stock management agreements between fishery 227 
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stakeholders which aim to conserve immature fish of this stock, catch limits are in place for 228 
individuals with a total length of 18 cm (body length of 15 cm) or less, but juveniles were caught 229 
in the 2016 and 2017 FYs, despite having been avoided in the past. Catches in the 2018 FY and 230 
after avoided juveniles again, and it is important to ensure that fishing pressure of juveniles remains 231 
at the current low level. 232 
 233 
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Table 3-1. Trends in catch (tons) 319 

Fishing 
year 

Offshore bottom trawl  Coast  
Total Okhotsk Sea of 

Japan Subtotal  Okhotsk Sea of 
Japan Subtotal  

1980 196 2,106 2,302       
1981 102 1,781 1,883       
1982 137 860 997       
1983 112 1,176 1,288       
1984 296 1,417 1,713       
1985 122 1,231 1,353  17 1,271 1,287  2,640 
1986 44 930 974  21 1,243 1,264  2,238 
1987 36 1,293 1,329  21 1,523 1,544  2,873 
1988 21 1,192 1,213  13 1,506 1,519  2,732 
1989 199 1,219 1,419  35 1,446 1,481  2,900 
1990 153 1,044 1,197  26 1,448 1,475  2,671 
1991 74 1,057 1,130  36 1,824 1,860  2,990 
1992 197 1,398 1,595  38 1,727 1,766  3,361 
1993 39 1,522 1,561  40 1,185 1,224  2,785 
1994 51 1,348 1,398  48 1,179 1,227  2,626 
1995 119 1,021 1,140  115 954 1,069  2,209 
1996 121 1,083 1,204  122 1,054 1,176  2,380 
1997 105 1,556 1,661  66 1,109 1,175  2,836 
1998 96 1,090 1,185  51 923 975  2,160 
1999 174 1,344 1,518  69 949 1,018  2,536 
2000 95 903 998  72 985 1,056  2,055 
2001 87 1,111 1,198  69 1,299 1,367  2,566 
2002 75 1,021 1,096  59 1,298 1,358  2,454 
2003 108 1,362 1,470  91 1,048 1,139  2,609 
2004 185 1,294 1,479  65 907 972  2,451 
2005 143 952 1,095  45 917 962  2,058 
2006 84 930 1,014  62 1,006 1,068  2,082 
2007 134 1,487 1,621  81 1,175 1,256  2,877 
2008 107 684 791  58 888 945  1,736 
2009 45 985 1,030  45 752 797  1,827 
2010 49 844 893  73 860 933  1,826 
2011 47 708 756  57 694 751  1,506 
2012 40 1,068 1,108  53 641 694  1,803 
2013 40 1,251 1,291  43 502 545  1,836 
2014 35 469 504  35 188 222  726 
2015 69 1,133 1,202  49 212 261  1,463 
2016 42 2,534 2,575  42 163 205  2,780 
2017 17 1,853 1,871  78 195 273  2,144 
2018 21 1,963 1,984  29 228 257  2,241 
2019 18 2,605 2,622  58 320 378  3,001 
2020 5 1,493 1,498  40 310 350  1,848 

 320 
  321 
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Table 3-1. Trends in catch (tons) (continued) 322 

Fishing 
year 

Offshore bottom trawl  Coast  
Total 

Okhotsk Sea of 
Japan Subtotal  Okhotsk Sea of 

Japan Subtotal  

2021 3 1,257 1,260  50 357 408  1,668 

2022 3 1,192 1,195   34 383 417   1,612 

Fishing year is from August to July of the following year. 323 
The aggregated range of offshore bottom trawl fisheries is the central ocean area of the Sea of 324 
Japan around Hokkaido, and the coast of the Sea of Okhotsk (excluding Russian waters). 325 
The aggregated range of coastal fisheries is from Okushiri to Utoro. 326 
Values for the 2021 and 2022 fishing years are provisional values. 327 
No coastal fishery catch data prior to the 1984 fishing year.  328 
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Table 3-2. Trends in fishing effort of offshore bottom trawl fishery with Danish seine 329 

Fishing year Total number of hauls of 
all operations Non-zero catches 

1980 78,969 30,954 
1981 80,436 34,367 
1982 78,797 29,316 
1983 70,562 28,173 
1984 70,700 29,848 
1985 81,513 36,748 
1986 59,854 19,466 
1987 68,669 26,526 
1988 73,431 23,673 
1989 65,273 26,468 
1990 66,372 26,943 
1991 54,789 19,565 
1992 51,242 18,311 
1993 48,004 17,590 
1994 51,004 21,000 
1995 47,703 28,776 
1996 46,148 21,213 
1997 46,631 23,758 
1998 42,238 21,298 
1999 36,246 21,863 
2000 27,298 16,592 
2001 26,268 14,716 
2002 23,409 12,886 
2003 26,888 15,311 
2004 25,871 14,897 
2005 26,818 15,690 
2006 26,977 15,585 
2007 25,206 16,472 
2008 21,866 14,070 
2009 22,693 13,123 
2010 20,081 10,682 
2011 19,310 11,614 
2012 17,169 8,527 
2013 19,018 11,525 
2014 15,432 8,668 
2015 12,334 4,757 
2016 14,492 7,830 
2017 14,961 6,600 
2018 13,740 6,481 
2019 13,388 6,243 
2020 11,756 4,836 
2021 11,584 3,874 
2022 10,137 3,627 

Values are for normal operations by month, by ocean area, and by vessel, excluding experimental 330 
operations. However, since the 2015 FY, some experimental operations have been included in 331 
normal operations.  332 
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Table 4-1. Trends in Abundance Indices 333 
Fishing 

year 
Standardized CPUE of 

offshore bottom trawl fishery 
(kg/net) 

Surviving biomass D (tons) 

1980 92.9 
 

1981 124.7 
 

1982 88.1 
 

1983 64.0 
 

1984 78.1 
 

1985 90.1 
 

1986 47.0 
 

1987 58.0 
 

1988 41.1 
 

1989 71.6 
 

1990 48.8 
 

1991 46.1 
 

1992 63.7 
 

1993 40.7 
 

1994 34.4 
 

1995 67.3 1,760 
1996 46.5 2,233 
1997 51.9 2,428 
1998 67.2 2,096 
1999 106.7 2,640 
2000 91.2 2,626 
2001 71.1 3,242 
2002 71.7 2,835 
2003 79.2 3,322 
2004 86.6 3,890 
2005 80.5 4,162 
2006 80.1 4,081 
2007 116.5 4,669 
2008 93.3 3,919 
2009 83.8 3,645 
2010 93.1 3,807 
2011 68.0 3,972 
2012 62.7 4,294 
2013 74.0 3,767 
2014 33.7 3,453 
2015 102.0 4,944 
2016 136.3  
2017 105.9  
2018 104.3  
2019 105.1  
2020 80.9  
2021 96.5  
2022 75.4  

  334 
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Table 4-2. Biomass and fishing pressure required for MSY (typical values and the 90% 335 
confidence interval) 336 

Item 
Biomass 

(thousand 
tons) 

Ratio to 
carrying 
capacity 

Fishing 
pressure 

Anticipated 
catch 

(thousand 
tons) 

Ratio to 
current 
fishing 

pressure 
Biomass 
required  
for MSY 
(Bmsy) 

3.0 
(1.8 to 4.4） 

0.32 
 (0.19 to 0.45) 

0.92 
(0.62 to 

1.52) 

2.7 
(2.6 to 2.9) 

3.26  
(2.44 to 

4.85) 

 337 
  338 
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Table 4-3. Estimated biomass and fishing pressure (typical values and the 90% confidence 339 
interval) 340 

Fishing 
year 

Biomass (thousand tons)  Fishing pressure 
Lower 
Limit 

Typical 
values 

Upper 
Limit 

 Lower 
Limit 

Typical 
values 

Upper 
Limit 

1985 2.6 3.9 5.8  0.46 0.67 1.00 
1986 2.5 3.6 5.1  0.44 0.62 0.89 
1987 2.9 4.0 5.4  0.53 0.72 0.98 
1988 2.6 3.6 5.0  0.55 0.75 1.03 
1989 2.7 3.7 5.0  0.58 0.79 1.09 
1990 2.4 3.4 4.6  0.58 0.80 1.09 
1991 2.5 3.4 4.6  0.64 0.87 1.18 
1992 2.4 3.3 4.4  0.76 1.03 1.39 
1993 1.9 2.7 3.7  0.75 1.05 1.47 
1994 1.8 2.6 3.5  0.74 1.03 1.42 
1995 1.9 2.6 3.5  0.64 0.85 1.15 
1996 2.4 3.1 4.1  0.58 0.76 1.00 
1997 2.6 3.4 4.5  0.63 0.82 1.07 
1998 2.3 3.1 4.2  0.52 0.69 0.92 
1999 2.9 3.8 5.0  0.50 0.66 0.86 
2000 2.9 3.8 5.1  0.41 0.54 0.71 
2001 3.5 4.5 5.9  0.43 0.57 0.74 
2002 3.2 4.3 5.7  0.43 0.57 0.76 
2003 3.7 4.8 6.4  0.41 0.54 0.71 
2004 4.0 5.3 7.1  0.34 0.46 0.61 
2005 4.2 5.6 7.5  0.28 0.37 0.49 
2006 4.4 5.8 7.7  0.27 0.36 0.47 
2007 5.0 6.5 8.6  0.33 0.44 0.57 
2008 4.0 5.4 7.2  0.24 0.32 0.43 
2009 4.1 5.4 7.1  0.26 0.34 0.45 
2010 4.2 5.5 7.3  0.25 0.33 0.43 
2011 4.2 5.5 7.3  0.21 0.27 0.36 
2012 4.6 6.0 7.8  0.23 0.30 0.39 
2013 4.3 5.6 7.4  0.25 0.33 0.43 
2014 3.5 4.7 6.4  0.11 0.15 0.21 
2015 5.4 7.0 9.1  0.16 0.21 0.27 
2016 5.9 7.8 10.4  0.27 0.35 0.47 
2017 4.5 6.3 8.7  0.25 0.34 0.48 
2018 4.4 6.1 8.5  0.26 0.37 0.51 
2019 4.6 6.3 8.7  0.34 0.48 0.66 
2020 3.6 5.1 7.2  0.26 0.37 0.52 
2021 4.0 5.4 7.5  0.22 0.31 0.42 
2022 4.2 5.7 7.8   0.21 0.28 0.38 
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Table 4-4. Ratio of biomass to Bmsy, and ratio of fishing pressure to Fmsy (typical values and the 342 
90% confidence interval) 343 

Fishing 
year 

B/Bmsy  F/Fmsy 
Lower 
Limit 

Typical 
values 

Upper 
Limit 

 Lower 
Limit 

Typical 
values 

Upper 
Limit 

1985 0.87 1.33 2.20   0.43 0.73 1.13 
1986 0.85 1.22 1.90  0.42 0.68 0.98 
1987 0.98 1.35 2.03  0.51 0.78 1.10 
1988 0.92 1.22 1.80  0.54 0.82 1.12 
1989 0.93 1.23 1.80  0.58 0.87 1.17 
1990 0.87 1.13 1.63  0.59 0.87 1.15 
1991 0.89 1.15 1.64  0.65 0.95 1.26 
1992 0.87 1.10 1.56  0.77 1.12 1.46 
1993 0.71 0.90 1.24  0.80 1.14 1.47 
1994 0.68 0.86 1.21  0.77 1.12 1.45 
1995 0.69 0.87 1.25  0.63 0.93 1.22 
1996 0.82 1.05 1.53  0.55 0.83 1.10 
1997 0.91 1.15 1.69  0.60 0.90 1.19 
1998 0.83 1.05 1.51  0.51 0.76 0.99 
1999 1.01 1.29 1.88  0.48 0.72 0.95 
2000 1.02 1.28 1.86  0.39 0.59 0.77 
2001 1.20 1.52 2.20  0.42 0.62 0.81 
2002 1.14 1.43 2.07  0.42 0.63 0.82 
2003 1.28 1.61 2.33  0.40 0.59 0.77 
2004 1.42 1.79 2.59  0.34 0.50 0.65 
2005 1.48 1.88 2.72  0.27 0.40 0.53 
2006 1.54 1.94 2.80  0.27 0.39 0.51 
2007 1.74 2.19 3.17  0.32 0.48 0.63 
2008 1.43 1.80 2.61  0.24 0.35 0.46 
2009 1.43 1.80 2.60  0.25 0.37 0.49 
2010 1.47 1.86 2.68  0.24 0.36 0.47 
2011 1.47 1.85 2.68  0.20 0.30 0.39 
2012 1.59 2.00 2.88  0.22 0.33 0.43 
2013 1.50 1.88 2.71  0.24 0.36 0.47 
2014 1.25 1.59 2.30  0.11 0.17 0.22 
2015 1.84 2.33 3.40  0.15 0.23 0.30 
2016 1.99 2.63 3.96  0.25 0.39 0.52 
2017 1.56 2.09 3.22  0.24 0.38 0.51 
2018 1.54 2.04 3.11  0.26 0.40 0.55 
2019 1.60 2.11 3.17  0.34 0.52 0.71 
2020 1.29 1.70 2.53  0.26 0.40 0.54 
2021 1.41 1.83 2.66  0.23 0.33 0.45 
2022 1.48 1.92 2.79   0.21 0.31 0.41 
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Table 4-5. Stock analysis results (typical value) 345 

FY 
Catch 

(thousand 
tons) 

Biomass 
(thousand 

tons) 

Fishing 
pressure 

(F) 
B/Bmsy F/Fmsy 

1985 2.6 3.9 0.68 1.33 0.73 
1986 2.2 3.6 0.62 1.22 0.68 
1987 2.9 4.0 0.72 1.35 0.78 
1988 2.7 3.6 0.75 1.22 0.82 
1989 2.9 3.7 0.80 1.23 0.87 
1990 2.7 3.4 0.80 1.13 0.87 
1991 3.0 3.4 0.88 1.15 0.95 
1992 3.4 3.3 1.03 1.10 1.12 
1993 2.8 2.7 1.05 0.90 1.14 
1994 2.6 2.6 1.04 0.86 1.12 
1995 2.2 2.6 0.86 0.87 0.93 
1996 2.4 3.1 0.76 1.05 0.83 
1997 2.8 3.4 0.82 1.15 0.90 
1998 2.2 3.1 0.70 1.05 0.76 
1999 2.5 3.8 0.67 1.29 0.72 
2000 2.1 3.8 0.54 1.28 0.59 
2001 2.6 4.5 0.56 1.52 0.62 
2002 2.5 4.3 0.59 1.43 0.63 
2003 2.6 4.8 0.54 1.61 0.59 
2004 2.4 5.3 0.45 1.79 0.50 
2005 2.1 5.6 0.36 1.88 0.40 
2006 2.1 5.8 0.36 1.94 0.39 
2007 2.9 6.5 0.44 2.19 0.48 
2008 1.7 5.4 0.32 1.80 0.35 
2009 1.8 5.4 0.34 1.80 0.37 
2010 1.8 5.5 0.33 1.86 0.36 
2011 1.5 5.5 0.27 1.85 0.30 
2012 1.8 6.0 0.30 2.00 0.33 
2013 1.8 5.6 0.33 1.88 0.36 
2014 0.7 4.7 0.15 1.59 0.17 
2015 1.5 7.0 0.21 2.33 0.23 
2016 2.8 7.8 0.35 2.63 0.39 
2017 2.1 6.3 0.34 2.09 0.38 
2018 2.2 6.1 0.37 2.04 0.40 
2019 3.0 6.3 0.48 2.11 0.52 
2020 1.8 5.1 0.37 1.70 0.40 
2021 1.7 5.4 0.31 1.83 0.33 
2022 1.6 5.7 0.28 1.92 0.31 
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Appendix 2 Calculation Methods 387 
The status of this stock was assessed by stock analysis using SPiCT, which is a Pella-Tomlinson 388 

state-space surplus production model (a stochastic state-space surplus production model in 389 
continuous time: Pedersen and Berg 2017). Generally, estimated values from SPiCT were the basis 390 
for proposed target reference points such as the biomass required for MSY (Bmsy) and the upper 391 
limit of fishing pressure in HCRs (Fmsy). The basic equations and parameters used in SPiCT are 392 
shown below. 393 
 394 
(1) State-space surplus production model 395 
State model 396 

In SPiCT, changes over time in biomass (state model), which cannot be observed directly, are 397 
described as follows. 398 

𝑑𝑑𝐵𝐵𝑡𝑡 = 𝑟𝑟
𝑛𝑛−1

𝐵𝐵𝑡𝑡 �1− �𝐵𝐵𝑡𝑡
𝐾𝐾
�
𝑛𝑛−1

�𝑑𝑑𝑑𝑑 − 𝐹𝐹𝑡𝑡𝐵𝐵𝑡𝑡𝑑𝑑𝑑𝑑 + 𝜎𝜎𝐵𝐵𝐵𝐵𝑡𝑡𝑑𝑑𝑊𝑊𝑡𝑡   (1)  399 

In this equation, Bt is biomass at time t, Ft is fishing mortality at time t, r is the intrinsic growth 400 
rate, and K is the carrying capacity. In addition, σBBtdWt is the process error, σB is the standard 401 
deviation of the process error, and Wt is the Brownian motion. Then, n is the shape parameter that 402 
determines the shape of the surplus production curve, and a larger parameter indicates a greater 403 
relative position of Bmsy (biomass required for MSY) compared to carrying capacity. Generally, 404 
there is a strong relationship between r and K, and Fletcher’s (1978) adjustments to Equation (2) 405 
allow for more stable estimates. 406 

𝑑𝑑𝐵𝐵𝑡𝑡 = �𝛾𝛾𝛾𝛾𝐵𝐵𝑡𝑡
𝐾𝐾
− 𝛾𝛾𝛾𝛾 �𝐵𝐵𝑡𝑡

𝐾𝐾
�
𝑛𝑛
− 𝐹𝐹𝑡𝑡𝐵𝐵𝑡𝑡� 𝑑𝑑𝑑𝑑 + 𝜎𝜎𝐵𝐵𝐵𝐵𝑡𝑡𝑑𝑑𝑊𝑊𝑡𝑡   (2)  407 

In this equation, γ is defined in Equation (3), and m is defined in Equation (4). 408 
𝛾𝛾 = 𝑛𝑛𝑛𝑛/(𝑛𝑛−1)/(𝑛𝑛 − 1)      (3)  409 

𝛾𝛾 = 𝑟𝑟𝐾𝐾
𝑛𝑛𝑛𝑛/(𝑛𝑛−1)       (4)  410 

For a parameter relating to biomass in the first year of the stock assessment period, bkfrac, which 411 
is the ratio of biomass in the first FY to the carrying capacity, can be found indirectly. Deterministic 412 
(σB = 0) population dynamics presume that m corresponds to MSY as described in Equation (5). In 413 
addition, deterministic Bmsy and Fmsy are described in Equation (6) and (7), respectively. 414 

𝑀𝑀𝑀𝑀𝑀𝑀𝑑𝑑 = 𝛾𝛾       (5)  415 
𝐵𝐵𝑚𝑚𝑚𝑚𝑚𝑚
𝑑𝑑 = 𝑛𝑛1/(1−𝑛𝑛)𝐾𝐾       (6) 416 

𝐹𝐹𝑚𝑚𝑚𝑚𝑚𝑚
𝑑𝑑 = 𝛾𝛾 𝐵𝐵𝑚𝑚𝑚𝑚𝑚𝑚⁄        (7) 417 

Meanwhile, stochastic MSY, Bmsy, and Fmsy are described in Equation (8), (9), and (10), 418 
respectively. 419 

 𝑀𝑀𝑀𝑀𝑀𝑀𝑚𝑚 = 𝑀𝑀𝑀𝑀𝑀𝑀𝑑𝑑 �1− 𝑛𝑛/2

1−�1−𝐹𝐹𝑚𝑚𝑚𝑚𝑚𝑚
𝑑𝑑 �

2𝜎𝜎𝐵𝐵
2�     (8) 420 

 𝐵𝐵𝑚𝑚𝑚𝑚𝑚𝑚
𝑚𝑚 = 𝐵𝐵𝑚𝑚𝑚𝑚𝑚𝑚

𝑑𝑑 �1− 1+𝐹𝐹𝑚𝑚𝑚𝑚𝑚𝑚
𝑑𝑑 (𝑛𝑛−2)/2

𝐹𝐹𝑚𝑚𝑚𝑚𝑚𝑚
𝑑𝑑 −�2−𝐹𝐹𝑚𝑚𝑚𝑚𝑚𝑚

𝑑𝑑 �
2𝜎𝜎𝐵𝐵

2�     (9) 421 
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 𝐹𝐹𝑚𝑚𝑚𝑚𝑚𝑚
𝑚𝑚 = 𝐹𝐹𝑚𝑚𝑚𝑚𝑚𝑚

𝑑𝑑 − (𝑛𝑛−1)(1−𝐹𝐹𝑚𝑚𝑚𝑚𝑚𝑚
𝑑𝑑 )

�2−𝐹𝐹𝑚𝑚𝑚𝑚𝑚𝑚
𝑑𝑑 �

2 𝜎𝜎𝐵𝐵2      (10) 422 

When the shape parameter n is less than 1, then stochastic MSY, Bmsy, and Fmsy estimates become 423 
unstable. Following the recommendation of Pedersen and Berg (2017), stochastic values were used 424 
when n>1, and deterministic values were used when 0<n≤1. 425 

SPiCT allows for development of models for the process of seasonal fishing, as described in 426 
Equation (11) and (12), which makes it possible to divide a 1 year period into shorter increments 427 
to perform calculations. 428 

𝐹𝐹𝑡𝑡 = 𝑀𝑀𝑡𝑡𝐺𝐺𝑡𝑡       (11) 429 
 𝑑𝑑log𝐺𝐺𝑡𝑡 = 𝜎𝜎𝐹𝐹𝑑𝑑𝑉𝑉𝑡𝑡       (12) 430 

This equation shows the composition of fishing mortality 𝐹𝐹𝑡𝑡, when St is seasonal changes in catch, 431 
and Gt is a random effect. In addition, σF is the standard deviation relating to noise in fishing 432 
mortality, and Vt is the Brownian motion. When developing models for seasonal changes in catch, 433 
other methods are available, such as assuming that St follows a periodic B-spline curve. 434 
 435 
Observation model 436 

Index values used to estimate parameters in SPiCT can be processed using the following 437 
observation model. 438 

log�𝐼𝐼𝑡𝑡,𝑖𝑖� = log(𝑞𝑞𝑖𝑖𝐵𝐵𝑡𝑡) + 𝑒𝑒𝑡𝑡,𝑖𝑖      (13) 439 

 𝑒𝑒𝑡𝑡,𝑖𝑖〜𝑁𝑁�0,𝜎𝜎𝐼𝐼,𝑖𝑖2 �       (14) 440 

SPiCT allows for the use of multiple index values. In this equation, It,i is the value of the number 𝑖𝑖 441 
index value at time t, and qi is the catchability parameter for the number i index value. Next, et,i is 442 
the observational error of the number i index value, and σI,i is the standard deviation. 443 

SPiCT can also handle errors in aggregated catch by estimating catch as a value which cannot be 444 
observed directly using Equation (15) and (16). 445 

log(𝐶𝐶𝑡𝑡) = log �∫ 𝐹𝐹𝑚𝑚𝐵𝐵𝑚𝑚𝑑𝑑𝑑𝑑
𝑡𝑡+∆
𝑡𝑡 �+ 𝜖𝜖𝑡𝑡     (15) 446 

 𝜖𝜖𝑡𝑡〜𝑁𝑁(0,𝜎𝜎𝐶𝐶2)       (16) 447 

In this equation, 𝜖𝜖𝑡𝑡 is the observational error of catch, and 𝜎𝜎𝐶𝐶 is the standard deviation. However, 448 
in the model for this stock, it was assumed that the observed error of catch was quite small (fixed 449 
at 𝜎𝜎𝐶𝐶 = 0.01). 450 
 451 
Estimated stock assessment parameters 452 

SPiCT can also estimate surplus production model parameters using the penalized maximum 453 
likelihood method, which is a type of Bayesian estimation. For this stock, n, m, K, qi, Bt, Ft, σB, σI,i, 454 
σF, and bkfrac are estimated values. The estimated intrinsic growth rate (r) can be found using 455 
estimates for n, m, and K in Equation (17). 456 
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  𝑟𝑟 = 𝛾𝛾� 𝐾𝐾
𝑛𝑛(𝑛𝑛/(𝑛𝑛−1))�

−1
     (17) 457 

Prior distribution can be used as prior information before estimating each parameter, or it can be 458 
used as a prior known parameter. 459 
 460 
(2) Available data and model settings in this stock assessment 461 
Data Sets 462 

Catch values used in the surplus production model were based on aggregated catch data from the 463 
1985 to 2022 FYs. As previously mentioned, SPiCT estimates can assume that catch also includes 464 
errors, but in the model for this stock, it was assumed that the observed error of catch was quite 465 
small. The surviving biomass in the 1995 to 2015 FYs (D) was used as the index value 𝐼𝐼1, 466 
specifically, the biomass of females as estimated by the HRO using VPA (Central and Wakkanai 467 
Fisheries Research Institutes, 2023) was converted for use in surplus production models. This is 468 
because biomass as estimated by the VPA follows a different definition than biomass as estimated 469 
by the surplus production model. Biomass based on the VPA represents the population size based 470 
on the population growth (maturity and recruitment) in a certain year, before the impact of fishing 471 
in that year. Meanwhile, biomass based on the surplus production model represents the population 472 
size in a certain year before the addition of surplus production, and before the impact of fishing in 473 
that year. In the VPA, this is equivalent to the surviving biomass after decrease due to the impact 474 
of fishing and natural mortality in the previous year (Supplementary Fig. 2-1). In this study,  the 475 
surviving biomass𝐷𝐷 for each year was calculated using the following equation in order to compare 476 
the VPA results with the surplus production model. 477 

𝐷𝐷𝑚𝑚 = (𝐵𝐵𝑚𝑚−1 ∙ 𝑒𝑒
�−𝑀𝑀2 � − 𝐶𝐶𝑚𝑚−1)𝑒𝑒�−

𝑀𝑀
2�     (18) 478 

In this equation, 𝐵𝐵𝑚𝑚 is biomass in year y as estimated based on the VPA, 𝐶𝐶𝑚𝑚 is catch in year y, M is 479 
the natural mortality (0.25) assumption for analysis using the VPA, and 𝐷𝐷 corresponds to biomass 480 
as estimated in the surplus production model. Because the biomass of females in this stock is 481 
estimated using the VPA, it is necessary to add the biomass of males to By. This analysis assumed 482 
that the population ratio of males to females is 1:1, and the body weight ratio is 1:0.8, so the 483 
combined biomass of males and females is the female biomass multiplied by 1.8. In addition, 484 
because the catch status of males in this stock varies greatly from year to year, we anticipate that 485 
the assumptions above will mean a large discrepancy in data for some years. Accordingly, the 486 
biomass was estimated by VPA using data from the 1994 to 2014 FYs, when the catch status of 487 
males was relatively low and stable, and the result was used in the equation above to calculate 𝐷𝐷 488 
in the 1995 to 2015 FYs. Then, it was used for the index value 𝐼𝐼1 in analysis. As described above, 489 
the combined biomass of males and females was found using the estimated biomass of females with 490 
an assumption for the sex ratio, and was then used as an index value, so it is important to stay aware 491 
that uncertainty in the assumption for sex ratio might lead to uncertainty in estimated results. The 492 
standardized CPUE for offshore bottom trawl fishery with Danish seine was reviewed, and the 493 



  FRA-SA2023-SC16-01 

- 28 - 

values were scaled so the mean value in the 1985 to 2022 FYs (same FYs as aggregated catch) was 494 
equal to 1, and the result was used for the index value 𝐼𝐼2. Details about standardized CPUE are 495 
described in “CPUE standardization for the northern Hokkaido stock of pointhead flounder in 496 
offshore danish seine fishery in 2023” (FRA-SA2023-SC16-101) (Chiba et al. 2023). 497 

SPiCT makes it possible to divide a year period into shorter increments to include seasonal data 498 
in the model, but for this stock, only one data set is used for the full year of catch and index values, 499 
so seasonal data is not included in the model. Therefore, the time increments in the model are set 500 
to match the 12 month increments of population dynamics, which is the same as a typical discrete 501 
surplus production model (St = 1 in Equation 11). 502 
 503 
Prior distribution of parameters 504 

SPiCT uses the penalized maximum likelihood method, which is a type of Bayesian estimation, 505 
so it can assign prior distribution when estimating parameters. In general, the shape parameter (n) 506 
is often difficult to estimate, so this analysis was attempted using the prior mean (n = 2.00). 507 
Likewise, the prior mean for the intrinsic growth rate (r) was based on FishLife (Thorson 2020) (r 508 
= 0.32). In addition, in each model, the mean value was used as the catchability parameter for the 509 
index value𝐼𝐼1 (𝑞𝑞1 = 1), and another mean value was used as prior information for the magnitude of 510 
the observation error (𝜎𝜎𝐼𝐼1 = 0.15). Details about sensitivity analysis when the catchability parameter 511 
(𝑞𝑞1) and the magnitude of observation error (𝜎𝜎𝐼𝐼1) are assigned as prior information are described in 512 
the previous fiscal year’s report, “Stock analysis for the northern Hokkaido stock of pointhead 513 
flounder using state-space surplus production model in 2022” (FRA-SA2022-SC08-201) (Chiba et 514 
al. 2022). The values q2, σB, σI,2, σF, and bkfrac were estimated without assigning prior distribution. 515 
 516 
(3) Model diagnostics results 517 
Judging validity of estimated values 518 
 Following the “Guideline for application of state-space surplus production models to Japanese 519 
resources” (FRA-SA2023-ABCWG02-07) (Japan Fisheries Research and Education Agency 2023), 520 
no major problems were identified in the model convergence conditions or the stability/validity of 521 
estimated parameters in the following two models taken from stock calculation results using SPiCT, 522 
so these models were judged to obtain appropriate estimated values, and they were adopted as the 523 
base case models for this stock assessment. Model 1 uses a wide prior distribution which assumes 524 
a log-normal distribution with a standard deviation of 1, while Model 2 uses a narrow prior 525 
distribution with a standard deviation of 0.50, and these models were used to estimate parameters. 526 
Each model used the standard deviation of 0.30 for the catchability parameter 𝑞𝑞1, and the standard 527 
deviation of 0.50 for the magnitude of the observation error 𝜎𝜎𝐼𝐼1. Results for estimated parameters 528 
are shown in Supplementary Table 2-1. In addition, estimated values for biomass and fishing 529 
pressure in each model are shown in Supplementary Table 2-2. 530 
 531 
Model Diagnostics 532 

The results of retrospective analysis showed that estimated values could be obtained for every 533 
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year in both of the base case models, and that there was no significant retrospective bias in the 534 
biomass to Bmsy ratio (Mohn’s ρ = −0.02 to −0.01) (Supplementary Fig. 2-2). Likewise, there was 535 
no significant retrospective bias in the fishing pressure to Fmsy ratio (Mohn’s ρ = 0.01 to 0.02). 536 
There was no significant difference in the retrospective bias between the models. 537 

Residual analysis was performed to check the fit of index values, and in both models, the 538 
residuals fit well with the assumption of normal distribution, and there were no significant 539 
autocorrelation patterns (Supplementary Fig. 2-3). The relationship of index values and biomass 540 
(estimated based on the merged results from the two base case models, as discussed below) was 541 
reviewed, and it was observed that index value 1 (surviving biomass) and estimated biomass 542 
followed the same trends (Supplementary Fig. 2-4). It is believed that there are no specific problems 543 
in model estimates using these index values. 544 
 Factor analysis was performed to examine whether estimated fluctuations in biomass are 545 
impacted by surplus production, catch, and/or process error(s). Although many points concerning 546 
fluctuations in biomass can be explained by surplus production and catch, there were very few 547 
fluctuations that could be explained by process error(s) (Supplementary Fig. 2-5). 548 
 549 
(4) Merger of base case model results 550 

Due to the framework of the surplus production models, values for biomass and fishing pressure 551 
relating to MSY (including Bmsy and Fmsy) are updated in every stock assessment. Values related 552 
to these reference points were found by merging the results from the two base case models. Next, 553 
relevant values in the stock assessment were found by merging the results from the two base case 554 
models. Calculations for merged results were performed, and a variance-covariance matrix was 555 
created for estimated parameters in each model. Then, the parameter sets were regenerated with 556 
consideration for relationships between parameters. Specifically, the fixed effect parameters were 557 
n, m, K, σB, σC, σF, σI,1, σI,2, q1, and q2, and the random effect parameters were logarithmic values 558 
for B and F in the 1985 to 2022 FYs. The parameter sets containing these values were randomly 559 
generated for the number of iterative calculations based on a multivariate normal distribution, and 560 
these were used to obtain the stock dynamics, and the parameter sets, included in the range of 561 
uncertainty in estimates from both models. The variance used for multivariate normal distribution 562 
was the variance-covariance matrix (inverse precision matrix) estimated in each model. This study 563 
used the median values, the 5th percentile, and the 95th percentile of the parameter sets for the 564 
number of iterations which were generated from the two base case models to find the typical values 565 
and the 90% confidence interval. The number of iterations for calculating relevant values in the 566 
stock assessment was 30,000. The Kobe plot in Fig. 4-5 shows the combined results for both of the 567 
two base case models used in the stock assessment. There is also a color-coded Kobe plot for each 568 
base case model in Supplementary Fig. 2-6. Similar results were obtained from both of the two base 569 
case models used in the stock assessment, and it was estimated that the biomass to Bmsy ratio 570 
(B/Bmsy) in the most recent year exceeds 1, including the 90% confidence interval, and that the 571 
fishing pressure to Fmsy ratio (F/Fmsy) in the most recent year is less than 1, including the 90% 572 
confidence interval. Although stock statuses in previous years did not include a confidence interval 573 
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in the Kobe plots, it should be kept in mind that the confidence interval(s) are available, just like 574 
the most recent year, as shown in Supplementary Fig. 2-7. 575 
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A) Model 1 

 
B) Model 2 

 
Supplementary Fig. 2-2. Results of retrospective analysis 602 
  603 
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A) Model 1 604 

 605 
Supplementary Fig. 2-3. Residual analysis of index values 606 
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B) Model 2 607 

 608 
Supplementary Fig. 2-3. Residual analysis of index values (continued) 609 

610 
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A) Model 1 

 
B) Model 2 

 
 615 
Supplementary Fig. 2-5. Factor stratification plots for each base case model 616 

Left: the grey shaded area represents estimated biomass, and the red, green, and blue arrows 617 
represent the magnitude of impact of surplus production, catch, and process error(s) in 618 
relation to fluctuations in biomass. Right: the magnitude of impact of surplus production, 619 
catch, and process error(s) with a baseline of 0. 620 

  621 
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Supplementary Table 2-1. Estimated parameters in the base case models 631  
Model 1 Model 2 

Prior 
distribution 
settings 

Assumptions: mean shape parameter n 
= 2.00, mean intrinsic natural growth 
rate r = 0.32, wide prior distribution 
SD = 1 

Assumptions: mean shape parameter n 
= 2.00, mean intrinsic natural growth 
rate r = 0.32, narrow prior distribution 
SD = 0.5  

5% lower 
limit 

Estimated 
values 

5% upper 
limit 

5% lower 
limit 

Estimated 
values 

5% upper 
limit 

𝑟𝑟 0.33 0.66 1.31 0.44 0.72 1.19 
𝐾𝐾 6,900 9,300 12,600 7,300 9,500 12,500 

𝑙𝑙𝑛𝑛 (𝑞𝑞1) −0.57 −0.32 −0.07 −0.66 −0.39 −0.13 
𝑙𝑙𝑛𝑛 (𝑞𝑞2) −8.70 −8.44 −8.17 −8.79 −8.51 −8.24 
𝑛𝑛 0.26 0.65 1.61 0.49 0.86 1.50 
𝜎𝜎𝐵𝐵 0.07 0.10 0.13 0.07 0.09 0.13 
𝜎𝜎𝐹𝐹 0.17 0.22 0.28 0.18 0.22 0.28 
𝜎𝜎𝐼𝐼,1 0.04 0.06 0.11 0.04 0.06 0.11 
𝜎𝜎𝐼𝐼,2 0.21 0.26 0.32 0.21 0.26 0.32 
𝑀𝑀𝑀𝑀𝑀𝑀 2,600 2,700 2,900 2,600 2,700 2,900 
𝐵𝐵𝛾𝛾𝑑𝑑𝐵𝐵 1,700 2,700 4,300 2,300 3,200 4,600 
𝐵𝐵2022 4,100 5,500 7,500 4,400 6,000 8,100 

𝐵𝐵2022/𝐵𝐵𝑚𝑚𝑚𝑚𝑚𝑚 1.41 2.03 2.92 1.44 1.84 2.34 
𝐹𝐹𝛾𝛾𝑑𝑑𝐵𝐵 0.62 1.00 1.63 0.58 0.84 1.21 
𝐹𝐹2022 0.22 0.29 0.39 0.20 0.27 0.37 

𝐹𝐹2022/𝐹𝐹𝑚𝑚𝑚𝑚𝑚𝑚 0.20 0.29 0.43 0.25 0.32 0.42 
Each model used the same settings for 𝜎𝜎𝐼𝐼1 (mean = 0.15, prior distribution of standard deviation = 632 
0.50) and 𝑞𝑞1 (mean = 1.00, prior distribution of standard deviation = 0.30). 633 
Because n was less than 1 in both base case models for this stock, Bmsy, Fmsy, and MSY were 634 
calculated using a deterministic method. 635 
Each value was rounded to units of hundreds, or up to two decimal places. 636 
  637 
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Supplementary Table 2-2. Estimated biomass, fishing pressure, and the 90% confidence interval 638 
for each base case model 639 
A) Model 1 640 

Fishing 
year 

Biomass (thousand tons)   Fishing pressure 
Lower 
Limit 

Estimated 
values 

Upper 
Limit   Lower 

Limit 
Estimated 

values 
Upper 
Limit 

1985 2.6 3.8 5.6  0.47 0.69 1.02 
1986 2.5 3.5 4.9  0.45 0.64 0.91 
1987 2.9 3.9 5.2  0.55 0.74 1.00 
1988 2.6 3.5 4.8  0.57 0.78 1.06 
1989 2.6 3.5 4.8  0.61 0.82 1.12 
1990 2.4 3.2 4.4  0.61 0.83 1.13 
1991 2.4 3.3 4.4  0.68 0.91 1.22 
1992 2.3 3.1 4.2  0.79 1.07 1.43 
1993 1.8 2.5 3.5  0.79 1.10 1.52 
1994 1.8 2.5 3.4  0.78 1.07 1.46 
1995 1.9 2.5 3.3  0.67 0.89 1.17 
1996 2.3 3.0 3.9  0.61 0.79 1.02 
1997 2.6 3.3 4.3  0.66 0.85 1.10 
1998 2.3 3.0 4.0  0.54 0.72 0.95 
1999 2.9 3.7 4.8  0.53 0.68 0.88 
2000 2.8 3.7 4.8  0.42 0.56 0.73 
2001 3.4 4.4 5.7  0.45 0.58 0.76 
2002 3.1 4.1 5.4  0.45 0.59 0.78 
2003 3.6 4.7 6.1  0.43 0.56 0.73 
2004 4.0 5.2 6.8  0.36 0.47 0.62 
2005 4.1 5.4 7.1  0.29 0.38 0.50 
2006 4.3 5.6 7.3  0.28 0.37 0.49 
2007 4.9 6.3 8.2  0.35 0.45 0.59 
2008 3.9 5.2 6.8  0.25 0.33 0.44 
2009 4.0 5.2 6.8  0.27 0.35 0.46 
2010 4.1 5.4 7.0  0.26 0.34 0.44 
2011 4.1 5.3 7.0  0.22 0.28 0.37 
2012 4.4 5.8 7.5  0.24 0.31 0.41 
2013 4.2 5.4 7.0  0.26 0.34 0.44 
2014 3.4 4.6 6.1  0.12 0.16 0.21 
2015 5.3 6.8 8.7  0.17 0.22 0.28 
2016 5.8 7.6 10.0  0.28 0.36 0.48 
2017 4.4 6.1 8.4  0.26 0.35 0.49 
2018 4.3 5.9 8.1  0.28 0.38 0.52 
2019 4.4 6.1 8.3  0.36 0.49 0.68 
2020 3.5 4.9 6.8  0.27 0.38 0.54 
2021 3.8 5.2 7.1  0.23 0.32 0.44 
2022 4.1 5.5 7.4   0.22 0.29 0.39 
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Supplementary Table 2-2. Estimated biomass, fishing pressure, and the 90% confidence interval 641 
for each base case model (continued) 642 
B) Model 2 643 

Fishing 
year 

Biomass (thousand tons)   Fishing pressure 
Lower 
Limit 

Estimated 
values 

Upper 
Limit   Lower 

Limit 
Estimated 

values 
Upper 
Limit 

1985 2.7 4.0 6.0  0.44 0.65 0.97 
1986 2.6 3.7 5.3  0.42 0.60 0.85 
1987 3.0 4.1 5.6  0.51 0.70 0.94 
1988 2.8 3.8 5.2  0.53 0.72 0.99 
1989 2.8 3.8 5.1  0.56 0.76 1.03 
1990 2.6 3.5 4.8  0.56 0.76 1.04 
1991 2.7 3.6 4.8  0.62 0.84 1.12 
1992 2.6 3.4 4.6  0.73 0.98 1.31 
1993 2.0 2.8 3.9  0.72 0.99 1.37 
1994 2.0 2.7 3.7  0.71 0.98 1.34 
1995 2.0 2.7 3.6  0.61 0.82 1.09 
1996 2.5 3.2 4.2  0.56 0.74 0.96 
1997 2.7 3.6 4.7  0.61 0.79 1.03 
1998 2.4 3.3 4.3  0.50 0.66 0.88 
1999 3.1 4.0 5.2  0.49 0.64 0.83 
2000 3.0 4.0 5.3  0.39 0.52 0.68 
2001 3.6 4.7 6.1  0.42 0.54 0.71 
2002 3.4 4.5 5.9  0.42 0.55 0.73 
2003 3.8 5.0 6.6  0.40 0.52 0.68 
2004 4.2 5.6 7.3  0.33 0.44 0.58 
2005 4.4 5.8 7.7  0.27 0.35 0.47 
2006 4.6 6.0 7.9  0.26 0.35 0.46 
2007 5.2 6.8 8.9  0.32 0.42 0.55 
2008 4.2 5.6 7.4  0.23 0.31 0.41 
2009 4.3 5.6 7.4  0.25 0.33 0.43 
2010 4.4 5.8 7.6  0.24 0.32 0.42 
2011 4.4 5.8 7.6  0.20 0.26 0.34 
2012 4.8 6.2 8.1  0.22 0.29 0.38 
2013 4.5 5.8 7.6  0.24 0.31 0.41 
2014 3.7 4.9 6.6  0.11 0.15 0.20 
2015 5.6 7.2 9.3  0.16 0.20 0.26 
2016 6.1 8.1 10.8  0.26 0.34 0.45 
2017 4.7 6.5 9.0  0.24 0.33 0.46 
2018 4.6 6.3 8.8  0.26 0.35 0.49 
2019 4.7 6.5 9.0  0.33 0.46 0.63 
2020 3.7 5.3 7.5  0.25 0.35 0.50 
2021 4.1 5.7 7.8  0.21 0.29 0.40 
2022 4.4 6.0 8.1 

 
0.20 0.27 0.37 
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Appendix 3 Standardized CPUE for offshore bottom trawl fishery (Danish seine) 644 
The CPUE (catch of pointhead flounder per haul (kg/net)) was standardized based on aggregated 645 

catch reports by month and by vessel for offshore bottom trawl fishery (Danish seine) in Northern 646 
Hokkaido, and it was used as an index value in the surplus production model. Data was filtered 647 
down to 818,751 operations according to what is considered to be relevant for trends in pointhead 648 
flounder stock in this area. Specifically, the base of operations was limited to Wakkanai, Esashi, 649 
and Otaru, and non-zero catch data from operations in the lowest 5% of water depth distribution 650 
(equivalent to 340 m or deeper) was excluded. In order to consider the effect of targeted operations, 651 
the filtered data was processed using a Direct Principal Component model (DPC) (Winker et al. 652 
2013) to model the effect of targeting. The DPC model used the continuous principal component 653 
score obtained from principal component analysis of catch composition data as the nonlinear factor 654 
within a generalized additive model (GAM) framework. In general, this stock is categorized by-655 
catch species, which has a high volume of zero catch data, so a Tweedie distribution model was 656 
also used for error distribution because it can add zero catch data to the model by using continuous 657 
variables for CPUE in the objective variables. The explanatory variables selected by Type-III 658 
ANOVA, AIC, and 5-fold cross-validation were FY (1980 to 2022 FYs), quarter (August to October, 659 
November to January of the following year, February to April, and May to July), horsepower class 660 
(11 categories), vessel class (2 categories), base location (Wakkanai, Esashi, and Otaru), 1st 661 
principal component score, 2nd principal component score, latitude and longitude, water depth, and 662 
the Pacific Decadal Oscillation as primary effects and the interactions between FY and base 663 
location, and quarter and base location. No major deviation was seen between estimates for 664 
distribution of projected values or distribution of observed values from the selected model 665 
(Supplementary Fig. 3-1), so this model was selected as the final model. Annual trends in 666 
standardized CPUE as estimated by combination calculations matched to the final model are shown 667 
in Supplementary Fig. 3-2. Details about standardized CPUE are described in “CPUE 668 
standardization for the northern Hokkaido stock of pointhead flounder in offshore danish seine 669 
fishery in 2023” (FRA-SA-2023-SC16-101) (Chiba et al. 2023). 670 

 671 
Final model 672 

Statistical Model: Generalized additive model 673 
Response variable(s): CPUE 674 
Explanatory variable(s): FY, Quarter, HP_class, Vessel_class, Base, PC1*, PC2*, Lat: 675 
Lon*, Dep*, PDO*, Base: FY, Base: Quarter (*smoothing spline) 676 
Error distribution: Tweedie 677 
Link function: log 678 
Power parameter (p): 1.591 679 

  680 
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 690 
Supplementary Fig. 3-1. QQ plot of the final model 691 
 692 
 693 
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Appendix 4. Proposed Reference Points and Fishing Ban Level 698 
 The “Scientific meeting on reference points for northern Hokkaido pointhead flounder in fiscal 699 
year 2023” (FRA-SA2023-BRP03-01) (Chiba et al. 2023) held in May 2023 proposed adoption of 700 
the following: the biomass required for MSY (Bmsy) as the target reference point, the lowest record 701 
of biomass before 2021 FY as estimated in stock assessments (Bmin) as the limit reference point, 702 
and 0 tons as the fishing ban level (Supplementary Table 4-1). 703 

In this year’s stock assessment, the biomass that corresponds to the proposed target reference 704 
point (Bmsy) was estimated to be 2,700 tons (1,700 to 4,300 tons) in Model 1 and 3,200 tons (2,300 705 
to 4,600 tons) in Model 2 (Supplementary Table 2-1). Based on the estimated results calculated 706 
from these base case models, the typical value (and 90% confidence interval) was 3,000 tons (1,800 707 
to 4,400 tons) (Supplementary Table 4-1). The biomass that corresponds to the proposed limit 708 
reference point (Bmin) was estimated to be 2,500 tons (1,800 to 3,400 tons) in Model 1 and 2,700 709 
tons (2,000 to 3,700 tons) in Model 2, and the typical value was calculated to be 2,500 tons (1,800 710 
to 3,400 tons) (Supplementary Table 4-1). 711 

Kobe plots with lines representing the proposed target reference point, the proposed limit 712 
reference point, and the proposed fishing ban level are shown in Supplementary Fig. 4-1. The ratio 713 
of the current biomass (biomass in the most recent year (2022 FY)) to the proposed reference points 714 
was examined. The ratio to the proposed target reference point Bmsy was 0.52 (0.36 to 0.67), and 715 
the ratio to the proposed limit reference point Bmin was 0.43 (0.35 to 0.53), and the typical value 716 
for current biomass exceeds both of these proposed reference points. 717 

 718 
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Supplemental Table 4-1. Proposed target reference points, proposed limit reference points, and 735 
proposed fishing ban level 736 
 737 

Proposed reference 
points 

Biomass 
(thousand 

tons) 

Ratio to  
carrying 
capacity 

Fishing 
pressure 

Anticipated 
Catch 

(thousand 
tons) 

Ratio to current 
fishing pressure 

Proposed target 
reference points 
(Bmsy) 

3.0 
(1.8 to 4.4) 

0.32 
(0.19 to 

0.45) 

0.92 
(0.62 to 

1.52) 

2.7 
(2.6 to 2.9) 

3.26 
(2.44 to 4.85) 

Proposed limit 
reference points 
(Bmin) 

2.5 
(1.8 to 3.4) 

0.26 
(0.20 to 

0.33) 

1.08 
(0.78 to 

1.49) 

2.7 
(2.4 to 2.9) 

3.83 
(3.07 to 4.79) 

Proposed fishing 
ban level 
(0 tons) 

0 0 – 0 – 

This table shows values for each proposed reference point based on the results of the surplus 738 
production model: the corresponding biomass (Bmsy), the ratio to carrying capacity (K), the 739 
corresponding fishing pressure (Fmsy), anticipated biomass under the corresponding fishing 740 
pressure (MSY), and the ratio of the corresponding fishing pressure to the current fishing pressure 741 
(Fmsy/F2022). The typical values, which are the median values calculated by regenerating the 742 
parameter sets for the number of iterations according to estimated results from the two base case 743 
models (30,000 iterations), and the 90% confidence interval derived from the 5th percentile and the 744 
95th percentile, are shown. 745 
  746 
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Appendix 5 Future Projections Based on Proposed HCRs 747 
(1) Setting Future Projections 748 
 In order to calculate relevant values for the stock assessment, we merged the results of two base 749 
case models. Future projections were calculated in a similar way by performing different stock 750 
dynamics simulations using each parameter set, which were regenerated for 2,000 iterative 751 
calculations, in order to consider previous estimates for stock dynamics and the uncertainty of 752 
parameters (Appendix 1 and 2). In the future projection, in order to replicate the process of updating 753 
the stock assessment by fitting the surplus production model to the annual data, prospective catch 754 
was calculated by executing a process that the ABC-like calculations for each year and each 755 
iteration which were based on the proposed HCRs, as described below. Accordingly, future 756 
projections are handled in a similar way to stock assessments, and stock calculations and two years 757 
of forward calculations are performed following a surplus production model (SPiCT) using catch 758 
and abundance indices obtained from up to two years prior as data. In this process, which is ABC-759 
like calculations, the proposed limit reference point and the fishing pressure required for MSY 760 
(Fmsy), which are used in proposed HCRs, are also updated based on stock calculation results. 761 
When performing two years of forward calculations, no error is assigned to natural fluctuations in 762 
biomass, and catch is assumed according to the fishing pressure corresponding to the ABC value. 763 
Projection results calculated using this process, with catch for each year and each iteration, were 764 
used as future projections under the condition that catch is performed following proposed HCRs. 765 
Future projections were performed for a 15-year period, but fishing pressure in the first year using 766 
this method, which is the 2022 FY, was based on actual catch statistics. The catch in the 2023 FY 767 
was assumed based on the fishing pressure in the 2022 FY as estimated by each iteration, and 768 
management following the proposed HCRs was set to begin in the 2024 FY. However, biomass in 769 
future projections is different than the forward calculations using the ABC-like calculations, so 770 
natural fluctuations were assigned based on the process error for each iteration. For purposes of 771 
comparison, results under the condition that catch continues under the current fishing pressure 772 
(2022 FY) are also shown. This fishing pressure was not subject to iterations using SPiCT as 773 
described above. 774 
 775 
(2) Proposed HCRs 776 

Proposed HCRs are guidelines which aim for better results than proposed target reference points 777 
in consideration of the probability of success for both maintenance and recovery of biomass, which 778 
set fishing pressure (F) and other factors that correspond to biomass. These rules set an upper limit 779 
for fishing pressure equal to Fmsy multiplied by adjustment coefficient β when biomass is above 780 
the proposed limit reference point, and reduce fishing pressure linearly to the proposed fish ban 781 
level when biomass is below the proposed limit reference point. The Research Institute Meeting for 782 
this stock recommends that the adjustment coefficient β is set to 0.8. 783 
 784 
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(3) Projected Values for the 2024 FY 785 
The catch in the 2024 FY, calculated by applying proposed HCRs to projections for biomass in 786 

the 2024 FY, will be 4,600 tons if β is set to 0.8, and 5,800 tons if β is set to 1.0. Projections for 787 
biomass in the 2024 FY were calculated using deterministic forward calculations without 788 
consideration for uncertainty in natural fluctuations in biomass, and 2,000 iterations were 789 
performed for two models. It was assumed that the catch in the year before the projection year was 790 
under the current fishing pressure (F2022). The values used for current fishing pressure were 791 
different values within the range of uncertainty for each iteration. For each set of iterations, the 792 
relative position between the projection for biomass in the 2024 FY and the proposed limit reference 793 
point (Bmin) or the fishing ban level (biomass = 0 tons), were used to set the fishing pressure 794 
(βFmsy) to be used in ABC calculations in each model. These results were used together with 795 
projections for biomass in the 2024 FY to calculate catch in the 2024 FY. Specifically, the mean 796 
value of the two models was obtained for each iteration, and the typical value (median value) of 797 
these results was set as the calculated catch for the stock management year. 798 

Projections for biomass in the 2024 exceeded the proposed limit reference point in all iterations 799 
(median value of 6,300 tons, 90% prediction interval of 4,500 to 8,800 tons). 800 

 801 
(4) Projections for the 2025 FY and After 802 

Results of future projections, including 2025 and onwards, are shown in Supplementary Figure 803 
5-2 and Supplementary Tables 5-1 and 5-2. If β (the adjustment coefficient used in HCRs) is set to 804 
0.8, then the projected biomass in the 2034 FY is 3,600 tons (90% prediction interval of 2,000 to 805 
5,700 tons, other values in parentheses below indicate the intervals for each typical value), while 806 
the probability that the projected value will exceed the proposed target reference point is 81%, and 807 
the probability that it will exceed the proposed limit reference point is 92%. If β is set to 1.0, then 808 
the projected biomass in the 2034 FY is 3,000 tons (1,400 to 5,400 tons), while the probability that 809 
the projected value will exceed the proposed target reference point is 58%, and the probability that 810 
it will exceed the proposed limit reference point is 73%. If the current fishing pressure (F2022) is 811 
continued, then the projected biomass in the 2034 FY is 6,400 tons (4,500 to 8,900 tons), while the 812 
probability that the projected value will exceed both the proposed target reference point and the 813 
proposed limit reference point is 100%. 814 

The “Scientific meeting on reference points for northern Hokkaido pointhead flounder in fiscal 815 
year 2023” (FRA-SA2023-BRP03-01) supplemented the preexisting criteria, which is that the 816 
probability that biomass will exceed the proposed target reference point is 50% or higher, with 817 
additional threshold values aimed to suppress the risk that biomass will fall below the proposed 818 
limit reference point (Bmin). Specifically, a criteria was adopted to recommend the following as 819 
HCRs: the probability that biomass will exceed the proposed target reference point in the 10 year 820 
period after management starts is 90% or higher, and the probability that biomass will fall below 821 
the proposed limit reference point 1+ time(s) in the 10 year period after management starts is 30% 822 
or less. Based on these criteria, “Scientific meeting on reference points for northern Hokkaido 823 
pointhead flounder in fiscal year 2023” (FRA-SA2023-BRP03-01) recommended that the 824 
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adjustment coefficient β is set to 0.8. Based on this year’s stock assessment, if the same criteria is 825 
applied to both the probability that biomass in the 2034 FY will exceed the proposed limit reference 826 
point, and the probability that it will fall below the proposed limit reference point 1+ time(s) in this 827 
10 year period, the same coefficient value would still be selected (β = 0.8) (Table 5-3 and 5-4). 828 
  829 
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Appendix 6 Calculation methods for proposed reference points and future projections 895 
(1) Proposed reference points 896 
 As described in Appendix 2, values for biomass and fishing pressure relating to MSY (Bmsy and 897 
Fmsy) were found by merging the results from the two base case models. Therefore, values for n, 898 
m, and K from regenerated parameter sets, and for their derivatives r which are calculated using 899 
Equation (17), and σB were found with iterations using Equations (5) to (10), and the values 900 
corresponding to the proposed target reference point were updated. Likewise, biomass relating to 901 
the proposed limit reference point (Bmin) was found and updated for each iteration. Because these 902 
biomass values at equilibrium (E(B∞|Ft)) can be approximated using fixed values for Ft and Bt in 903 
Equation (23) below (Pedersen and Berg 2017), and because of the typical relationship between 904 
catch, biomass, and fishing pressure in Equation (24), it was also possible to do exploratory 905 
calculations to find the fishing pressure Ft under the condition that catch Ct is expressed as a certain 906 
percentage of MSY, and to find the biomass at equilibrium (E(B∞|Ft)). 907 

𝐸𝐸(𝐵𝐵∞|𝐹𝐹𝑡𝑡) = 𝐾𝐾 �1− (𝑛𝑛−1)
𝑛𝑛

� 𝐹𝐹𝑡𝑡
𝐹𝐹𝑚𝑚𝑚𝑚𝑚𝑚
𝑑𝑑 ��

1/(𝑛𝑛−1)

∙ �1− 𝑛𝑛/2

1−�1−𝑛𝑛∙𝐹𝐹𝑚𝑚𝑚𝑚𝑚𝑚
𝑑𝑑 +(𝑛𝑛−1)𝐹𝐹𝑡𝑡�

2 𝜎𝜎𝐵𝐵2�  (23) 908 

 𝐶𝐶𝑡𝑡 = 𝐵𝐵𝑡𝑡 ∙ 𝐹𝐹𝑡𝑡       (24) 909 
However, the equation for 𝜎𝜎𝐵𝐵 = 0 was used when n<1. These typical values, which are the median 910 
values from iterative calculations, and the 90% confidence interval derived from the 5th percentile 911 
and the 95th percentile, are shown in Appendix 5. 912 
 913 
(2) Future Projection 914 
 Future projections were calculated for each iteration according to stock dynamics using 915 
parameter sets which were regenerated based on a multivariate normal distribution. The forward 916 
calculations used for future projections use surplus production and catch mortality following 917 
Pedersen and Berg (2017) with a Lamperti transformation, as described in Equation (25). 918 

𝑑𝑑𝑍𝑍𝑡𝑡 = �𝛾𝛾 𝑚𝑚
𝐾𝐾
− 𝛾𝛾 𝑚𝑚

𝐾𝐾
�exp(𝑍𝑍𝑡𝑡)

𝐾𝐾
�
𝑛𝑛−1

− 𝐹𝐹𝑡𝑡�𝑑𝑑𝑑𝑑     (25) 919 

In this equation, Zt = ln(Bt). Next, Ft was found based on catch as prescribed in proposed HCRs for 920 
future projections (Ct) and the biomass in the same time period (Bt). Because forward calculations 921 
use a process error (σB) to assign natural fluctuations in biomass, Equation (26) was used to describe 922 
biomass in the following FY (Bt+1). 923 

𝐵𝐵𝑡𝑡+1 = exp(𝑍𝑍𝑡𝑡 + 𝑑𝑑𝑍𝑍𝑡𝑡) exp (𝜀𝜀𝑡𝑡)     (26) 924 

In this equation, 𝜀𝜀𝑡𝑡〜𝑁𝑁(−0.5𝜎𝜎𝐵𝐵2,𝜎𝜎𝐵𝐵2). The stock dynamics described above are defined by r, K, n, 925 

and σB as regenerated in each iteration, which are then used to calculate γ and m using Equation (3) 926 
and (4). 927 

In order to consider the uncertainty of the stock assessment in future projections, the values used 928 
to describe the stock status (biomass and fishing pressure) at the start of the future projection period 929 
were also regenerated in each iteration. Some parameter sets which were regenerated based on a 930 
multivariate normal distribution demonstrated extreme stock dynamics. Therefore, future 931 
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projections were made for each iteration under the condition of no fishing (F = 0) for the next 2,000 932 
years, and then parameter combinations that revealed stock dynamics in which the stock collapsed 933 
(B<1) despite zero fishing pressure were excluded from the collection of parameter sets to be used 934 
in iterative calculations for future projections. The distribution of parameter sets which were 935 
regenerated for future projections is shown in Supplementary Fig. 6-1, and the excluded parameter 936 
sets are shown in Supplementary Fig. 6-2. However, for this stock, no parameter sets were excluded 937 
through this process. 938 
 ABC calculations, which are based on HCRs, calculate the catch to be used as the ABC by 939 
performing stock assessments using catch and the abundance index for up to 2 years before the 940 
ABC target year (ABC year), and by fitting biomass in the ABC year, as obtained from forward 941 
calculations for 2 years, to the HCRs. In this study, future projections were performed using a 942 
process which is similar to ABC calculations in order to consider uncertainty in future stock 943 
assessments. Therefore, biomass was estimated for each iteration using SPiCT with the catch and 944 
the abundance index for up to 2 years before each year in future projections (using Equation (1) to 945 
(14)), and forward calculations for 2 years were performed (using Equation (25) and (26), with no 946 
assumption for process error), and the biomass obtained from these calculations was fitted to the 947 
HCRs to determine the catch in future projections. Catch used in the stock assessment period (1985 948 
to 2022 FYs) considered a slight observational error for each iteration. The abundance indices used 949 
in the stock assessment period were observed values. Catch and abundance indices in the future 950 
projection period all used different projected values for each iteration. Catch was results from the 951 
process which is similar to ABC calculations, and abundance indices were found using biomass in 952 
each projection year (Bt), catchability (qi), and random observational error (et,i) (standard deviation 953 
= σI,i) using Equation (13) and (14). When the process which is similar to ABC calculations is used 954 
for future projections, forward calculations do not assign natural fluctuations in biomass based on 955 
process error (σB = 0). In addition, except for the first time that catch was calculated for proposed 956 
HCRs, catch mortality as assigned during forward calculations was the catch in each year as 957 
calculated in each iteration for proposed HCRs. During the first time that catch was calculated for 958 
proposed HCRs, catch mortality in the 2022 FY was based on observed catch without consideration 959 
for observational errors. Fishing morality in the 2023 FY was assumed based on fishing pressure 960 
in the 2022 FY (F2022). As mentioned previously, the value of F2022 was regenerated for each 961 
iteration. 962 
 Biomass for each year of future projections was calculated for each iteration using catch 963 
estimates from the process which is similar to ABC calculations, as described above, and Equation 964 
(25) and (26). During this step, the maximum fishing pressure (F) in each year was restricted to 965 
twice the value of Fmsy in order to prevent it from becoming unrealistically large. In the future 966 
projection, when making estimates by repeatedly checking the fit to state-space models, if ABC 967 
calculations cannot be performed due to a lack of convergence in the models, then it is decided to 968 
reuse the ABC value from the previous year. The typical values for biomass and catch shown in 969 
future projections in this study are median values obtained from these iterations. Likewise, the 90% 970 
prediction interval for relevant values in future projections is derived from the 5th percentile and 971 
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the 95th percentile of these iterative calculations. These results were merged into two types of OM 972 
generated based on the parameters estimated by the two base case models used in the stock 973 
assessment. Results of future projections are shown by OM type with color coding in 974 
Supplementary Fig. 6-3. In these two OM types, there are only small differences in the process 975 
errors and in the absolute values of biomass, fishing pressure, and catch, while the confidence 976 
intervals of B/Bmsy and F/Fmsy tend to be wider in OM 1. Details about calculation methods for 977 
future projections are shown in “Application of management strategy evaluation and future 978 
projection using state-space surplus production model to northern Hokkaido stocks of pointhead 979 
flounder and yellow striped flounder.” (FRA-SA2023-BRP03-101) (Ichinokawa et al. 2023). 980 
 981 
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 988 

 989 
Supplementary Figure 6-1. Distribution of parameter sets regenerated for future projections 990 
  The two base case models correspond to the two types of OM. 991 
  992 
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 1002 
 1003 
Supplementary Fig. 6-3. The future biomass, ratio of biomass to Bmsy, fishing pressure, ratio of 1004 

fishing pressure to Fmsy, catch, and the process error of each base case model 1005 
  The median values (thick lines) and 90% interval (shaded areas) of projected values under the 1006 

condition that catch follows proposed HCRs (β = 0.8). Red represents OM 1, which was 1007 
regenerated from parameter sets as estimated by stock assessment Model 1, and blue represents 1008 
OM 2, which was regenerated from parameter sets as estimated by stock assessment Model 2. 1009 
The thin colored lines represent the results of iterative calculations. 1010 
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