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Summary
We conducted stochastic future projections with candidate base-case stock assessment results to provide scientific information that could be used to draft management advice on the Northwestern Pacific stock of chub mackerel (including the NPFC convention area). The estimated spawning stock biomass at maximum sustainable yield (SSBMSY) was highly sensitive to input data and model configurations, estimated values were consistently higher than the current stock abundance. We propose using the first to third quartiles of historical SSB as interim reference points which might be used for short- or long-term target and limit, and with future probabilities calculated over these empirical reference points as well as the MSY-based ones. Stochastic future projections showed that, under constant-catch scenarios, unless the annual total catch is kept below 60,000–70,000 tons, there is less than a 90% probability of maintaining SSB above the first quartile, and less than 60% probability of reaching the median five years later (in the 2031 fishing year). Under constant-F scenarios, fishing pressure must be F50%SPR (correspond to about 70,000 tons catch in the 2026 fishing year) or lower to achieve the median SSB with a probability exceeding 50% after five years. Considering the projection results that the stock continues to decline under the current fishing pressure (16-17% SPR) as long as the body weight and maturity rate are kept at a current low level, it is necessary to substantially reduce fishing pressure in order to avoid further decline and facilitate stock recovery. We also argue that development of harvest control rule and target and limit reference points are urgently needed for the long-term sustainable management of this stock. 

Introduction
Chub mackerel in the Northwestern Pacific Ocean has historically been fished by China, Japan, and Russia, and is an important fishery resource for these Members. Before 2010, this species was mainly caught within Japan's EEZ, but since the early 2010s, catches within the NPFC Convention Area have increased. The priority for stock assessment and management in the NPFC places it as the second most important fish species after Pacific saury. The TWG CMSA has carried out the task of assessing this stock. The first stock assessment was carried out in the TWG CMSA09 meeting last year using an age-structured state-space stock assessment model called State-space Assessment Model (SAM, Nielsen and Berg 2014).
This document provides useful information for future management of this stock by presenting the methods and results of biological reference points and future projections using the estimated population dynamics of this stock under candidate base case scenarios of SAM (NPFC-2025-TWG CMSA11-WP06). The management reference points of F%SPR, F0.1, FMSY, and SSBMSY were calculated. However, the estimated SSBMSY was highly sensitive to a variety of assumptions including input data, biological parameters, and stock-recruitment relationships and was unrealistically higher than the observed ranges of historical SSB (NPFC-2025-TWG CMSA11-WP07). We therefore calculated  percentiles of historical SSB (e.g. 1st, 2nd, 3rd quartiles) between FY1970-2023, which were robust to the variety of assumptions and input data. We propose using these quartiles as interim and empirical reference points for short- and long-term management objectives. In the future projections, simulations based on forward calculations of population dynamics with stochastic uncertainty in process errors were conducted under the assumption of constant catches or constant F. Constant-F scenarios were newly analyzed this year following a request from NPFC Commission (NPFC-2025-COM09-WP14). We computed the statistics of catch and SSB and probabilities that the stock exceeds the empirical and MSY-based reference points in any year until FY2036 (ten years after management implementation in FY2026) under constant-catch and constant-F scenarios. Output values from this analysis will be useful to make scientific advice for the international management of this stock.

Methods
Stock assessment scenarios and biological reference points 
This document used parameter estimates of candidate base case scenarios of SAM: S01-InitBase and S02-Index24_1 (NPFC-2025-TWG CMSA11-WP06). The only difference between these two scenarios is exclusion or inclusion of FY2024 abundance indices (Table 1) and the abundance estimates were fairly similar between the scenarios (Fig. 1). 
We calculated commonly used biological reference points such as F%SPR (30%, 40%, 50%, 60%, and 70%), F0.1, FMSY, and SSBMSY. The most recent three-year average of F at age (F2021-2023), estimated by the two candidate base cases, was defined as current F (FCUR) and its selectivity at age was used to calculate the biological reference points (Fig. 2). 
The chub mackerel stock is characterized by large annual fluctuations in weight-at-age and maturity-at-age. Spawners per recruit (SPR), expressed by the formula below, is an index that measures how much spawning biomass a single recruit produces: 
where , ,  and  are fishing mortality coefficient, natural mortality coefficient, maturity rate, and weight at age . SPR at F=0 (SPR0) represents the reproductive potential in the absence of fishing, but it has shown substantial interannual variability, and has declined to unprecedented levels since the strong 2013 year class (Fig. 3). For the calculation of biological reference points and future projections, the average weight-at-age and maturity-at-age for the recent eight years (FY2016–2023) was used (Fig. 4) because a change point analysis identified the ‘regime’ of spawners per recruit without fishing (SPR0) was separated before FY2016 and onward  and the last year stock assessment used the averages since FY2016 (NPFC-2024-SC09-WP20 (Rev. 1)). Furthermore, as in last year’s stock assessment, biological reference points were also calculated using biological parameters averaged over all years (Fig. 4). These two assumptions—the recent eight-year average (Recent8YRave) and the all-year average (AllYRave)—were also used in future projections (Table 1). We also calculated MSY reference points under the selectivity of FCUR with biological parameters averaged during each decade (y=1970-1979, 1980-1989, etc.…) to evaluate the effect of the changes in biological parameters on MSY reference points.    
   According to last year’s and this year’s stock assessments, MSY-based reference points are highly sensitive to various assumptions (NPFC-2024-TWG CMSA09-WP05, NPFC-2024-TWG CMSA11-WP07). When using the Beverton-Holt stock-recruitment relationship, they are estimated at levels exceeding historical maxima, which makes them rather distant targets given the current declining and low state of the stock. In addition to MSY-based reference points, we therefore calculated some percentiles (e.g. median and first and third quartiles) of historical SSB. These historical quantiles are proposed as robust, interim reference points in CMSA. 

Population dynamics in future projection
The population dynamics model for future projections is the same as that used in SAM. The calculation was conducted by the R package ‘frasyr’ (https://github.com/ichimomo/frasyr), which has been developed for the stock assessment of Japanese domestic fisheries resources. In particular, we used the functions for future projection and the calculation of biological reference points in frasyr. The general equations of the forward calculation of the population dynamics are 

where  and  are stock recruitment parameters estimated by SAM,  is the number of fish in year  and age  at th iteration,  is fishing mortality coefficient in year  and age  at th iteration,  where  is the variance of process error for age a estimated by SAM, and  is SSB defined as . The equations are generally applied from the end year of the stock assessment period with the initial conditions of  in Scenario S01-InitBase and  in S02-Index24_base, where  is the point estimates by SAM. Before management measures are implemented in 2026, we assumed that the fishing mortality in FY2024 and FY2025 would be the same as the 2023 fishing mortality estimated by SAM. If we were to assume the average fishing mortality for FY2021–2023 (FCUR) during this period, the projected catch in the FY2024 would exceed 200,000 tons, which is unrealistically high considering current fishing situation. The fishing mortality in FY2023 was lower than in FY2021–2022, and using F2023 results in projected catches for FY2024–2025 that are similar to FY2023 (170,000 –180,000 tons), so we adopted this assumption. The future biological parameters of  and  are given according to future-projection scenarios for  (Fig. 4).
Two types of future harvesting methods were considered: constant-catch scenarios and constant-F scenarios. In the constant-catch scenarios, a total catch (CC) was predetermined ranging from 0 to 200,000 tons (Table 1). Catch number at age  in year y and age a is calculated with the Baranov catch equation 

where  is equal to  with the same selectivity as Fcur and adjustment factor of  that is determined to satisfy the equation of . If we cannot find  to satisfy the equation because of too small number of fishes, we took the smaller of the two numbers,  or fishing mortality corresponding to 99% of total catches when . 
In the constant-F scenarios, we examined F ranging from F30%SPR to F70%SPR in 5% increments. In the Baranov equation above,  was set as , where x used the values obtained when calculating the biological reference points. The constant-catch and constant-F scenarios were initiated in FY2026, and population dynamics were projected through to 2036, ten years later. We also conducted a future scenario in which the stock is exploited with current F since FY2026 to inform the current fishing impact on the stock in the future. The stochastic simulations were conducted 3,000 times for each model and scenario. 

Results
Stock recruitment relationship and biological reference points
In the stock-recruitment relationship estimated by the two models, there was weak density dependence effect within the range of spawning stock biomass (SSB) and recruitment numbers observed in past, so the SSB0 and SSBMSY calculated based on this stock-recruitment relationship are extrapolated values that exceed the past recruitment and spawning stock biomass (Fig. 5). Furthermore, since the productivity of this stock, represented by SPR0y, has changed significantly over the years as seen in Fig. 3, the estimated values of SSB0 and SSBMSY (even under the single stock-recruitment relationship) varied greatly depending on which year's biological parameters were used. In particular, SSB0 using the biological parameters of the 2020s, when growth and maturation were heavily delayed, was equivalent to SSBMSY in other decades. Moreover, even between the two models, the MSY reference points differed greatly probably because the influence of a slight difference of estimated stock-recruitment relationships became larger by the extrapolation of estimating MSY (Fig. 5). Steepness (h) was higher for S02 scenario than for S01 scenario, suggesting a higher recruitment productivity for S02 (Table 2). 
	The current fishing mortality (FCUR = F2021-2023) was equivalent to 16-17%SPR and much higher than commonly used F reference points including FMSY = F67-68%SPR (Table 2). However, if using the all-year average of biological parameters, the ratios of F reference points to FCUR became lower, although FCUR still exceeded them but FMED. 
   The first, second (median), and third quartiles of SSB during FY1970-2023 were robust between the two scenarios, and 110,000 tons, 290,000 tons, and 720,000 tons, respectively (Table 2). The current status of SSB (130-140 thousand tons in FY2023) was lower than a half of the median SSB and slightly higher than the first quartile, while the third quartile of SSB is a level which SSB in FY2017-2018 exceeded (Fig. 6). 

Future projections
Since the use of biological parameters for the last eight years (Recent8YRave) is more realistic for the near future setting than the use of all-year averages (AllYRave), the results for the future scenario Recent8YRave are presented in the main text. The results of the future scenarios AllYRave are shown in the Appendix.
   If current fishing pressure continues, the exploitation rate (catch/stock biomass) will remain around 20%, and spawning biomass will continue to decline (Fig. 7). Under constant-catch scenario of 100,000 tons, the exploitation rate becomes higher when stock biomass is low and lower when stock biomass is high, resulting in wider prediction intervals for SSB then those under the current-F scenario. For example, maintaining catches at 100,000 tons would lead to a gradual increase in the median SSB, but there is also a possibility that the stock could collapse, and catches become unsustainable within ten years. This result is worse than last year’s base-case assessment (NPFC-2024-SC09-WP20 (Rev. 1)), likely reflecting a decrease in estimated stock biomass in this year’s update. When using S01-InitBase, even a catch of 60,000 tons results in a decrease in the 5th percentile of SSB (Fig. 8). Under S02-Index24_1, catches below 60,000 tons maintain the 5th percentile of SSB at about the current level, likely because steepness of the stock-recruitment relationship was estimated slightly higher in this scenario (Table 2). 
We output the predicted median catch and SSB in each year, along with the probabilities of exceeding SSBMSY and the three quartiles, under varying levels of constant catch (Tables 3-6). For example, the catch amount needs to be lower than 80 to 90 thousand tons (depending on the base-case scenario) to achieve a probability higher than 50% that SSB will exceed historical median in FY2031 (five years after management implementation in FY2026). Furthermore, the catch amount needs to be lower than 60 to 70 thousand tons to achieve a probability higher than 50% that SSB will exceed its third quartile in FY2036 (ten years after management implementation) and to achieve a probability higher than 90% that SSB will exceed its first quartile thorough FY2036. On the other hand, even with no fishing, the probability of reaching SSBMSY by 2036 was 37% in S01-InitBase and 52% in S02-Index24_1. 
   Examining the relationship between the FY2026 catch and the realized F (median), catches below 50,000 tons corresponded to F < FMSY, and catches below 100,000 tons corresponded to F < F50%SPR (Fig. 9). Compared to S01-InitBase, the uncertainty in the projected F in S02-Index24_1 was smaller. This is because stock biomass up to FY2024 was estimated in S02, reducing the influence of process error.
   Under constant-F scenarios, the prediction intervals for SSB are narrower compared to constant-catch scenarios, because the exploitation rate remains roughly constant. Under F40%SPR, for example, the exploitation rate is around 10%, and the median projected SSB and catch gradually increase, while the 5th percentile remains at about the current level (Fig. 10). If fishing mortality is set lower than F35%, the median SSB is projected to increase; however, under F30%, it is projected to be maintained only slightly above the current level (Table 7, Fig. 11).
Looking at probabilities with SSB over the historical quartiles, F50%SPR (corresponding to a catch of 69–71 thousand tons in FY2026) represent the upper fishing mortality levels needed to achieve a probability higher than 50% that SSB will exceed its median in FY2031 (Tables 7-10). F65%SPR (corresponding to a catch of 41–42 thousand tons in FY2026) or lower F is needed to achieve a probability higher than 50% that SSB will exceed its third quartile in FY2036. Even with F70%SPR, the probability of reaching SSBMSY by 2036 was 14% in S01-InitBase and 23% in S02-Index24_1. 
Assuming that weight-at-age and maturity-at-age are at their all-year averages, the future projection patterns differ greatly from those based on the recent eight-year averages (Appendix). Even under FCUR, the stock recovers, and in all fishing scenarios examined, SSB recovers at a rapid pace (Tables A1-2 and A5-6, Figs. A1-2). Under the constant catch scenario of 100,000 tons, the probability of exceeding SSBMSY by FY2032 exceeds 50% (Tables A3-4). Under F55%SPR in S01 and F50%SPR in S02, the probability of exceeding SSBMSY by FY2036 also exceeds 50% (Tables A7-8). These results suggest that achieving MSY-based reference points would be a realistic goal if growth and maturity rates recover, while also indicating that the current slow growth and delayed maturity are hindering stock recovery.
   
Discussion
Importance of the assumption of biological parameters
The historical changes of SPR0y (Fig. 3) revealed that the recent slowing growth caused a serious depletion of spawning potential and a decrease of SSBMSY and SSB0 (Fig. 4) in this stock. The observed historical changes of biological parameters such as weight and maturity have been considered as the response to the changes of stock abundance (i.e. density-dependent changes) (Watanabe and Yatsu (2006) for maturity, Watanabe and Yatsu, (2004) and Kamimura et al (2021) for growth parameters). However, the recent decline in SPR0 cannot be explained only by the density-dependent effect because it has been kept at low levels despite the recent decline of the stock. It is therefore difficult to predict the future based on the relationships observed in the past. This indicates that there is great uncertainty about future biological parameters, and by extension, about reference points and future predictions in this stock. Further research on the biological parameters especially for maturity at age, real-time monitoring of biological parameters, and precautionary management advice robust to such uncertainty are needed. 
	Biological parameters are usually assumed to be constant over time in most stock assessments, but there are a few cases of such drastic changes in biological parameters as observed in this stock assessment. As far as is currently known, Brooks (2014) and Miller and Brooks (2020) demonstrate how time-varying biological parameters result in the changes of steepness parameters and management reference point and recommend retaining the traditional parameterization of the stock recruit functions in terms of  and  to avoid model misspecification that can result from the steepness parameterization. Our stock assessment model of SAM uses the appropriate parameterization, but caution should be need when applying models that uses the steepness parameter to this stock. Regarding the issue of management reference points, the typical approach for calculating SPR reference points is to use a recent 3–5 year average of the biological parameters (thought to characterize “prevailing environmental conditions”) and fishery selectivity (Miller and Brooks, 2020). Otherwise, there are some studies modeling density-dependent effects on growth and maturity for Atlantic cod (Miller et al 2019, ICES 2016). 

Uncertainty of MSY-based reference points
SSBMSY and SSB0 are still estimated beyond the ranges of historically observed SSB and recruitment, highly sensitive to input data and model settings, and time-varying depending on fluctuating biological parameters. Due to such difficulties, we do not recommend explicitly using SSBMSY, SSB0, and related reference points as target biomass-based reference points at this moment.
In this document, we suggest using the first quartile, median, and third quartile of SSB as empirical and provisional reference points, because these reference points are found to be robust to the model settings and input data (NPFC-2025-TWG CMSA11-WP07). In addition, in order to present uncertainties of MSY reference points to the empirical reference points, we can show potential ranges of these empirical reference points relative to SSBMSY: the first, second (median), and third quartiles of SSB correspond to 3-7%, 7-19% and 16-46% of SSBMSY according to Table 2. The ranges could be expanded when considering the scenario with alternative stock-recruitment relationship of SHS (Table 4, 5 in NPFC-2025-TWG CMSA11-WP07) to 3-11%, 7-31% and 16-77%. Although the exact value of SSBMSY is highly uncertain, it could be possible to provide guidance on how these empirical management reference points could be used (i.e., as target or limit reference points) by presenting such plausible range derived from currently available estimation results.

Importance of development of harvest control rule
Unpredictability in the chub mackerel stock is substantial. In addition to the uncertainties in the biological parameters mentioned above, process errors estimated by SAM indicate a tendency for age-1 and older fish to decline after recruitment. This suggests that fish are being lost between recruitment and becoming spawners due to unknown factors. In the current projections, we assumed that process errors would vary symmetrically around zero, both positive and negative. However, recent negative process errors estimated in SAM could continue, making these projections in the near future potentially optimistic. It will be important to adopt a robust and precautionary approach that takes such uncertainties into account.
The development and introduction of harvest control rules (HCRs) that can respond quickly to rapidly changing stock status is needed. The important uncertainties to be considered in developing HCRs are listed as 1) temporal variability in biological parameters as discussed above, 2) uncertainties and biases in parameter estimates by SAM although they are not considered in this document, 3) uncertainties in stock-recruitment relationship, and 4) uncertainties in process errors for not only recruitment but also for age-1 and older fish. 
Because development of HCR by management strategy evaluation (MSE) with considering such important uncertainties takes a long time, we can only evaluate provisional management measures based on the results of short- or mid-term future predictions under simple harvesting scenarios such as constant catch and F. While the stock is currently declining, in order to avoid further decline and promote recovery, it is necessary to agree, even on a provisional basis, on target and/or limit reference points such as the historical SSB quartiles presented here, and on management objectives based on those references as soon as possible.

Summary of status
Trends of stock abundance and fishing mortality
Compared to last year’s stock assessment results, recent estimates of SSB were revised downward, highlighting a more pronounced declining trend since FY2019. This downward revision was caused by consistently low stock abundance indices in FY2023. Since the stock abundance indices in FY2024 are also consistently to be similar or slightly lower to the values of FY2023, further decline of SSB in FY2024 are estimated by the scenario including 2024 indices. Current fishing pressure (F2021-2023) corresponds to 15–16% of SPR. 

Stock abundance level relative to biomass-based reference point
SSBMSY and SSB0 are found to be still unrealistic beyond the ranges of historically observed SSB and recruitment, highly sensitive to input data and model settings, and time-varying depending on fluctuating biological parameters. Due to such difficulties, we do not recommend explicitly using SSBMSY, SSB0, and related reference points as target biomass-based reference points at this moment. On the other hand, we propose using empirical reference points such as percentiles of historical SSB as interim management target. The first quartile (3–11% of potential SBMSY) can be used as a limit reference point below which the future SSB fall, the median (7–31%) as a provisional short-term target (~5 years), and the third quartile (16–77%) as a possible medium-term target (~10 years). 

Current fishing mortality relative to F-based reference points
The current fishing mortality (FY2021-2023 = F15-16%SPR) is 6 times higher than FMSY (corresponding to F67-68%SPR). Although the estimate of FMSY remains uncertain due to the difficulties described above, it would be certain that the current fishing mortality substantially exceeds the level of FMSY. 

Future projection
Future SSB is highly dependent on the assumption of future biological parameters. If weight-at-age and maturity-at-age were to recover to their historical average levels, the stock would be expected to recover even under the current fishing mortality. However, such a scenario is considered unrealistic at this point, and it is more plausible to assume that the current low levels of weight and maturity will persist.
Under the constant-catch scenarios, the median SSB gradually increases if the annual catch is kept below 110,000 tons, but to ensure an increase in SSB with more than 95% probability, the catch must be limited to below 40,000 tons.
Under the constant-F scenarios, the median SSB gradually increases if fishing mortality is kept at or below F35%SPR, but to ensure an increase in SSB with more than 95% probability, fishing pressure must be kept at or below F50%SPR.

Recommendation
As for the short-term recommendation (1-2 years), considering the fact that SSB is far lower than potential SSBMSY, fishing mortality is far higher than potential FMSY, and recent spawning potential is the historically lowest, it is required to reduce current fishing mortality at a certain level to avoid further decrease and facilitate stock recovery in SSB even under such the lowest spawning potential. The first quartile of historical SSB (3–11% of potential ranges of SSBMSY) may be used as an empirical-based limit reference point. Under constant-catch scenarios, unless the total catch in each year is kept below 60,000 or 70,000 tons, there is less than a 90% probability of maintaining SSB above the first quartile. 
On the other hand, the median and third quartile of SSB may be used as mid- and long-term empirical-based target reference points, which corresponds to 7–31% and 16–77% of potential SSBMSY, respectively. For example, to achieve over 50% probability of exceeding the median SSB in five years, 90,000 tons or lower must be chosen under a constant-catch scenario, while F50% or lower (corresponding to about 69–71 thousand tons of catch in FY2026) must be satisfied under a constant-F scenario. Furthermore, to achieve over 50% probability of exceeding the third quartile in ten years, the total catch should be lower than 60,000 or 70,000 tons under a constant-catch scenario and F should be lower than F65%SPR under a constant-F scenario (corresponding to a catch of 41–42 thousand tons in FY2026). We recommend using this kind of historical SSB quantiles as interim and empirical biological reference points for this stock.
A critically important recommendation that should be carried out in 2-3 years is to develop a harvest control rule specific to this stock via an MSE process. This HCR should be dynamic and able to adjust annual total catches depending on the stock abundance as well as the target and limit reference points. During the process of the development of MSE, uncertainties in parameter estimates, time-varying nature of biological parameters, stock-recruitment assumptions, and process errors should be considered. 
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Table 1.  Candidates of settings for future projection and reference points 
	Model settings
	S01-InitBase (S01): Initial base case with no FY2024 abundance indices
S02-Index24_1: Another candidate base case with FY2024 abundance indices

	Biological parameters (weight and maturity)
	Recent8YRave: Average during FY2016-2023 
AllYRave: rAverage during FY1970-2023 

	Constant-catch scenarios
	Catch a fixed amount (ranging from 0 to 200,000 tons in increments of 10,000 tons) each year since FY2026. 

	Constant-F scenarios
	Catch by fixed fishing pressure (ranging from F30%SPR to F70%SPR in increments of 5%SPR) each year since FY2026.





Table 2.  All performance measure statistics calculated in the two candidates base-case scenarios with two different assumptions of biological parameters: average during FY2016-2023 and FY1970-2023 (same table as NPFC-2025-TWG CMSA11-WP07, but results of the 2 scenarios are picked up).
	Scenario
	S01-InitBase
	S02-Index24_1

	Biological parameter
	Ave2016-2023
	Ave1970-2023
	Ave2016-2023
	Ave1970-2023

	TBy2023
	1,433
	1,433
	1,375
	1,375

	SBy2023
	141
	141
	132
	132

	Ry2019
	5,158
	5,158
	5,079
	5,079

	Ry2020
	8,038
	8,038
	7,877
	7,877

	Ry2021
	8,722
	8,722
	8,680
	8,680

	Ry2022
	7,259
	7,259
	7,008
	7,008

	Ry2023
	3,139
	3,139
	3,400
	3,400

	AFy2019
	0.359
	0.359
	0.361
	0.361

	AFy2020
	0.488
	0.488
	0.495
	0.495

	AFy2021
	0.570
	0.570
	0.584
	0.584

	AFy2022
	0.483
	0.483
	0.513
	0.513

	AFy2023
	0.325
	0.325
	0.355
	0.355

	Ey2019
	0.144
	0.144
	0.145
	0.145

	Ey2020
	0.195
	0.195
	0.198
	0.198

	Ey2021
	0.199
	0.199
	0.202
	0.202

	Ey2022
	0.152
	0.152
	0.160
	0.160

	Ey2023
	0.122
	0.122
	0.129
	0.129

	currentSPR/SPR0
	0.174
	0.291
	0.162
	0.278

	SSBmedian
	289
	289
	289
	289

	deple_median_last3
	0.912
	0.912
	0.892
	0.892

	SSB_Q1
	107
	107
	107
	107

	deple_Q1_last3
	2.463
	2.463
	2.404
	2.404

	SSB_Q3
	721
	721
	724
	724

	deple_Q3_last3
	0.365
	0.365
	0.356
	0.356

	Fmed/Fcur
	0.312
	1.091
	0.310
	1.067

	F0.1/Fcur
	0.902
	0.902
	0.838
	0.838

	FpSPR.30.SPR/Fcur
	0.613
	0.964
	0.580
	0.911

	FpSPR.40.SPR/Fcur
	0.435
	0.644
	0.412
	0.609

	FpSPR.50.SPR/Fcur
	0.311
	0.440
	0.295
	0.416

	FpSPR.60.SPR/Fcur
	0.219
	0.299
	0.207
	0.282

	FpSPR.70.SPR/Fcur
	0.147
	0.194
	0.139
	0.184

	Fmsy/Fcur
	0.160
	0.422
	0.161
	0.415

	Bmsy
	6,551
	11,882
	5,417
	9,597

	SBmsy
	1,915
	4,158
	1,561
	3,317

	h
	0.354
	0.501
	0.364
	0.512

	SB0
	4,680
	11,892
	3,863
	9,613

	SBmsy/SB0
	0.409
	0.350
	0.404
	0.345

	FmsySPR
	0.679
	0.511
	0.665
	0.501

	B/Bmsy
	0.219
	0.121
	0.254
	0.143

	SB/SBmsy
	0.074
	0.034
	0.084
	0.040

	SBmsy/SBmax
	1.373
	2.982
	1.116
	2.371


 


Table 3.  Medians of catch and SSB under different constant-catch levels in S01-InitBase.[image: ]



Table 4.  Same as Table 3 except that the scenario is S02-Index24_1.
[image: テーブル, Excel
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Table 5.  Probabilities (%) that SSB is over SSBMSY, the third quartile (Q3), the median, and the first quartile (Q1) under different levels of constant catch in S01-InitBase. 
[image: ]

Table 6.  Same as Table 5 except that the scenario is S02-Index24_1. 
[image: ]



Table 7.  Medians of catch and SSB under different constant-F levels in S01-InitBase.
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Table 8.  Same as Table 7 except that the scenario is S02-Index24_1.
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Table 9.  Probabilities (%) that SSB is over SSBMSY, the third quartile (Q3), the median, and the first quartile (Q1) under different levels of constant F in S01-InitBase. 
[image: カレンダー

AI 生成コンテンツは誤りを含む可能性があります。]


Table 10.  Same as Table 9 except that the scenario is S02-Index24_1. 
[image: ]
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Fig. 1.  Trajectories of stock biomass, spawning stock, catch, mean F, and exploitation rates (U, catch/biomass) between the candidate base case scenarios. This figure is extracted from NPFC-2025-TWG CMSA11-WP06.

[image: グラフ, 折れ線グラフ

AI 生成コンテンツは誤りを含む可能性があります。]
Fig. 2.  Fishing mortality coefficient by age assumed as current fishing mortality (Fcur, black solid lines) in calculating reference points. Estimated fishing mortality coefficients by age and year since 2010 are concurrently shown to be compared. 

[image: グラフ, 折れ線グラフ

AI 生成コンテンツは誤りを含む可能性があります。]
Fig. 3.  Spawners per recruit without fishing (SPR0, g) varying with biological parameters of weight and maturity rate at age. SPR0 is annually calculated based on the biological parameters in each year. The horizontal line in each decade represents the average value during the decade. 

[image: ]
Fig. 4. Current fishing mortality (FCUR), natural mortality (M), maturity (maa), weight (waa) at age used for future projections with different SAM scenarios (S01 and S02) and biological parameters (average during FY2016-2023 and during FY1970-2023). 
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Fig. 5.  Estimated stock-recruitment relationship (gray lines) and estimated past SSB and a number of recruits (black circles) overplotted with estimated SSB0 (equilibrium unexploited spawning biomass, blue symbols) and SSBMSY (red symbols). The reference points are calculated using biological parameters averaged during the decades. 
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Fig. 6.  Historical trajectories of SSB and its median and the first (Q1) and third (SSB) quartiles under the candidate base case scenarios. 

(a) S01-InitBase under the constant catch of 100,000 tons
 [image: ]

(b) S02-Index_1 under the constant catch of 100,000 tons
[image: ]
Fig. 7.  Examples of stochastic future projection under the constant catch of 100,000 tons (blue) and current F (red) in S01-InitBase (a) and S02-Index24_1 (b). The shaded areas represent 90% prediction intervals, black solid lines are estimates by SAM, and colored solid lines are the median. 
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Fig. 8.  Comparison of future trajectories in different levels of constant catch (“Catch100” means 100,000 tons of constant catch) for median catch (first column, catch.median), median SSB (second column, ssb.median), the 5th percentile of SSB (third column, ssb.ci05), and the 95th percentile of SSB (fourth column, ssb.ci95) under Scenarios S01-InitBase (top) and S02-Index24_1 (bottom).
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Fig. 9. Relative fishing mortality rates in 2026 to FCUR under different constant-catch scenarios. The colored horizontal lines represent relative values of biological reference points to Fcur shown by Table 2. 

(a) S01-InitBase under the constant F40%SPR 
[image: ]

(b) S02-Index_1 under the constant F40%SPR
[image: ] 
Fig. 10. Examples of stochastic future projection under the constant F40%SPR (blue) and current F (red) in S01-InitBase (a) and S02-Index24_1 (b). The shaded areas represent 90% prediction intervals, black solid lines are estimates by SAM, and colored solid lines are the median. 
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Fig. 11. Comparison of future trajectories in different levels of constant F (30-70%SPR) for median catch (first column, catch.median), median SSB (second column, ssb.median), the 5th percentile of SSB (third column, ssb.ci05), and the 95th percentile of SSB (fourth column, ssb.ci95) under Scenarios S01-InitBase (top) and S02-Index24_1 (bottom).




Appendix: Results of future projections with biological parameters of all-year averages

Table A1.  Medians of catch and SSB under different constant-catch levels in S01-InitBase.[image: ]



Table A2.  Same as Table A1 except that the scenario is S02-Index24_1.
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Table A3.  Probabilities (%) that SSB is over SSBMSY, the third quartile (Q3), the median, and the first quartile (Q1) under different levels of constant catch in S01-InitBase. 
[image: ]


Table A4.  Same as Table A3 except that the scenario is S02-Index24_1. 
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Table A5.  Medians of catch and SSB under different constant-F levels in S01-InitBase.
[image: ]


Table A6.  Same as Table 7A5 except that the scenario is S02-Index24_1.
[image: ]


Table A7.  Probabilities (%) that SSB is over SSBMSY, the third quartile (Q3), the median, and the first quartile (Q1) under different levels of constant F in S01-InitBase. 
[image: ]

Table A8. Same as Table A7 except that the scenario is S02-Index24_1. 
[image: グラフ, カレンダー

AI 生成コンテンツは誤りを含む可能性があります。]
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Fig. A1.  Comparison of future trajectories in different levels of constant catch (“Catch100” means 100,000 tons of constant catch) for median catch (first column, catch.median), median SSB (second column, ssb.median), the 5th percentile of SSB (third column, ssb.ci05), and the 95th percentile of SSB (fourth column, ssb.ci95) under Scenarios S01-InitBase (top) and S02-Index24_1 (bottom).

[image: ]
Fig. A2.  Comparison of future trajectories in different levels of constant F (30-70%SPR) for median catch (first column, catch.median), median SSB (second column, ssb.median), the 5th percentile of SSB (third column, ssb.ci05), and the 95th percentile of SSB (fourth column, ssb.ci95) under Scenarios S01-InitBase (top) and S02-Index24_1 (bottom).
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Feurrent 4 [ 0 100 98 93 90 90 90 91 91 91 92 92 92
Catch200 4 0 0 100 98 96 95 96 96 96 96 97 97 97 97
Gatch190 4 0 0 100 98 9 95 9 o7 97 97 97 o7 98 98
Catch1804 0 0 100 98 97 96 97 97 97 98 98 98 98 98
Catch1704 0 0 100 98 97 96 97 98 98 98 98 99 99 99
Gatch160 - 0 0 100 98 98 o7 98 98 99 99 99 99 99 99
Caich1504 0 0 100 98 98 97 98 98 99 99 99 99 100 100
Caich14Q [} 0 100 98 98 98 98 99 99 99 100 100 100 100
Gatch1304 [ 0 100 98 98 98 99 99 100 100 100 100 100 100
Gatch120 4 0 0 100 98 98 98 99 99 100 100 100 100 100 100
Catch1104 0 0 100 98 99 99 99 100 100 100 100 100 100 100
Catch100 4 0 0 100 98 99 99 99 100 100 100 100 100 100 100
Gatch090 - 0 0 100 98 99 99 99 100 100 100 100 100 100 100
Catch080 1 0 0 100 98 99 ] 100 100 100 100 100 100 100 100
Gatch070 - 0 0 100 98 99 100 100 100 100 100 100 100 100 100
Gatch060 - 0 0 100 98 100 100 100 100 100 100 100 100 100 100
Catch050 1 0 0 100 98 100 100 100 100 100 100 100 100 100 100
Catch0404 [} 0 100 98 100 100 100 100 100 100 100 100 100 100
Gatch030 - 0 0 100 98 100 100 100 100 100 100 100 {00 100 100
Gatch020 4 0 0 100 98 100 100 100 100 100 100 100 100 100 100
Catch0104 0 0 100 98 100 100 100 100 100 100 100 100 100 100

[ 0 100 98 100 100 100 100 100 100 100 100 100 100
2022 2026 2030 2034
Year
Pr(SSB>Q1)

Fcurrent 5 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Caich200 4 100 100 100 100 100 100 99 99 98 98 98 98 98 98
Gatch190 100 100 100 100 100 100 99 99 99 99 98 98 98 98
Caich1804 100 100 100 100 100 100 99 99 99 99 99 99 99 99
Catch170 4 100 100 100 100 100 100 100 100 100 99 99 99 99 99
Catch160 4 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Caich1504 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Caich1404 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Gatch1304 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Gatch120 - 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Catch1104 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Catch1004 100 100 100 100 100 100 100 100 100 100 100 100 100 100

09 100 100 100 100 100 100 100 100 100 100 100 100 100 100
08 100 100 100 100 100 100 100 100 100 100 100 100 100 100
100 100 100 100 100 100 100 100 100 100 100 100 100 100
100 100 100 100 100 100 100 100 100 100 100 100 100 100
100 100 100 100 100 100 100 100 100 100 100 100 100 100
100 100 100 100 100 100 100 100 100 100 100 100 100 100
100 100 100 100 100 {00 100 100 100 100 100 100 100 100
100 100 100 100 100 100 100 100 100 100 100 100 100 100
100 100 100 100 100 100 100 100 100 100 100 100 100 100
100 100 100 100 100 100 100 100 100 100 100 100 100 100
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HCR_name

HCR_name

Median Catch

Feurrent4 175 269 297 446 488 523 571 618 667 712 760 816 881 911
F70pSPR 4 175 269 297 100 142 189 249 325 409 505 611 723 833 952
F65pSPR 175 269 297 124 173 226 295 381 473 577 694 821 937 1067
F60pSPR 175 269 297 151 206 266 341 434 534 644 768 903 1029 1161
F55pSPR 4 175 269 297 182 242 308 387 484 588 701 831 964 1101 1229
F50pSPR 4 175 269 297 217 282 350 434 531 638 749 874 1009 1145 1264
F45pSPR 175 269 297 258 324 394 477 571 673 780 898 1025 1152 1260
F40pSPR 4 175 269 297 306 372 438 515 601 695 786 893 1005 1120 1206
F35pSPR 175 269 297 363 422 479 547 621 697 772 855 948 1039 1104
F30pSPR 175 269 297 433 478 517 569 623 673 723 777 839 910 944

20‘22 20‘26 20‘30 20‘34
Year
Median SSB

Fcurrent 4 141 514 552 601 658 715 783 842 910 971 1053 1132 1227 1281
F70pSPR 4 141 514 552 601 903 1239 1622 2102 2723 3447 4246 5127 6020 6831
F65pSPR 4 141 514 552 601 884 1195 1547 1972 2536 3174 3876 4655 5417 6171
F60pSPR 141 514 552 601 864 1145 1465 1843 2339 2884 3494 4179 4808 5473
F55pSPR 4 141 514 552 601 841 1096 1378 1704 2131 2593 3110 3666 4218 4781
F50pSPR 4 141 514 552 601 817 1039 1279 1556 1906 2296 2710 3160 3612 4056
F45pSPR 4 141 514 552 601 788 975 1179 1398 1684 1980 2305 2650 3000 3344
F40pSPR 141 514 552 601 754 904 1060 1229 1446 1656 1904 2159 2407 2654
F35pSPR 4 141 514 552 601 715 824 939 1052 1200 1334 1502 1667 1840 1987
F30pSPR 4 141 514 552 601 668 732 807 873 952 1021 1117 1208 1311 1376
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HCR_name

HCR_name

Median Catch

Feurrent4 177 176 273 367 401 440 470 510 551 591 626 666 716 761
F70pSPR 4 177 176 273 79 113 153 201 264 339 418 508 604 701 795
F65pSPR 177 176 273 98 138 184 238 308 392 481 578 686 792 893
F60pSPR 177 176 273 19 164 216 276 353 443 538 641 756 866 978
F55pSPR 4 177 176 273 143 193 250 313 395 489 589 694 812 925 1041
F50pSPR 4 177 176 273 171 225 285 351 435 530 628 732 849 960 1078
F45pSPR 177 176 273 203 260 320 387 469 562 656 755 864 971 1083
F40pSPR 4 177 176 273 241 297 357 419 497 582 664 751 851 949 1049
F35pSPR 177 176 273 286 338 392 446 515 584 655 724 799 884 968
F30pSPR 177 176 273 340 381 427 465 516 566 618 663 717 776 837

20‘22 20‘26 20‘30 20‘34
Year
Median SSB

Fcurrent 4 132 112 494 481 496 561 604 653 703 754 811 872 939 998
F70pSPR 4 132 112 494 481 707 979 1318 1730 2229 2851 3505 4247 5026 5743
F65pSPR 4 132 112 494 481 692 950 1254 1625 2066 2625 3210 3857 4549 5155
F60pSPR 132 12 494 481 676 911 1189 1520 1907 2392 2908 3452 4052 4575
F55pSPR 4 132 112 494 481 659 870 1116 1406 1739 2150 2589 3048 3552 3989
F50pSPR 4 132 112 494 481 638 827 1040 1285 1559 1903 2255 2639 3031 3422
F45pSPR 4 132 112 494 481 614 783 954 1159 1372 1648 1927 2223 2539 2843
F40pSPR 132 112 494 481 587 726 861 1022 1184 1386 1592 1811 2040 2260
F35pSPR 4 132 112 494 481 554 663 762 875 988 1125 1261 1412 1566 1714
F30pSPR 4 132 112 494 481 515 593 655 719 788 864 943 1030 1117 1196
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HCR_name

HCR_name

HCR_name

HCR_name

Pr(SSB>SSBmsy)

Fcurrent 4
F70pSPR 4
FB5pSPR - 46 57 66 74
F60pSPR A 50 59 67
F55pSPR 4 51 59
F50pSPR -

F45pSPR
F40pSPR -
F35pSPR
F30pSPR -
2022
Year
Pr(SSB>Q3)

Feurrent 4 43 50 55 59 62 65 69 71 73 75
F70pSPR A 68 84 93 97 99 99 100 100 100 100
FB5pSPR 67 83 91 9% 98 99 100 100 100 100
F60pSPR - 65 80 90 95 97 98 99 99 100 100
F55pSPR 63 77 87 92 9 o7 99 99 100 100
F50pSPR A 60 74 84 90 93 96 97 98 99 99
F45pSPR 57 70 80 86 90 93 95 o7 o7 98
F40pSPR A 54 65 73 81 85 89 91 93 94 95
F35pSPR 49 59 66 72 77 81 83 8 88 90
F30pSPR - 44 51 57 61 65 68 71 74 75 77

2022 2030 2034
Year
Pr(SSB>median)

Feurrent 4 100 100 98 96 95 95 95 9% 95 95 95 % %
F70pSPR - 100 100 98 99 100 100 100 100 100 100 100 100 100
F65pSPR 100 100 98 99 100 100 100 100 100 100 100 100 100
F60pSPR - 100 100 98 99 100 100 100 100 100 100 100 100 100
F55pSPR 100 100 98 99 100 100 100 100 100 100 100 100 100
F50pSPR - 100 100 98 99 99 100 100 100 100 100 100 100 100
F45pSPR 100 100 98 98 99 99 100 100 100 100 100 100 100
F40pSPR - 100 100 98 98 99 99 99 99 99 100 100 100 100
F35pSPR 100 100 98 97 98 98 98 98 98 99 99 99 99
F30pSPR - 100 100 98 96 96 95 95 95 96 96 97 96 96

2022 2026 2030 2034
Year
Pr(SSB>Q1)

Feurrent 4 100 100 100 100 100 100 100 100 100 100 100 100 100 100
F70pSPR 1 100 100 100 100 100 100 100 100 100 100 100 100 100 100
F65pSPR 4 100 100 100 100 100 100 100 100 100 100 100 100 100 100
F60pSPR 4 100 100 100 100 100 100 100 100 100 100 100 100 100 100
F55pSPR 100 100 100 100 100 100 100 100 100 100 100 100 100 100
F50pSPR 4 100 100 100 100 100 100 100 100 100 100 100 100 100 100
F45pSPR 4 100 100 100 100 100 100 100 100 100 100 100 100 100 100
F40pSPR - 100 100 100 100 100 100 100 100 100 100 100 100 100 100
F35pSPR 100 100 100 100 100 100 100 100 100 100 100 100 100 100
F30pSPRA 100 100 100 100 100 100 100 100 100 100 100 100 100 100
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Percent
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HCR_name

HCR_name

HCR_name

HCR_name

Pr(SSB>SSBmsy)

Fcurrent 4
F70pSPR 4
FB5pSPR - 48 60 70 76
F60pSPR A 53 62 69
F55pSPR 54 62
F50pSPR 1
F45pSPR 1
F40pSPR 1
F35pSPR
F30pSPR -

2022
Year
Pr(SSB>Q3)

Feurrent 4 33 40 45 49 53 56 59 62 65
F70pSPR A 76 89 95 98 99 99 100 100 100
FB5pSPR 45 73 86 93 o7 99 99 100 100 100
F60pSPR - 43 70 83 91 95 97 99 99 100 100
F55pSPR 40 66 79 89 93 9% 98 99 99 100
F50pSPR A 60 74 85 90 94 96 98 98 99
F45pSPR 56 69 79 85 90 93 95 o7 o7
F40pSPR A 50 62 72 79 84 88 90 92 94
F35pSPR 44 54 61 68 74 78 81 84 87
F30pSPR - 36 44 50 55 59 64 68 70 73

2022 2030 2034
Year
Pr(SSB>median)

Feurrent 4 100 98 93 90 90 90 91 91 91 92 92 92
F70pSPR - 100 98 100 100 100 100 100 100 100 100 100 100
F65pSPR 100 98 100 100 100 100 100 100 100 100 100 100
F60pSPR - 100 98 100 100 100 100 100 100 100 100 100 100
F55pSPR 100 98 99 99 100 100 100 100 100 100 100 100
F50pSPR - 100 98 99 99 99 100 100 100 100 100 100 100
F45pSPR 100 98 99 98 99 99 100 100 100 100 100 100
F40pSPR - 100 98 98 97 98 98 99 99 99 100 100 100
F35pSPR 100 98 97 96 97 97 97 98 98 98 99 99
F30pSPR - 100 98 94 92 93 94 94 94 94 95 95 96

2022 2026 2030 2034
Year
Pr(SSB>Q1)

Feurrent 4 100 100 100 100 100 100 100 100 100 100 100 100 100 100
F70pSPR 1 100 100 100 100 100 100 100 100 100 100 100 100 100 100
F65pSPR 4 100 100 100 100 100 100 100 100 100 100 100 100 100 100
F60pSPR 4 100 100 100 100 100 100 100 100 100 100 100 100 100 100
F55pSPR 100 100 100 100 100 100 100 100 100 100 100 100 100 100
F50pSPR 4 100 100 100 100 100 100 100 100 100 100 100 100 100 100
F45pSPR 4 100 100 100 100 100 100 100 100 100 100 100 100 100 100
F40pSPR - 100 100 100 100 100 100 100 100 100 100 100 100 100 100
F35pSPR 100 100 100 100 100 100 100 100 100 100 100 100 100 100
F30pSPRA 100 100 100 100 100 100 100 100 100 100 100 100 100 100
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Percent
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