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Summary
This working paper presents the update results of stock assessment for the North Pacific Ocean Pacific Saury stock using the Bayesian state-space production model. The assessment was conducted based on the model specification (2 base cases and 2 sensitivity cases) agreed in SSC PS15 meeting. Results showed that the estimated median B2024 and B2025 over the two base case scenarios were 567,100 (80%CI 354,000-1,066,000) and 678,600 (80%CI 444,900-1,174,000) metric tons, respectively. The median B2025/BMSY and F2024/FMSY over the two base case scenarios were 0.44 (80%CI 0.26-0.64) and 1.09 (80%CI 0.77-1.85), respectively. For the most recent three years average values, B2023-2025 was estimated below the BMSY (B2023-2025/BMSY=0.38, 80%CI 0.24-0.51), sand F2022-2024 was estimated to be above FMSY (F2022-2024/FMSY=1.02, 80%CI 0.77-1.63). Over the years, there have been decadal and interannual fluctuations in the biomass trend. Approximately after 2005, the biomass displayed a downward trajectory, albeit with interannual variation. The lowest biomass was recorded in 2020, but a recovery trend has been noted in from 2020 to 2025. Since 1999, the harvest rate has shown an upward trend, but it has rapidly declined since 2018. The probability of the 2024 stock status being in the red quadrant of Kobe plot (Prob[B2024<BMSY and F2024>FMSY]) was estimated to be 61%. The assessment results were considered unrealistic because they still failed to reflect the improving trend in the stock status of Pacific saury due to retrospective pattern and scaling issues. Conversely, the assessment suggested that the stock status was worsening, with B/BMSY remaining fixed and an increased probability of falling into the red zone of the Kobe plot over the years. This outcome contradicts multiple indicators and observations, including increasing trend of abundance indices since 2020 and the larger body sizes observed in the 2025 fishing season.








1 Introduction
	Pacific saury (Cololabis sarira) is one of the most commercially important fish species in the North Pacific Ocean. The regular update of stock assessment for Pacific saury in each year is conducted by the Small Scientific Committee on Pacific saury (SSC PS) established under the Scientific Committee of the North Pacific Fisheries Commission (NPFC). Currently, the benchmark stock assessment model for Pacific saury stock assessment is Bayesian state-space production model (BSSPM). The SSC PS agreed to conduct a stock assessment update using two base cases and two sensitivity cases based on updated input data. In the 15th SSC PS meeting, members decided to maintain the framework of the existing model specification.
In this report, we conducted an update of stock assessment for Pacific saury by using BSSPM, and summarized the estimates of key parameters and biological reference points as well as other assessment results for all case scenarios. 

2 Materials and methods
2.1 Input data 
The input data used in this assessment included (Figure 1):
1) The total catch from 1980 to 2024 were included.
2) The Japanese fishery-independent survey biomass estimates up to 2025 were included.
3) The fishery-dependent abundance indices, including Japanese early CPUE (1980-1993), Japanese late CPUE (1994-2024), Russian CPUE (1994-2024), Chinese Taipei CPUE (2001-2024), Korean CPUE (2001-2024), Chinese CPUE (2013-2024) and joint CPUE (1994-2024) were included.

2.2 Assessment methods
	The assessment used a Bayesian state-space production model. The population dynamics were modeled by the following equations:
 
 
 
 
Where  and  denote biomass and catch, respectively, in year t. Parameters r, K, M represent intrinsic population growth rate, carrying capacity, and production shape parameter respectively.  and  denote the ratio between biomass and carrying capacity and the process error, respectively, in year t.  has a mean of zero and variance . 
	The multiple indices were modeled by the following equations:  
 
 
Where  is the relative abundance of index i at year t.  is the catchability coefficient for index i at year t.  is the hyperdepletion parameter.  is the observation error with a mean of zero and variance .
	The four case scenarios were built based on SSC PS15 recommendation and used uniform prior distribution for catchability (q; besides the catchability of Japanese early CPUE), carrying capacity (K), intrinsic population growth rate (r), initial biomass as a proportion of carrying capacity (P1), and shape parameter (s) (Table 1-2). Inverse gamma prior distribution was used for the process (τ2) and observation (σ2) error variance (Table 2). Random walk approach was selected to estimate the time-varying catchability of Japanese early CPUE.

2.3 Model diagnostics
	The convergence of the posterior distributions of model parameters was examined with Gelman and Rubin's statistics (Gelman and Rubin, 1992). MSY-based biological reference points were estimated from the models. Mean error between predicted and observed indices was calculated to determine the model goodness of fit. Mean errors of each scenario were used to compare the performance of models. A lower mean error indicates a better fit. A retrospective analysis was conducted to verify whether any possible systematic inconsistencies exist among the model estimates of biomass and harvest rate based on increasing periods of data (Mohn, 1999). The data were removed from the year 2025 to 2020 in the retrospective analysis. A sensitivity analysis was conducted to understand whether the assessment results were robust to the inclusion of Japanese early CPUE (S1-S2).

3 Assessment results
	The posterior densities of model parameters from all case scenarios showed that the densities were smooth and unimodal (Appendix Figure 1-4). The estimated mean, median, and 80% CI of posterior estimates of reference points were summarized in Table 3 and Appendix Table 1-4. Mean, median, and 80% CI of the posterior estimates of model parameters from each scenario were summarized in Appendix Table 5-8. The time series of biomass and harvest rate, Bratio (B/BMSY), Fratio (F/FMSY), and B/K from each case scenarios were summarized in Figure 2-11. 

4 Diagnostics
All parameters from the base case and sensitivity case scenarios showed well convergence of posterior distributions with Gelman and Rubin’s statistic for all parameters equal to 1. The standardized residuals between predicted and observed indices from base case scenarios and sensitivity case scenarios showed similar patterns (Appendix Figure 5-8). Temporal patterns could be observed from Japanese late CPUE and Russian CPUE (Appendix Figure 5-8). The retrospective analysis suggested that all case scenarios had a large consistent pattern of bias in the estimates of exploitable biomass and harvest rate (Appendix Figure 9-12), which was also observed in assessments of past few years. The sensitivity analysis results showed that the inclusion of Japanese early CPUE will impact the scale of estimated biomass and harvest rate during the early period. However, the scale difference is small in the recent years and the stock status and depletion level is consistent over all case scenarios (Figure 2, 4, 6, 8, 10).

5 Time series of stock size and harvest rate
The time series plots of biomass and harvest rate across the two base cases revealed both decadal and interannual fluctuations. Prior to the 2010s, the estimated biomass exceeded one million metric tons. There was a notable increase in biomass during the 1980s, followed by a decline throughout the 1990s, and subsequently, an increase in the 2000s. Approximately after 2005, the biomass displayed a downward trajectory, albeit with interannual variation. The lowest biomass was recorded in 2020, but a recovery trend has been noted in recent years. Meanwhile, the harvest rate demonstrated an upward trend since 1999 but has rapidly declined in recent years (Figures 3 and 5). The Kobe plots illustrated that the Bratio and Fratio for base case 1 and base case 2 in 2024 were situated in the red quadrant (Figure 12). The averaged Bratio (2023-2025) and Fratio (2022-2024) of the two base cases fell within the red quadrant of the Kobe plot (Figure 13). Figure 14 displays the Kobe plot with median Fratio and Bratio time series from 1980 to 2024 across two base cases. The probability of the stock being in the red quadrant of the Kobe plot in 2024 is 61%.

6 Retrospective pattern and scaling issue 
The SSC PS has encountered retrospective pattern and scaling issues in the Pacific saury stock assessment using BSSPM over the past years. Although the SSC PS has repeatedly recommended addressing this problem, an effective solution has yet to be identified. During the SSC PS 15 meeting this year, China revisited the technical issue, emphasizing that this technical issue is significant and hampers the NPFC’s ability to accurately understand the true stock status of Pacific saury, particularly given that the Commission adopted its interim harvest control rule (HCR) in 2024.
We summarized the estimates of the main elements of the current HCR (that is, biomass in the most recent year Bend, Bmsy, Fmsy, and B/Bmsy) derived from the BSSPM over the past five years, as shown in the table below. It is apparent that the estimated stock status has not shown any improving trend, because B/Bmsy remains fixed at around 0.44 for all three analyst Members. This result deviates from the fact that almost all signals and indicators, for example all abundance indices, have indicated a recovery of the Pacific saury stock in recent years. Feedback from fishery managers and fishermen further supports the view that the stock is recovering, particularly in the 2025 fishing season when the size of Pacific saury has been notably large.

	Year
	CHN
	JPN
	CT

	
	Bend
	Bmsy
	Fmsy
	B/Bmsy
	Bend
	Bmsy
	Fmsy
	B/Bmsy
	Bend
	Bmsy
	Fmsy
	B/Bmsy

	2021
	51.79
	119.60
	0.37
	0.43
	47.99
	114.41
	0.35
	0.41
	70.35
	127.70
	0.33
	0.55

	2022
	62.19
	118.80
	0.36
	0.49
	56.26
	104.43
	0.40
	0.53
	82.03
	186.40
	0.20
	0.44

	2023
	57.34
	136.90
	0.30
	0.41
	52.28
	118.58
	0.35
	0.44
	55.32
	130.15
	0.29
	0.42

	2024
	50.92
	113.80
	0.35
	0.43
	52.12
	119.00
	0.33
	0.43
	55.15
	125.10
	0.31
	0.44

	2025
	67.86
	150.70
	0.25
	0.44
	
	
	
	
	
	
	
	


[Source: SSC PS08, 10, 12, 14 meeting reports and this paper]

In addition, the Kobe plots from the BSSPM assessments over the recent years show an increasing probability that the stock is falling from yellow zone into the red zone. This outcome is inconsistent with real-world observations and with the simulation testing results that were originally used to select the HCR. If the current BSSPM model continues to be used as the basis for Pacific saury management, the NPFC will be unable to understand the true status of this important stock. This situation would also deprive stakeholders of their legitimate rights to utilize the resource and could cause significant negative social and economic impacts on the fishing industry. The unrealistic assessment results ultimately undermine and discourage current fishery management efforts and confidence. 
Given the reasons above, China would like to emphasize its principle of adhering to scientific rigor and the best available science. If the aggregated BSSPM results remain unable to produce a realistic stock status for Pacific saury, China will not be able to agree to endorsing the stock assessment based on BSSPM at the SSC PS16 meeting.
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Table 1. Definition of base cases and sensitivity cases (NPFC-2025-SSC PS15-Final Report Annex F).
	
	Base case (B1)
	Base case (B2)
	Sensitivity case (S1)
	Sensitivity case (S2)

	Initial year
	1980
	1980
	1980
	1980

	Biomass survey
	
(2003-2025)
	Same as left
	Same as left
	Same as left

	CPUE
	CHN(2013-2024)
JPN_late(1994-2024)
KOR(2001-2024)
RUS(1994-2021, 2023-2024)
CT(2001-2011, 2012-2024)
	Joint CPUE (1994-2024)

	CHN(2013-2024)
JPN_early(1980-1993, time-varying q)
JPN_late(1994-2024)
KOR(2001-2024)
RUS(1994-2021, 2023-2024)
CT(2001-2011, 2012-2024)
	JPN_early(1980-1993, time-varying q)
Joint CPUE (1994-2024)

	Hyper-
depletion/
stability
	A common parameter for all fisheries with a prior distribution, b~U(0, 1)
	b~U(0, 1)
	A common parameter for all fisheries but JPN_early, with a prior distribution, b~U(0, 1) [b for JPN_early is fixed at 1]
	b~U(0, 1) for joint CPUE. [b for JPN_early is fixed at 1]

	Prior for other than q_bio
	Own preferred options
	Own preferred options
	Own preferred options
	Own preferred options




















Table 2. Prior assumptions of some parameters .
	
	B1
	B2
	S1
	S2

	q_CPUE
	U(0,1) for qJPN_late, qCT_early and qCT_late; U(0,5) for qRUS, qKOR and qCHN
	U(0,1) for qJoint
	U(0,1) for qJPN_early, qJPN_late, qCT_early and qCT_late; U(0,5) for qRUS, qKOR and qCHN
	U(0,1) for qJPN_early and qJoint

	K
	U(63,1890)

	r
	U(0,3)

	P1
	U(0,1)

	s
	U(0,3)

	σ2
	1/σ2~Gamma(0.001, 0.001)

	τ2
	1/τ2~Gamma(0.001, 0.001)


[image: ][image: ]North Pacific Fisheries Commission


  2nd Floor Hakuyo Hall
Tokyo University of Marine Science and Technology
4-5-7 Konan, Minato-ku, Tokyo
108-8477 JAPAN
TEL	+81-3-5479-8717
FAX	+81-3-5479-8718
Email	secretariat@npfc.int
Web	www.npfc.int

3

Table 3. Summary of reference points over 2 base case scenarios.
	
	Mean
	Median
	Lower
	Upper

	C2024 (10,000 tons)
	15.56
	15.56
	15.56
	15.56

	AveC2022-2024
	12.47
	12.47
	12.47
	12.47

	AveF2022-2024
	0.27
	0.26
	0.13
	0.43

	F2024
	0.28
	0.27
	0.15
	0.44

	FMSY
	0.27
	0.25
	0.1
	0.47

	MSY (10,000 tons)
	39.29
	38.73
	30.7
	46.36

	F2024/FMSY
	1.28
	1.09
	0.77
	1.85

	AveF2022-2024/FMSY
	1.18
	1.02
	0.77
	1.63

	K (10,000 tons)
	439.04
	321.2
	165.3
	891.21

	B2024 (10,000 tons)
	66.11
	56.71
	35.4
	106.6

	B2025 (10,000 tons)
	76.88
	67.86
	44.49
	117.4

	AveB2023-2025
	66.54
	57.22
	36.61
	106.44

	BMSY (10,000 tons)
	198.86
	150.7
	90.5
	379.31

	BMSY/K
	0.48
	0.47
	0.39
	0.6

	B2024/K
	0.18
	0.18
	0.1
	0.26

	B2025/K
	0.22
	0.21
	0.11
	0.34

	B2023-2025/K
	0.18
	0.18
	0.1
	0.27

	B2024/BMSY
	0.37
	0.37
	0.24
	0.5

	B2025/BMSY
	0.45
	0.44
	0.26
	0.64

	B2023-2025/BMSY
	0.38
	0.38
	0.24
	0.51


















Appendix table 1. Summary of reference points from base case scenario 1.
	
	Mean
	Median
	Lower 10th
	Upper 10th

	C2024 (10,000 tons)
	15.56
	15.56
	15.56
	15.56

	AveC2022-2024
	12.47
	12.47
	12.47
	12.47

	AveF2022-2024
	0.33
	0.32
	0.20
	0.45

	F2024
	0.34
	0.33
	0.21
	0.46

	FMSY
	0.33
	0.32
	0.14
	0.48

	MSY (10,000 tons)
	41.75
	40.10
	33.80
	46.37

	F2024/FMSY
	1.12
	1.03
	0.69
	1.37

	AveF2022-2024/FMSY
	1.07
	0.99
	0.70
	1.27

	K (10,000 tons)
	330.67
	252.75
	120.60
	401.40

	B2024 (10,000 tons)
	49.56
	46.95
	28.83
	62.61

	B2025 (10,000 tons)
	61.14
	58.44
	37.75
	77.38

	AveB2023-2025
	50.46
	47.89
	29.54
	62.83

	BMSY (10,000 tons)
	150.75
	123.10
	71.77
	177.00

	BMSY/K
	0.49
	0.48
	0.38
	0.57

	B2024/K
	0.18
	0.19
	0.12
	0.27

	B2025/K
	0.23
	0.23
	0.12
	0.34

	B2023-2025/K
	0.19
	0.19
	0.11
	0.27

	B2024/BMSY
	0.37
	0.38
	0.27
	0.50

	B2025/BMSY
	0.47
	0.47
	0.30
	0.65

	B2023-2025/BMSY
	0.38
	0.39
	0.27
	0.51

















Appendix table 2. Summary of reference points from base case scenario 2.
	
	Mean
	Median
	Lower 10th
	Upper 10th

	C2024 (10,000 tons)
	15.56
	15.56
	15.56
	15.56

	AveC2022-2024
	12.47
	12.47
	12.47
	12.47

	AveF2022-2024
	0.21
	0.19
	0.08
	0.30

	F2024
	0.23
	0.21
	0.10
	0.32

	FMSY
	0.21
	0.18
	0.04
	0.32

	MSY (10,000 tons)
	36.84
	36.71
	28.42
	45.82

	F2024/FMSY
	1.43
	1.18
	0.64
	1.75

	AveF2022-2024/FMSY
	1.29
	1.08
	0.66
	1.55

	K (10,000 tons)
	547.41
	449.40
	126.20
	791.50

	B2024 (10,000 tons)
	82.65
	73.22
	33.98
	109.60

	B2025 (10,000 tons)
	92.61
	82.16
	40.95
	119.50

	AveB2023-2025
	82.62
	72.96
	34.53
	109.34

	BMSY (10,000 tons)
	246.97
	201.60
	75.28
	341.30

	BMSY/K
	0.48
	0.46
	0.37
	0.57

	B2024/K
	0.18
	0.17
	0.09
	0.25

	B2025/K
	0.21
	0.19
	0.09
	0.31

	B2023-2025/K
	0.18
	0.17
	0.09
	0.25

	B2024/BMSY
	0.37
	0.37
	0.23
	0.51

	B2025/BMSY
	0.43
	0.41
	0.22
	0.60

	B2023-2025/BMSY
	0.37
	0.37
	0.23
	0.51

















Appendix table 3. Summary of reference points from sensitivity case scenario 1.
	
	Mean
	Median
	Lower 10th
	Upper 10th

	C2024 (10,000 tons)
	15.56
	15.56
	15.56
	15.56

	AveC2022-2024
	12.47
	12.47
	12.47
	12.47

	AveF2022-2024
	0.34
	0.33
	0.22
	0.44

	F2024
	0.35
	0.34
	0.23
	0.45

	FMSY
	0.34
	0.32
	0.18
	0.47

	MSY (10,000 tons)
	42.31
	41.92
	36.06
	47.47

	F2024/FMSY
	1.08
	1.04
	0.71
	1.36

	AveF2022-2024/FMSY
	1.04
	1.00
	0.72
	1.30

	K (10,000 tons)
	299.78
	256.60
	120.10
	407.60

	B2024 (10,000 tons)
	47.85
	46.00
	31.83
	60.41

	B2025 (10,000 tons)
	58.86
	56.69
	39.66
	73.43

	AveB2023-2025
	48.60
	46.77
	32.80
	60.82

	BMSY (10,000 tons)
	140.67
	125.80
	71.11
	180.60

	BMSY/K
	0.49
	0.48
	0.38
	0.57

	B2024/K
	0.18
	0.18
	0.09
	0.25

	B2025/K
	0.23
	0.22
	0.10
	0.32

	B2023-2025/K
	0.19
	0.19
	0.09
	0.26

	B2024/BMSY
	0.37
	0.37
	0.23
	0.48

	B2025/BMSY
	0.46
	0.45
	0.25
	0.61

	B2023-2025/BMSY
	0.37
	0.37
	0.24
	0.50

















Appendix table 4. Summary of reference points from sensitivity case scenario 2.
	
	Mean
	Median
	Lower 10th
	Upper 10th

	C2024 (10,000 tons)
	15.56
	15.56
	15.56
	15.56

	AveC2022-2024
	12.47
	12.47
	12.47
	12.47

	AveF2022-2024
	0.27
	0.26
	0.12
	0.40

	F2024
	0.28
	0.27
	0.14
	0.40

	FMSY
	0.29
	0.28
	0.09
	0.44

	MSY (10,000 tons)
	41.28
	40.91
	33.11
	47.14

	F2024/FMSY
	1.04
	0.95
	0.60
	1.33

	AveF2022-2024/FMSY
	0.98
	0.91
	0.61
	1.21

	K (10,000 tons)
	372.63
	274.35
	122.40
	476.90

	B2024 (10,000 tons)
	73.39
	57.99
	30.11
	85.48

	B2025 (10,000 tons)
	87.25
	69.03
	37.71
	100.20

	AveB2023-2025
	74.16
	58.51
	31.38
	86.20

	BMSY (10,000 tons)
	180.62
	141.95
	72.75
	221.70

	BMSY/K
	0.51
	0.52
	0.43
	0.63

	B2024/K
	0.22
	0.21
	0.13
	0.30

	B2025/K
	0.26
	0.25
	0.12
	0.37

	B2023-2025/K
	0.22
	0.22
	0.12
	0.30

	B2024/BMSY
	0.42
	0.40
	0.27
	0.54

	B2025/BMSY
	0.51
	0.48
	0.29
	0.69

	B2023-2025/BMSY
	0.42
	0.41
	0.27
	0.56

















Appendix table 5. Summary of parameter estimates from base case scenario 1. 
	
	Mean
	Median
	Lower 10th
	Upper 10th

	r
	1.00
	0.81
	0.30
	1.41

	K
	330.67
	252.75
	120.60
	401.40

	qCHN
	1.02
	0.93
	0.34
	1.49

	qJPN2
	0.14
	0.13
	0.04
	0.20

	qKOR
	0.66
	0.59
	0.20
	0.99

	qRUS
	1.52
	1.36
	0.42
	2.20

	qCT_early
	0.12
	0.10
	0.03
	0.18

	qCT_late
	0.22
	0.20
	0.07
	0.32

	qBio
	0.65
	0.64
	0.42
	0.87

	Shape
	1.03
	0.80
	0.05
	1.85

	sigma_com
	0.08
	0.07
	0.02
	0.11

	sigma_Bio
	0.04
	0.03
	0.01
	0.05

	tau
	0.12
	0.10
	0.02
	0.18

	FMSY
	0.33
	0.32
	0.14
	0.48

	BMSY
	150.75
	123.10
	71.77
	177.00

	MSY
	41.75
	40.10
	33.80
	46.37

	b
	0.58
	0.57
	0.40
	0.72




















Appendix table 6. Summary of parameter estimates from base case scenario 2. 
	
	Mean
	Median
	Lower 10th
	Upper 10th

	r
	0.83
	0.60
	0.05
	1.29

	K
	547.41
	449.40
	126.20
	791.50

	qBio
	0.44
	0.41
	0.16
	0.62

	qJoint
	0.10
	0.09
	0.02
	0.15

	Shape
	0.96
	0.62
	0.01
	1.88

	sigma_com
	0.18
	0.18
	0.10
	0.27

	sigma_Bio
	0.18
	0.18
	0.10
	0.27

	tau
	0.10
	0.08
	0.02
	0.14

	FMSY
	0.21
	0.18
	0.04
	0.32

	BMSY
	246.97
	201.60
	75.28
	341.30

	MSY
	36.84
	36.71
	28.42
	45.82

	b
	0.49
	0.48
	0.33
	0.63







Appendix table 7. Summary of parameter estimates from sensitivity case scenario 1. 
	
	Mean
	Median
	Lower 10th
	Upper 10th

	r
	0.93
	0.78
	0.36
	1.26

	K
	299.78
	256.60
	120.10
	407.60

	qCHN
	0.43
	0.38
	0.16
	0.60

	qJPN1_1980
	0.02
	0.01
	0.00
	0.02

	qJPN1_1981
	0.02
	0.01
	0.00
	0.02

	qJPN1_1982
	0.01
	0.01
	0.00
	0.02

	qJPN1_1983
	0.01
	0.01
	0.00
	0.02

	qJPN1_1984
	0.02
	0.01
	0.00
	0.02

	qJPN1_1985
	0.02
	0.02
	0.00
	0.02

	qJPN1_1986
	0.02
	0.02
	0.01
	0.03

	qJPN1_1987
	0.02
	0.02
	0.01
	0.03

	qJPN1_1988
	0.02
	0.02
	0.01
	0.03

	qJPN1_1989
	0.03
	0.02
	0.01
	0.04

	qJPN1_1990
	0.03
	0.03
	0.01
	0.04

	qJPN1_1991
	0.03
	0.03
	0.01
	0.05

	qJPN1_1992
	0.04
	0.04
	0.02
	0.06

	qJPN1_1993
	0.05
	0.04
	0.02
	0.07

	qJPN2
	0.05
	0.04
	0.02
	0.07

	qKOR
	0.25
	0.22
	0.09
	0.35

	qRUS
	0.58
	0.51
	0.21
	0.81

	qCT_early
	0.04
	0.04
	0.01
	0.06

	qCT_late
	0.09
	0.08
	0.03
	0.12

	qBio
	0.67
	0.66
	0.46
	0.87

	Shape
	1.09
	0.85
	0.06
	1.92

	sigma_com
	0.07
	0.06
	0.02
	0.10

	sigma_Bio
	0.03
	0.02
	0.01
	0.04

	tau
	0.10
	0.09
	0.02
	0.16

	FMSY
	0.34
	0.32
	0.18
	0.47

	BMSY
	140.67
	125.80
	71.11
	180.60

	MSY
	42.31
	41.92
	36.06
	47.47

	b
	0.81
	0.81
	0.68
	0.93






Appendix table 8. Summary of parameter estimates from sensitivity case scenario 2. 
	
	Mean
	Median
	Lower 10th
	Upper 10th

	r
	0.72
	0.61
	0.20
	0.97

	K
	372.63
	274.35
	122.40
	476.90

	qBio
	0.54
	0.54
	0.29
	0.83

	qJPN1_1980
	0.01
	0.01
	0.00
	0.01

	qJPN1_1981
	0.01
	0.01
	0.00
	0.01

	qJPN1_1982
	0.01
	0.01
	0.00
	0.01

	qJPN1_1983
	0.01
	0.01
	0.00
	0.01

	qJPN1_1984
	0.01
	0.01
	0.00
	0.01

	qJPN1_1985
	0.01
	0.01
	0.00
	0.01

	qJPN1_1986
	0.01
	0.01
	0.00
	0.01

	qJPN1_1987
	0.01
	0.01
	0.00
	0.01

	qJPN1_1988
	0.01
	0.01
	0.00
	0.02

	qJPN1_1989
	0.01
	0.01
	0.01
	0.02

	qJPN1_1990
	0.01
	0.01
	0.01
	0.02

	qJPN1_1991
	0.02
	0.02
	0.01
	0.02

	qJPN1_1992
	0.02
	0.02
	0.01
	0.03

	qJPN1_1993
	0.02
	0.02
	0.01
	0.03

	qJoint
	0.10
	0.09
	0.02
	0.15

	Shape
	1.34
	1.26
	0.02
	2.27

	sigma_com
	0.16
	0.16
	0.08
	0.24

	sigma_Bio
	0.16
	0.16
	0.08
	0.24

	tau
	0.11
	0.09
	0.02
	0.17

	FMSY
	0.29
	0.28
	0.09
	0.44

	BMSY
	180.62
	141.95
	72.75
	221.70

	MSY
	41.28
	40.91
	33.11
	47.14

	b
	0.51
	0.50
	0.34
	0.65
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Figure 1. Input data for 2025 stock assessment. Note that the total catch in 2025 is set to 0 for model running purpose, which has no impact on the model output.
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Figure 2. Median biomass over time from each case scenario. 
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Figure 3. Median biomass and 80% CI over base case scenarios 1-2. 
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Figure 4. Median harvest rate over time from each case scenario. 
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Figure 5. Median harvest rate and 80% CI over base case scenarios 1-2. 
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Figure 6. Median Bratio over time from each case scenario.
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Figure 7. Median Bratio and 80% CI over base case scenarios 1-2. 
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Figure 8. Median Fratio over time from each case scenario.
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Figure 9. Median Fratio and 80% CI over base case scenarios 1-2. 
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Figure 10. Median B/K over time from each case scenario.
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Figure 11. Median B/K and 80% CI over base case scenarios 1-2.
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Figure 12. Median Fratio2024 and Bratio2024 calculated from each base case scenario (1-2).
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Figure 13. Median Fratio (average from 2022-2024) and Bratio (average from 2023-2025) calculated from each base case scenario (1-2).
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Figure 14. Kobe plot with median Fratio and Bratio time series from 1980 to 2024 over base case scenarios 1-2. The blue dot represents initial year 1980 and the red dot represents the terminal year 2024. 
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Appendix Figure 1. Prior and posterior distributions of parameters from base case scenario 1. q1 to q6 represent catchability of fishery-independent survey biomass index (q1), Japanese late CPUE (q2), Russian CPUE (q3), Chinese Taipei early CPUE (q4e), Chinese Taipei late CPUE (q4l), Korean CPUE (q5), and Chinese CPUE (q6), respectively. tau2 represents process error variance, sigma2 represents common observation variance of CPUE. P1 represents B1980/K, s represents shape parameter, and b represents hyperdepletion parameter.
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Appendix Figure 2. Prior and posterior distributions of parameters from base case scenario 2. q1 and q2 represent catchability of fishery-independent survey biomass index (q1) and joint CPUE (q2), respectively. tau2 represents process error variance, sigma2 represents common observation variance of CPUE. P1 represents B1980/K, s represents shape parameter, and b represents hyperdepletion parameter.
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Appendix Figure 3. Prior and posterior distributions of parameters from sensitivity case scenario 1. q1 to q7 represent catchability of fishery-independent survey biomass index (q1), Japanese early CPUE (q2initial), Japanese late CPUE (q3), Russian CPUE (q4), Chinese Taipei early CPUE (q5e), Chinese Taipei early CPUE (q5l), Korean CPUE (q6), and Chinese CPUE (q7), respectively. q2initial represents q1980. tau2 represents process error variance, tau2qJPN1 represents error variance of Japanese early CPUE, sigma21 represents observation variance of biomass index, and sigma22 represents common observation variance of CPUE. P1 represents B1980/K and s represents shape parameter.
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Appendix Figure 4. Prior and posterior distributions of parameters from sensitivity case scenario 2. q1-q3 represent catchability of fishery-independent survey biomass index (q1), Japanese early CPUE (q2initial), and joint CPUE (q3), respectively. q2initial represents q1980. tau2 represents process error variance, tau2qJPN1 represents error variance of Japanese early CPUE, sigma21 represents observation variance of biomass index, and sigma22 represents common observation variance of CPUE. P1 represents B1980/K and s represents shape parameter.
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Appendix Figure 5. Standardized residuals between predicted and observed indices from base case scenario 1. 
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Appendix Figure 6. Standardized residuals between predicted and observed indices from base case scenario 2. 
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Appendix Figure 7. Standardized residuals between predicted and observed indices from sensitivity case scenario 1. 
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Appendix Figure 8. Standardized residuals between predicted and observed indices from sensitivity case scenario 2. 
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Appendix Figure 9. Retrospective pattern of biomass from base case scenario 1. 
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Appendix Figure 10. Retrospective pattern of harvest rate from base case scenario 1. 
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Appendix Figure 11. Retrospective pattern of biomass from base case scenario 2. 
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Appendix Figure 12. Retrospective pattern of harvest rate from base case scenario 2. 
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Appendix Figure 13. Time-varying catchability of Japanese early CPUE from sensitivity case scenario 1.

[image: ]
Appendix Figure 14. Time-varying catchability of Japanese early CPUE from sensitivity case scenario 2.
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