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Summary
This paper presents the latest stock assessment update for Pacific saury (Cololabis saira) in the Western North Pacific Ocean (WNPO), following the modeling framework recommended by SSC PS15 of the North Pacific Fisheries Commission (NPFC). A Bayesian state-space surplus production model was applied using fishery catches from 1980 to 2024 and standardized catch-per-unit-effort (CPUE) indices provided by NPFC Members. The abundance indices included updated CPUE series from Japan, Chinese Taipei (two-period approach: 2001 - 2010 and 2011-2024), Korea, Russia and China, a joint CPUE index from 1994 to 2024, and an updated Japanese biomass survey index from 2003 to 2025. Two base case models were considered, which differed in the treatment of individual fleet CPUEs versus using the joint CPUE index. Both base case models showed consistent biomass trends after 2011, but differed notably from 1990 to 2010. Base case 2 displayed smoother variability and yielded higher biomass estimates than base case 1 during this period. The ensemble biomass estimates indicate an increasing pattern from 2000, peaking in the mid-2000s, followed by a continuous decline below BMSY since 2009. The lowest stock condition was estimated in 2020 and 2021 (median B2020/BMSY = 0.233; 80% CI: 0.176 - 0.331; median B2021/BMSY = 0.238; 80% CI: 0.176 - 0.338), with a slight increase observed in recent years. Biomass in 2025 is below BMSY (median B2025/BMSY = 0.510; 80% CI: 0.340 - 0.749), showing slightly recovery from the 2020 - 2021 lows but not yet reach to BMSY. Over the most recent three years (2023 - 2025), biomass was consistently estimated below BMSY (median B2023–2025/BMSY = 0.429; 80% CI: 0.309 - 0.596). The fishing mortality (F) was below FMSY prior to 2007, increased above FMSY thereafter, and reached high levels in 2014 and 2018. A declining pattern in F was estimated from 2021 to 2024, with recent fishing mortality close to the FMSY (median F2022–2024/FMSY = 0.927; 80% CI: 0.684 - 1.278). Estimated fishing mortality in 2024 increased slightly (median F2024/FMSY = 0.972; 80% range: 0.684 – 1.408) compared with 2023 (median F2023/FMSY = 0.893; 80% range: 0.646 – 1.243). The ensemble MCMC stock status results suggest that the stock is likely in the yellow quadrant of the Kobe plot, below BMSY while fishing mortality is near or below FMSY (Prob[B2024 < BMSY and F2024 < FMSY] = 54%). 

1. Introduction
	Here, we present a preliminary stock assessment of Pacific saury in the WNPO of the North Pacific Fisheries Commission (NPFC) convention area through 2024. The assessment consisted of applying the Bayesian state-space surplus production model with available catches and standardized catch-per-unit-effort (CPUE) indices from the members from 1980 to 2024 and the Japanese biomass index from 2003-2025. The Bayesian method provided direct estimates of the uncertainty of the model parameters and management quantities. 
2. Material and methods
Fishery catch data from 1950 to 2024 for assessing Western North Pacific Ocean (WNPO) saury were obtained from the most recent summary of available fishery-dependent data. Commercial catch data of Pacific saury by Japan, Chinese Taipei, Korea, China, Russia, and other members in the WNPO area were collected from 1950 to 2024 (Figure 1). Standardized fishery-dependent catch-per-unit-effort (CPUE) estimates for WNPO saury were available from Japan, Chinese Taipei, Korea, Russia, and China. Chinese Taipei provided the standardized CPUE data using a two-period approach (early period: 2001 to 2010; late period: 2011 to 2024). This approach accounted for changes in fishing efficiency resulting from the significant replacement of aging fishing vessels with newer ones (NPFC-2024-SSC PS13-WP08 (Rev. 1)). In addition, a joint CPUE index covering 1994 – 2024 was included.
Fishery-independent biomass index was available from Japanese scientific research surveys from 2003 – 2025 by using mid-water trawl (Figure 2). Comparison of input catch, standardized CPUE indices, and survey index between the 2023 and 2024 assessment models was shown in Figure 3. Based on the SSC PS15 recommended base case scenarios (NPFC-2025-SSC PS15-Final Report), the model specification was listed in Table 1. The Bayesian analysis requires prior probability distributions for each of the model parameters. These priors used in this study were summarized in Table 2. 
We performed an Autocorrelation Function (ACF) Analysis to examine whether CPUE residuals exhibited temporal dependencies and annual patterns. In addition, retrospective analysis was conducted to examine the consistency among successive model estimates of population size, or related assessment variables obtained as new data are gathered. Within-model retrospective analysis which trims the most recent 5 years of data in successive model runs were used to examine changes in the estimates of exploitable biomass. Modified Mohn’s (1999) DR statistic was calculated as (Hurtado-Ferro et al., 2015):


where X denotes B, B/BMSY, F, and F/FMSY, y denotes year, npeels denotes the number of years that are dropped in successive fashion and the assessment rerun, Y is the last year in the full time
series, tip denotes the terminal estimate from an assessment with a reduced time series, and ref denotes the assessment using the full time series.

3. Results 
3.1 Convergence of base case and sensitivity models
	The visual inspection of trace plots of the major parameters showed the good mixing of the three chains (i.e., moving around the parameter space), also indicative of convergence of the MCMC chains. It indicated that the posterior distributions of the model parameters were adequately sampled with the MCMC simulations. 
[bookmark: _Hlk184203674]3.2 Model fits to catch-per-unit-effort indices
	Plots of residual diagnostics by fishery for the base and sensitivity case models were shown in Figures 4 - 5 and Figures A1 - A2. The ACF analysis revealed the significant temporal patterns (p < 0.05) in the CPUE residuals from late Japan for the base case1 (Figure 4 and Figure A1). For base model 2 and sensitivity case 2, the fits to all CPUE indices showed no significant residual patterns over the years (Figure 5 and Figure A2). 
3.3 Posterior estimates of model parameters
Plots of posterior densities of the parameters r (intrinsic growth rate), K (carrying capacity), M (shape parameter), σ2 (observation error), τ2 (process error), b (hyper-depletion/stability), and P1 (biomass depletion in 1980) for each base and sensitivity cases were shown in Figures 6 - 7 and Figures A3 - A4. Summaries of parameter estimates of each of the base and sensitivity cases were provided in Tables 3 - 4 and Tables A1 - A2.  
The time-series plots of process errors for the two base cases are shown in Figures 8 and 9. In general, the patterns of process error for both base cases were around 0 and exhibited fluctuations after 2000s. Notably, the process error pattern for both base cases tend to be higher than 0 in the mid-2000s, whereas they tend to be slightly lower than 0 after 2015.
3.4 Stock assessment results
[bookmark: _Hlk144168143]	Time-series of exploitable biomass (B), the ratio of biomass to BMSY (B/BMSY) and the biomass depletion (B/K) within each base and sensitivity cases were provided in Figure 10 and Figures A5 - A8. Both base-case models showed consistent biomass trends after 2011, but differed notably from 1990 to 2010. Base Case 2 displayed smoother variability and yielded higher biomass estimates than Base Case 1 during this period. In the sensitivity cases, the inclusion of early Japanese CPUE had minimal influence on biomass estimates before 1994, and the subsequent estimations did not differ significantly from the base case. This suggested that the inclusion of early Japanese CPUE index has negligible effects on the overall biomass results. The summary of estimated reference points for both base and sensitivity cases were provided in Tables 5 - 6 and Tables A3 - A4.
[bookmark: _Hlk120627279]The ensemble time-series of biomass from the two base cases is estimated to have an increasing pattern since 2000, with peak in mid-2000s, after then decreased overtime and below BMSY in 2009 – 2025. It should be noted that the models estimate the lowest biomass level in 2020 and 2021(median B2020/BMSY = 0.233, 80 percentile range 0.176 – 0.331; median B2021/BMSY = 0.238, 80 percentile range 0.176 – 0.338) and following a slight increase in 2022 to 2025 (median B2025/BMSY = 0.51, 80 percentile range 0.340 – 0.749). In the recent three years (2023 – 2025), the biomass was estimated below the BMSY (median B2023-2025/BMSY = 0.429, 80 percentile range 0.309 – 0.596) (Figure 11).
[bookmark: _Hlk144168345]Time-series of the fishing mortality (F) and the ratio of fishing mortality to (F/FMSY) within two base cases and sensitivity cases were shown in Figure 12 and Figures A9 – A12. The fishing mortality trajectories in base case 1 and base case 2 were generally similar; however, Base case 1 estimated higher fishing mortality during 1990 – 2003. This difference reflects the lower exploitable biomass estimated in base case 1 relative to base case 2. The sensitivity cases produced fishing mortality trends consistent with their corresponding base-case models.
The ensemble time-series of the fishing mortality ratio trend from two base cases was shown in Figure 13. The fishing mortality was below FMSY before 2007, and then the fishing mortality increased above FMSY and reached a high level in 2014 and 2018, respectively. A decreased trend in fishing mortality was found from 2021 to 2024, and the recent average fishing mortality is estimated to be close to FMSY (median F2022-2024/FMSY = 0.927, 80 percentile range 0.684 – 1.278). The estimated fishing mortality in 2024 is slightly increased (median F2024/FMSY = 0.972, 80 percentile range 0.684 – 1.408) compared to its 2023 level (median F2023/FMSY = 0.893, 80 percentile range 0.646 – 1.243).
The quantities of management interest reference points from joint estimates of the base case 1 and 2 were shown in Table 7. Overall, the ensemble MCMC results from the two base cases indicated that the 2023 stock status is likely within the yellow quadrant (Prob [B2024<BMSY and F2024<FMSY] = 54%) (Figure 14). The ensemble MCMC results from two base cases in the last year and the recent three years were also shown in Figure 15, and it suggested that the stock status of Pacific saury is located at the yellow quadrant in the recent three years. Additionally, the Kobe phase plot of stock status derived from the sensitivity cases indicated that considering Japanese early CPUE would have minimal impact on the saury’s stock condition in recent years (Figure A13). 
3.5 Retrospective analysis 
Retrospective analyses for the two base cases showed that the time-series of B, B/BMSY, F and F/FMSY with the removal of most 5 years of data (catch: 2019– 2023; Japan biomass survey: 2020 – 2024) in successive model runs match very well within the full time series assessment (Figures 16 and 17). The DR statistic metrics for each quantity range from -0.033 to 0.035 in base case 1 (Figure 16) and from -0.025 to 0.0267 in base case 2 (Figure 17). These values fall well within the –0.22 to 0.30 range that indicates minimal retrospective bias for shorter-lived species, based on the rule of thumb proposed by Hurtado-Ferro et al. (2015). Therefore, the results suggest no consistent pattern of bias in the terminal-year estimates in the current analysis.
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Table 1. Specifications of the two base case models and four sensitivity case models. “JPN_early” = early Japan (1980-1993),
“JPN_late” = late Japan (1994-2024), “CT_early” = early Chinese Taipei (2001-2010), ”CT_late” = late Chinese Taipei (2011 – 2024) “RUS” = Russia, “KOR” = Korea, “CHN” = China, “JPN_bio” = Japan biomass survey (NPFC-2024-SSC PS13-Final Report).
	Model
	Base case 1 (NB1)
	Base case2 (NB2)
	Sensitivity case1 (NS1)
	Sensitivity case2 (NS2)

	Initial year
	1980

	Biomass survey
	






	Fleet CPUEs and Joint CPUE

	CHN (2013-2024)
JPN_late (1994-2024)
KOR (2001-2024)
RUS (1994-2024)
CT_early (2001-2010)
CT_late (2011-2024)







where is computed except for the 2020 biomass survey (c=5)
	Joint CPUE (1994-2024)




	CHN (2013-2024)
JPN_early (1980-1993, time-varying q)
JPN_late (1994-2024)
KOR (2001-2024)
RUS (1994-2024) 
CT_early (2001-2010)
CT_late (2011-2024)







where is computed except for the 2020 biomass survey (c=6)
	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)
	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 qbio
	Own preferred options



Table 2. Summary of the specified priors for the Bayesian state-space models. “JPN1” = early Japan (1980 – 1993), “JPN2” = late Japan (1994 – 2024), “CT1” = early Chinese Taipei (2001 – 2010), “CT2” = late Chinese Taipei (2011 – 2024), “RUS” = Russia, “KOR” = Korea, “CHN” = China, “JPN_bio” = Japan biomass survey.
	Parameter
	Description
	Prior

	K
	Carrying capacity (10,000 mt)
	


	r
	Intrinsic growth rate (year-1)
	


	M
	Shape parameter
	


	q
	Catchability for fleets (JPN2; CT1; CT2; RUS; KOR; CHN and Joint CPUE)
	


	

	catchability for Japanese survey biomass
	


	

	Time-varying catchability for JPN1 in 1980
	
 

	

	Annual deviation of log-scale time-varying catchability
	


	

	Hyperstability of CPUE during 1994 - 2023
	


	

	Common observation error of CPUE
	


	

	Process error
	


	P1
	Initial condition (B1/K)
	






Table 3. Summary of parameter estimates of the base case 1.
	
	Mean
	Median
	Lower 10th
	Upper 10th

	r
	0.668
	0.605
	0.334
	1.060

	K
	313.074
	283.300
	188.200
	473.190

	qCHN
	0.390
	0.321
	0.154
	0.708

	qJPN2
	0.050
	0.040
	0.020
	0.092

	qKOR
	0.233
	0.187
	0.090
	0.428

	qRUS
	0.537
	0.433
	0.209
	0.983

	qCT1
	0.039
	0.030
	0.014
	0.074

	qCT2
	0.080
	0.065
	0.032
	0.143

	qBio
	0.532
	0.522
	0.323
	0.759

	M
	1.031
	0.903
	0.350
	1.889

	obser_error
	0.181
	0.180
	0.158
	0.205

	obser_errorsurvey
	0.081
	0.080
	0.071
	0.092

	process_error
	0.156
	0.151
	0.117
	0.202

	FMSY
	0.281
	0.271
	0.156
	0.417

	BMSY
	152.154
	138.700
	95.920
	223.900

	MSY
	37.887
	37.950
	31.610
	44.180

	b
	0.787
	0.795
	0.629
	0.938



Table 4. Summary of parameter estimates of the base case 2.
	
	Mean
	Median
	Lower 10th
	Upper 10th

	r
	0.612
	0.559
	0.286
	0.984

	K
	328.249
	293.550
	182.700
	521.680

	qBio
	0.509
	0.494
	0.278
	0.771

	qJoint
	0.089
	0.073
	0.384
	2.089

	M
	1.146
	1.008
	0.026
	0.172

	obser_error
	0.287
	0.284
	0.236
	0.342

	process_error
	0.155
	0.150
	0.115
	0.202

	FMSY
	0.276
	0.264
	0.136
	0.438

	BMSY
	162.117
	146.300
	96.481
	247.700

	MSY
	38.360
	38.675
	30.530
	45.810

	b
	0.537
	0.532
	0.358
	0.721



	
Table 5. Summary of reference points of the base case 1.
	
	Mean
	Median
	Lower 10th
	Upper 10th

	F2022-2024
	0.264
	0.256
	0.156
	0.388

	F2024
	0.278
	0.269
	0.167
	0.400

	FMSY
	0.281
	0.271
	0.156
	0.417

	MSY
	37.887
	37.950
	31.610
	44.180

	F2024/FMSY
	1.040
	0.993
	0.726
	1.402

	F2022-2024/FMSY
	0.977
	0.945
	0.720
	1.271

	K
	313.074
	283.300
	188.200
	473.190

	B2024
	63.392
	57.930
	38.870
	93.089

	B2025
	76.458
	70.240
	47.202
	111.79

	B2023-2025
	64.440
	59.022
	39.924
	93.932

	BMSY
	152.154
	138.700
	95.920
	223.900

	BMSY/K
	0.494
	0.490
	0.424
	0.570

	B2024/K
	0.211
	0.206
	0.144
	0.283

	B2025/K
	0.258
	0.250
	0.164
	0.363

	B2023-2025/K
	0.215
	0.210
	0.147
	0.288

	B2024/BMSY
	0.427
	0.416
	0.305
	0.562

	B2025/BMSY
	0.522
	0.504
	0.346
	0.718

	B2023-2025/BMSY
	0.360
	0.352
	0.266
	0.463



Table 6. Summary of reference points of the base case 2.
	
	Mean
	Median
	Lower 10th
	Upper 10th

	F2022-2024
	0.249
	0.235
	0.129
	0.388

	F2024
	0.258
	0.246
	0.139
	0.394

	FMSY
	0.276
	0.264
	0.136
	0.438

	MSY
	38.360
	38.675
	30.530
	45.810

	F2024/FMSY
	1.010
	0.946
	0.647
	1.418

	F2022-2024/FMSY
	0.952
	0.906
	0.653
	1.287

	K
	328.249
	293.550
	182.700
	521.680

	B2024
	71.536
	63.18
	39.46
	112.20

	B2025
	84.493
	75.73
	47.32
	130.10

	B2023-2025
	72.026
	63.88
	40.35
	110.59

	BMSY
	162.117
	146.300
	96.481
	247.700

	BMSY/K
	0.504
	0.501
	0.429
	0.583

	B2024/K
	0.226
	0.218
	0.148
	0.312

	B2025/K
	0.272
	0.259
	0.165
	0.396

	B2023-2025/K
	0.228
	0.220
	0.149
	0.315

	B2024/BMSY
	0.450
	0.430
	0.304
	0.613

	B2025/BMSY
	0.542
	0.517
	0.336
	0.780

	B2023-2025/BMSY
	0.454
	0.436
	0.307
	0.622







Table 7. Summary of joint estimates of reference points of the base cases 1 and 2.
	
	Mean
	Median
	Lower 10th
	Upper 10th

	Catch2024
	15.6
	15.6
	15.6
	15.6

	F2022-2024
	0.257
	0.246
	0.140
	0.388

	F2024
	0.268
	0.258
	0.151
	0.398

	FMSY
	0.279
	0.268
	0.145
	0.428

	MSY
	38.123
	38.250
	31.120
	45.030

	F2024/FMSY
	1.025
	0.972
	0.684
	1.408

	F2022-2024/FMSY
	0.964
	0.927
	0.684
	1.278

	K
	320.662
	288.000
	185.600
	497.500

	B2024
	67.464
	60.330
	39.063
	102.770

	B2025
	80.476
	72.620
	47.270
	120.900

	B2023-2025
	68.233
	61.303
	40.107
	102.944

	BMSY
	157.136
	142.200
	96.190
	236.900

	BMSY/K
	0.538
	0.492
	0.313
	0.796

	B2024/K
	0.218
	0.211
	0.146
	0.298

	B2025/K
	0.265
	0.253
	0.165
	0.381

	B2023-2025/K
	0.221
	0.215
	0.148
	0.303

	B2024/BMSY
	0.438
	0.423
	0.305
	0.588

	B2025/BMSY
	0.532
	0.510
	0.340
	0.749

	B2023-2025/BMSY
	0.445
	0.429
	0.309
	0.596
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Figure 1. Time-series of Pacific saury historical catches by fleets during 1950 – 2024 in the Western North Pacific Ocean. 

[image: C:\Users\Jhen\Dropbox\2025 Dec NPFC SC\BSP\BSP figs\fig\Fig.3_CPUEs_2024.png]

Figure 2. Time-series of relative standardized CPUE indices by each member, joint CPUE index and fishery-independent biomass index.  
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Figure 3. Comparison of input catch, standardized CPUE indices, and survey index between 2024 and 2025 for the Pacific saury assessment model. 
[image: ]
Figure 4. Time-series of observed (circle-line) and predicted (red solid line) catch-per-unit-effort (CPUE) of Western North Pacific saury and standardized log-residuals for the base case 1 production model. “JPN_late” = late Japan (1994-2024), “CT_early” = early Chinese Taipei (2001-2010), “CT_late” = late Chinese-Taipei (2011-2024), “RUS” = Russia, “KOR” = Korea, “CHN” = China, JPN_bio” = Japanese biomass survey.
[image: ]
Figure 5. Time-series of observed (circle-line) and predicted (red solid line) catch-per-unit-effort (CPUE) of Western North Pacific saury and standardized log-residuals for the base case 2 production model. “Joint CPUE” = joint CPUE index (1994-2024), and “JPN_bio” = Japanese biomass survey (2003-2025).
[image: ]
Figure 6. Kernel density estimates of the posterior distributions (solid lines) of various model parameters and management quantities for the base case 1 production model for the Pacific saury in the Western North Pacific Ocean. Proper prior densities are given by the dashed lines. “JPN2” = late Japan (1994-2024), “CT_early” = early Chinese Taipei (2001-2010), “CT_late” = late Chinese-Taipei (2011-2024); “RUS” = Russia, “KOR” = Korea, “CHN” = China, “JP_bio” = Japanese biomass survey.
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Figure 7. Kernel density estimates of the posterior distributions (solid lines) of various model parameters and management quantities for the base case 2 production model for the Pacific saury in the Western North Pacific Ocean. Proper prior densities are given by the dashed lines. “Joint CPUE” = Joint CPUE index, “JP_bio” = Japanese biomass survey.
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Figure 8. The time-series of the process error deviates on log-scale for base case 1. The polygon is the 80% confident interval. 
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Figure 9. The time-series of the process error deviates on log-scale for base case 2. The polygon is the 80% confident interval.
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Figure 10. Time series of exploitable biomass (10,000 metric ton), the ratio of biomass to BMSY
(B/BMSY), and the depletion ratio (B/K) of the western North Pacific saury for the base case 1-2 (NB1 and NB2) and sensitivity case 1-2 (NS1 and NS2). 
[image: ]
Figure 11. Time series of ensemble exploitable biomass (10,000 metric ton), the ratio of exploitable biomass to BMSY (B/BMSY), and the depletion ratio (B/K) of the western North Pacific saury for the median estimates of MCMC results from base cases 1-2.
[image: ]
Figure 12. Time-series of fishing mortality (harvest rate, H) and the ratio of harvest rate to FMSY (F/FMSY) of the western North Pacific saury for the base case 1-2 (NB1 and NB2) and sensitivity case 1-2 (NS1 and NS2).
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Figure 13. Time-series of fishing mortality and the ratio of fishing mortality (harvest rate, H) to FMSY (F/FMSY) of the western North Pacific saury for the median estimates of MCMC results from base cases 1 – 2. 
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Figure 14. Ensemble Kobe phase plot of the stock trajectory of the western North Pacific saury from 1980 to 2024 (in a red triangle) with uncertainty estimate in 2024 (80% credible intervals, grey polygon) from the two base case models.
[image: ]
Figure 15. Kobe phase plot of stock status in the (a) last year (2025 for B; 2024 for F) and (b) recent three years (B2023 – 2025 and F2022 – 2024) of Pacific saury from the two base case models. The orange diamond is the median estimate of MCMC results from the two base case models.
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Figure 16. Five years within-model retrospective plots of the change in biomass, biomass to BMSY, harvest rate and harvest rate to FMSY of the western North Pacific saury from the base case 1.
[image: ]
Figure 17. Five years within-model retrospective plots of the change in biomass, biomass to BMSY, harvest rate and harvest rate to FMSY of the western North Pacific saury from the base case 2.

Appendix Tables
Table A1. Summary of parameter estimates of the sensitivity case 1.
	
	Mean
	Median
	Lower 10th
	Upper 10th

	r
	0.642
	0.585
	0.322
	1.013

	K
	321.523
	288.800
	189.710
	496.760

	qJP11980
	0.0069
	0.0054
	0.0021
	0.0134

	qJP11981
	0.0067
	0.0054
	0.0022
	0.0127

	qJP11982
	0.0066
	0.0054
	0.0023
	0.0123

	qJP11983
	0.0070
	0.0059
	0.0026
	0.0127

	qJP11984
	0.0075
	0.0063
	0.0029
	0.0135

	qJP11985
	0.0082
	0.0071
	0.0033
	0.0145

	qJP11986
	0.0089
	0.0077
	0.0037
	0.0156

	qJP11987
	0.0098
	0.0085
	0.0041
	0.0169

	qJP11988
	0.0115
	0.0101
	0.0049
	0.0195

	qJP11989
	0.0131
	0.0115
	0.0056
	0.0224

	qJP11990
	0.0144
	0.0126
	0.0063
	0.0248

	qJP11991
	0.0163
	0.0142
	0.0068
	0.0283

	qJP11992
	0.0182
	0.0156
	0.0073
	0.0322

	qJP11993
	0.0192
	0.0161
	0.0071
	0.0350

	qJPN2
	0.053
	0.042
	0.020
	0.100

	qCHN
	0.412
	0.335
	0.154
	0.757

	qKOR
	0.250
	0.198
	0.091
	0.471

	qRUS
	0.573
	0.452
	0.211
	1.069

	qCT1
	0.043
	0.032
	0.014
	0.085

	qCT2
	0.085
	0.069
	0.032
	0.157

	qBio
	0.519
	0.508
	0.318
	0.736

	M
	1.070
	0.937
	0.371
	1.940

	obser_error
	0.174
	0.173
	0.153
	0.197

	obser_errorBio
	0.071
	0.071
	0.062
	0.080

	process_error
	0.152
	0.147
	0.114
	0.197

	FMSY
	0.277
	0.267
	0.152
	0.412

	BMSY
	157.073
	141.800
	98.301
	233.890

	MSY
	38.359
	38.395
	31.840
	44.730

	b
	0.771
	0.780
	0.603
	0.932





Table A2. Summary of parameter estimates of the sensitivity case 2.
	
	Mean
	Median
	Lower 10th
	Upper 10th

	r
	0.604
	0.545
	0.286
	0.972

	K
	338.193
	303.850
	191.810
	531.300

	qBio
	0.499
	0.486
	0.279
	0.742

	qJoint
	0.088
	0.072
	0.363
	2.084

	qJPN11980
	0.006
	0.005
	0.002
	0.011

	qJPN11981
	0.005
	0.004
	0.002
	0.010

	qJPN11982
	0.005
	0.004
	0.002
	0.009

	qJPN11983
	0.006
	0.005
	0.002
	0.010

	qJPN11984
	0.006
	0.005
	0.003
	0.011

	qJPN11985
	0.007
	0.006
	0.003
	0.012

	qJPN11986
	0.007
	0.006
	0.003
	0.012

	qJPN11987
	0.008
	0.007
	0.004
	0.013

	qJPN11988
	0.010
	0.009
	0.005
	0.017

	qJPN11989
	0.012
	0.011
	0.006
	0.020

	qJPN11990
	0.013
	0.012
	0.006
	0.021

	qJPN11991
	0.016
	0.014
	0.007
	0.026

	qJPN11992
	0.018
	0.017
	0.008
	0.030

	qJPN11993
	0.018
	0.016
	0.008
	0.031

	M
	1.133
	0.988
	0.027
	0.169

	obser_error
	0.274
	0.271
	0.228
	0.324

	process_error
	0.152
	0.147
	0.114
	0.194

	FMSY
	0.266
	0.254
	0.137
	0.413

	BMSY
	166.479
	150.700
	100.200
	252.990

	MSY
	38.467
	38.870
	31.160
	45.599

	b
	0.536
	0.531
	0.361
	0.719



	
Table A3. Summary of reference points of the sensitivity case 1.
	
	Mean
	Median
	Lower 10th
	Upper 10th

	F2022-2024
	0.253
	0.243
	0.149
	0.370

	F2024
	0.267
	0.257
	0.162
	0.385

	FMSY
	0.277
	0.267
	0.152
	0.412

	MSY
	38.359
	38.395
	31.840
	44.730

	F2024/FMSY
	1.018
	0.976
	0.705
	1.374

	F2022-2024/FMSY
	0.952
	0.922
	0.693
	1.244

	K
	321.523
	288.800
	189.710
	496.760

	B2024
	65.639
	60.620
	40.391
	96.340

	B2025
	78.816
	72.715
	48.503
	114.990

	B2023-2025
	66.653
	61.573
	41.370
	96.874

	BMSY
	157.073
	141.800
	98.301
	233.890

	BMSY/K
	0.498
	0.494
	0.427
	0.574

	B2024/K
	0.214
	0.211
	0.144
	0.289

	B2025/K
	0.261
	0.253
	0.163
	0.370

	B2023-2025/K
	0.218
	0.214
	0.146
	0.295

	B2024/BMSY
	0.431
	0.421
	0.304
	0.570

	B2025/BMSY
	0.525
	0.506
	0.343
	0.728

	B2023-2025/BMSY
	0.439
	0.428
	0.309
	0.582



	
Table A4. Summary of reference points of the sensitivity case 2.
	
	Mean
	Median
	Lower 10th
	Upper 10th

	F2022-2024
	0.242
	0.231
	0.129
	0.372

	F2024
	0.254
	0.242
	0.140
	0.384

	FMSY
	0.266
	0.254
	0.137
	0.413

	MSY
	38.467
	38.870
	31.160
	45.599

	F2024/FMSY
	1.037
	0.962
	0.661
	1.439

	F2022-2024/FMSY
	0.970
	0.913
	0.662
	1.297

	K
	338.193
	303.850
	191.810
	531.300

	B2024
	72.639
	64.165
	40.542
	111.500

	B2025
	85.531
	76.300
	48.241
	131.090

	B2023-2025
	73.201
	64.768
	41.437
	112.729

	BMSY
	166.479
	150.700
	100.200
	252.990

	BMSY/K
	0.502
	0.499
	0.426
	0.582

	B2024/K
	0.223
	0.214
	0.142
	0.310

	B2025/K
	0.267
	0.255
	0.157
	0.388

	B2023-2025/K
	0.225
	0.217
	0.143
	0.313

	B2024/BMSY
	0.445
	0.424
	0.294
	0.611

	B2025/BMSY
	0.533
	0.505
	0.323
	0.768

	B2023-2025/BMSY
	0.449
	0.430
	0.298
	0.617



Appendix Figures
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Figure A1. Time-series of observed (circle-line) and predicted (red solid line) catch per unit effort (CPUE) of Western North Pacific saury and standardized log-residuals for the sensitivity case 1 production model. “JPN_early = early Japan (1980-1993)”, “JPN_late” = late Japan (1994-2024), “CT_early” = early Chinese Taipei (2001-2010), “CT_late” = late Chinese-Taipei (2011-2024), “RUS” = Russia, “KOR” = Korea, “CHN” = China, JPN_bio” = Japanese biomass survey (2003-2025).

[image: ]
Figure A2. Time-series of observed (circle-line) and predicted (red solid line) catch per unit effort (CPUE) of Western North Pacific saury and standardized log-residuals for the sensitivity case 2 production model. “JPN_early = early Japan (1980-1993)”, “Joint CPUE” = joint CPUE index (1994-2024), and “JPN_bio” = Japanese biomass survey (2003-2025).
[image: ]
Figure A3. Kernel density estimates of the posterior distributions (solid lines) of various model parameters and management quantities for the sensitivity case 1 production model for the Pacific saury in the Western North Pacific Ocean. Proper prior densities are given by the dashed lines. “JPN1”=early Japan (1980-1992), “JPN2” = late Japan (1994-2024), “CT_early” = early Chinese Taipei (2001-2010), “CT_late” = late Chinese-Taipei (2011-2024); “RUS” = Russia, “KOR” = Korea, “CHN” = China, “JP_bio” = Japanese biomass survey.
[image: ]
Figure A4. Kernel density estimates of the posterior distributions (solid lines) of various model parameters and management quantities for the sensitivity case 2 production model for the Pacific saury in the Western North Pacific Ocean. Proper prior densities are given by the dashed lines. “Joint CPUE” = Joint CPUE index, “JP_bio” = Japanese biomass survey.
[image: ]
Figure A5. Time series of ensemble biomass (10,000 metric ton), the ratio of biomass to BMSY (B/BMSY), and the depletion ratio (B/K) of the western North Pacific saury for the median estimates of MCMC results from base case 1.
[image: ]
Figure A6. Time series of ensemble biomass (10,000 metric ton), the ratio of biomass to BMSY (B/BMSY), and the depletion ratio (B/K) of the western North Pacific saury for the median estimates of MCMC results from base case 2.
[image: ]
Figure A7. Time series of ensemble biomass (10,000 metric ton), the ratio of biomass to BMSY (B/BMSY), and the depletion ratio (B/K) of the western North Pacific saury for the median estimates of MCMC results from sensitivity case 1.
[image: ]
Figure A8. Time series of ensemble biomass (10,000 metric ton), the ratio of biomass to BMSY (B/BMSY), and the depletion ratio (B/K) of the western North Pacific saury for the median estimates of MCMC results from sensitivity case 2.
[image: ]
Figure A9. Time-series of fishing mortality and the ratio of fishing mortality to FMSY (F/FMSY) of the western North Pacific saury for the median estimates of MCMC results from base case1.
[image: ]
Figure A10. Time-series of fishing mortality and the ratio of fishing mortality to FMSY (F/FMSY) of the western North Pacific saury for the median estimates of MCMC results from base case2.
[image: ]
Figure A11. Time-series of fishing mortality and the ratio of fishing mortality to FMSY (F/FMSY) of the western North Pacific saury for the median estimates of MCMC results from sensitivity case1.
[image: ]
Figure A12. Time-series of fishing mortality and the ratio of fishing mortality to FMSY (F/FMSY) of the western North Pacific saury for the median estimates of MCMC results from sensitivity case2.
[image: ]
Figure A13. Kobe phase plot of stock status in the (a) last year (2025 for B; 2024 for F) and (b) recent three years (B2023 – 2025 and F2022 – 2024) of Pacific saury from the two sensitivity case models. The orange diamond is the median estimate of MCMC results from the two sensitivity case models.
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