ISC/22/SHARKWG-2/6

Main outcomes and model diagnostics of the Stock Synthesis base-case model

candidate in the stock assessment for blue sharks in the North Pacific !

Mikihiko Kai?, Steven L. H. Teo?, Nicholas Ducharme-Barth*, Felipe Carvalho®

2 Fisheries Resources Institute, Japan Fisheries and Education Agency,
5-7-1 Orido, Shimizu, Shizuoka, 424-8633, Japan
3 NOAA Fisheries, Southwest Fisheries Science Center, La Jolla, California USA
*NOAA Fisheries, Pacific Islands Fisheries Science Center, Honolulu, Hawaii USA

Email: kaim@affrc.go.jp

1 Working document submitted to the ISC Shark Working Group Workshop, 19-22, 26-28
March 2022, Web-meeting. Document not to be cited without author’s permission.



Summary

This working paper summarizes main outcomes of the Stock Synthesis (SS3) base-case model candidate and its model
diagnostics in the stock assessment for the blue sharks in the North Pacific Ocean. The main outcomes include: 1)
Estimates of key management quantities; 2) Time series of spawning output, age-0 recruits (1000s) and fishing
mortality; 3) Kobe plot. The model diagnostics include: 1) RO-profiles of the log-likelihoods; 2) Age-structured
Production Model (ASPM); 3) Retrospective analysis; 4) Jitter analysis. The base-case model candidate was
determined based on the entire model fits to the data that indicated better fits for the representative abundance indices
and all length composition data, and the hessian matrix was positive definite with sufficient small value of maximum
gradient (1.31E-05). The annual spawning biomass constantly decreased until 1992 and slightly increased until recent
years. The annual fishing mortality gradually increased in the late 1970s and 1980s and suddenly dropped around
1990, after that it has been slightly decreasing. The annual age-0 recruits were stable over the assessment period and
the number was maintained between 10 and 20 million. The Kobe matrix indicated that the current stock status is not
overfished, and overfishing has not been occurred in recent years.

Introduction
Blue shark (Prionace glauca) is widely distributed from tropical to temperate waters around the globe and is the most
abundant species of oceanic pelagic shark (Nakano and Steven, 2008). The stock assessment of blue shark in the
North Pacific Ocean was conducted in 2017 by the ISC SHARK working group (WG). The Stock Synthesis (SS3)
model platform (Method and Wetzel, 2013) was used to determine the stock status of the North Pacific stock of blue
shark. In the 2017 assessment of this stock, the female spawning biomass in 2015 (SBao15) was estimated to be 71%
higher than at the maximum sustainable yield (MSY) level (SBmsy), while the recent annual fishing mortality (F2o1o-
2014) was estimated to be well below Fusy, at approximately 37% of Fusy. Therefore, the results of the reference case,
with input parameter values considered most probable, suggested that this stock was not overfished, and overfishing
was not occurring, relative to MSY (ISC, 2017).

The objective of this working paper is to summarize the main outcomes and model diagnostics of the base-
case model candidate. Details of the base-case model candidate can be found in Kai et al. (2022a, b).

Materials and Methods
Decisions of the SS3 base-case model candidate

The base-case model candidate was selected based primarily on the fits to the representative CPUEs (i.e.,
S5 and S6), and all the length composition data. In addition, the hessian matrix of the model was required to be positive
definite with a sufficiently small maximum absolute gradient (i.e., <0.0001). The model fits to those data (e.g., residual
patterns of CPUE and length composition data) were visually checked using the residual plots for CPUEs and length
composition data. In addition, the root mean square errors (RMSEs) of the model fits to relative abundance indices
were calculated and compared. The RMSEs were expected to be <30 % of the indices. During model development,
some parameters were estimated to be on the parameter bounds and some parameter pairs were highly correlated (>
0.95). These issues were resolved by adjusting the initial values of selectivity parameters, by changing the structure
of the selectivity (e.g., time block, time varying selectivity), or by fixing the less-effective parameters.

Model diagnostics

Procedures and details of contemporary model diagnostics in SS3 were concisely summarized in a
cookbook (Carvalho et al., 2021). Four major model diagnostics (Ro-likelihood profile (Ro-profile), Age-structured
production model (ASPM), Retrospective analysis and Jitter analysis) were used to identify problems with model
specifications and to remove/minimize such problems. A likelihood profile of Ro was conducted by sequentially fixing
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Ro to a range of values (8.25 < log(Ro) < 10.25 with 0.1 intervals) to examine the change in the total and data-
component likelihoods. The Ro-profile can detect relatively informative data sources as well as conflicts in the data
and/or model misspecification.

The ASPM was conducted by fixing all the selectivity parameters to the estimated values and turing off
estimation of all parameters except Ro and the parameters representing initial conditions (e.g., initial fishing mortality
parameters). The recruitment deviates were also set to zero to allow recruitment to follow the stock recruitment curve.
Further, the penalty for recruitment deviates estimation in the likelihood function was turned off. The model was fit
only to the catch and CPUE data. If the changes in catch can explain the trends in the indices of the ASPM, it suggests
that a production function is apparent in the relationship between the catch and index data. If the general scale and
trend of the population in the ASPM is consistent with the full model, it suggests that the data sources for both models
are providing consistent information on the overall productivity of the stock.

Within-model retrospective analysis was conducted by sequentially removing the terminal year of
observations (i.e., catch, CPUE and length composition data) from successive models (1 to 3 years), while keeping
the same model structure between models. Retrospective analysis can detect potential biases in the estimated
spawning stock biomass and fishing mortality, especially in the terminal period, by comparing the relative difference
between model estimates from the full time series and the truncated time-series. The retrospective bias was quantified
using an annualized version of Mohn’s rho (Mohn, 1999) (pm), which was proposed by Hurtado-Ferro et al. (2015).
If pm falls outside of -0.15 to 0.20, it indicates an undesirable retrospective pattern for longer-lived blue sharks
(Carvalho et al., 2017). Additionally, a large positive pm for spawning biomass indicates a systematic overestimation
that may result in overly optimistic stock status from the assessment.

The jitter analysis was conducted by adding a small random jitter (10 % of the parameter range) to the
initial parameter values with 100 iterations. The jitter analysis can detect whether the model has failed to converge to
a global solution. In addition, we can compare the management quantities from the models in the jitter analysis to
check that, even if the model had not converged to a global minimum, whether the results of the models would be
highly similar.

The model diagnostics were conducted using the modified R-code on the website of ss3diags
(https://pifscstockassessments.github.io/ss3diags/) and the entire model outputs such as time series of spawning
biomass and fishing mortality were visually checked using the ““SS Output” produced by R-package “rdss” (Taylor et
al. 2021).

Results and Discussions

Model convergence to a local or global minimum was indicated by a positive definite hessian matrix and a sufficiently
small value of maximum gradient (1.31E-05). In addition, there were no parameters with correlations above 0.95 and
no parameters were on bounds. The model fits to the annual CPUEs for S5 (JPN_EARLY) and S6 (JPN_LATE) were
generally good, while the model fits to the length composition data for several fleets (F1, F3, F4, F15 and F18) had
an apparent lack of randomness in their residual distributions (Figs. 1, 2). However, the RMSEs for both CPUEs (i.e.,
S5 and S6) and length composition data used in the preliminary base-case model were lower than 30% (Tables 1, 2),
which indicated reasonably good fits overall to the CPUEs (i.e., S5 and S6) and length composition data.

Ro-profile diagnostics indicated that the gradient of the likelihood profile for the penalty on the recruitment
deviations was greater than the other two data sources (Fig. 3). The second and third strongest gradient was observed
for length composition data and CPUE data, respectively. The minimum value along the Ro-profile for the CPUE data
was close to that of the length composition data, while that for the penalty on the recruitment deviates was much
higher than any other data (Tables 3). These results suggested that there is no conflict between the likelihood for the
CPUE and the length composition data, but major conflict was observed between the likelihood for the penalty on the
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recruitment deviates and the other two data sources. Overall, the maximum likelihood estimate of Ro is balancing
conflicting signals from these three data sources.

ASPM diagnostics indicated that the CPUEs and spawning biomass showed somewhat similar trends to
those of base-case model, while the spawning stock biomass of ASPM was higher than that of base-case model over
the assessment period (Fig. 4). The fit to the indices in the ASPM was adequate but could be better. These results
suggests that a production function is apparent, albeit weakly, in the relationship between the catch and index data.
However, more work is needed to improve the fits to the indices in the ASPM as well as understand the sources for
the difference in scale between the ASPM and base-case models.

Retrospective results indicated a consistent negative bias for the spawning stock biomass but no clear bias
for the fishing mortality and annual CPUE (Fig. 5). It should be noted that the pp=-0.19 for spawning stock biomass
and pv= 0.26 for fishing mortality rate are outside of the acceptable range (-0.15 to 0.20) for long-lived species. In
addition, the reduction of the absolute spawning stock biomass as the number peel years increased were due to the
reduction in the estimated age-0 recruitment over the assessment period. Here, the reason of the three year’s
retrospective analysis is that the FS JPN KK DP has no size data prior to 2017 that may result in the difficulty of
estimating selectivity parameters for the fishery.

Jitter analysis indicated that all of the 100 model runs were converged. Some runs showed larger negative
log-likelihood but the likelihoods for most of the runs were close to that of the base-case model candidate (Fig. 6).
These results suggested that the base-case model candidate was sensitive to initial values of the parameters but there
is low possibility that the likelihood of the base-case model candidate is far from the global minimum.

The annual spawning biomass (SB) constantly decreased until 1992 and slightly increased until recent
years (Fig. 7). The female spawning biomass in 2020 (SBao20) was 54% higher than at maximum sustainable yield
(MSY) level (SBumsy) (Tables 4). The annual fishing mortality (F) gradually increased in the late 1970s and 1980s
and suddenly dropped around 1990, after that it has been slightly decreasing (Fig. 8). The recent annual fishing
mortality (F20172019) was estimated to be well below Fuisy, at approximately 46% of Fusy. Therefore, relative to MSY,
the base-case model candidate with input parameter values considered most probable suggested that this stock is not
overfished, and overfishing is not occurring.

The annual age-0 recruits were stable over the assessment period and the number was maintained between
10 and 20 million (Fig. 9). The estimated stock-recruitment relationships had no clear correlation (0.06) and the
expected recruitment slightly increased as the spawning biomass increased (Fig. 10). The trends in the annual
recruitment deviations showed positive values in 1980s and 1990s and negative values after 2000 (Fig. 11). The annual
variance of the stock-recruitment relationships was shown in Fig. 12 and the bias adjustment used in the preliminary
base-case model fitted well to the variances. Overall, the fits to the sex-specific length composition data by fleet were
good (Fig. 13) and the estimated selectivity curves seemed reasonable in light of the size ranges of the catch for each
fleet (Fig. A1). The historical trajectories of stock status revealed that North Pacific blue shark had experienced some
level of depletion and overfishing in previous years showing that the trajectories moved through the orange
(overfishing) zone in the Kobe plots (Fig. 14). However, in the last three decades, the stock condition returned into
the Kobe green zone. By the standard terminology, this would indicate that the stock is not in an overfished state, and
that overfishing is not occurring.
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Table 1. Root mean squared error of abundance indices for each fleet. Two representative CPUEs for S5 and S6 were
used in the model fits to the data in the base-case model.

E:ISIEEZ Reference Code i\l]:;:]rb;zfd(?rfl RMSE (%)
S1 US_HW_DP 19 18.9
S3 TAIW_LG 17 53.7
S5 JPN_EARLY 18 7.7
S6 JPN_LATE 27 8.5
S7 JPN_RTV 27 353
S9 SPC_OBS_TROPIC 27 28.9
S10 MEX 17 25.2

Table 2. Root mean squared error of length composition data for each fleet.

Fishery Reference Code anber.Of RMSE (%)
number observation

Fl1 MEX 15 5
F3 CHINA 26 8.3
F4 JPN KK SH 13 9.8
F5 JPN KK DP 5 4.6
F7 JPN_ENY_DP 29 3.9
F8 JPN_LG_MESH_EARLY 5 8.9
F9 JPN_LG_MESH_LATE 12 9.6
F14 NON _ISC 19 18.5
F15 US_GIILL 31 11.7
F17  US_HW_DP 18 6.3
F18 US_HW_SH 17 17
F19 TAIW_LG 17 1.8
F20 TAIW_SM 9 3.1




Table 3. Log-likelihood profiles for RO for all data likelihood components. Bold denotes the minimum value of each
component.

Total Survey Length

Recruitment
likelihood composition

Log (R0)

8.75
8.85
8.95
9.05
9.15
9.25
9.35
9.45
9.55
9.65
Base case (9.66)
9.75
9.85
9.95

-76.21
-76.16
-76.10 115.34
10.05 -76.04 115.44
10.15 34.21 -75.96 115.52
10.25 34.81 -75.88 115.59

Table 4. Estimates of key management quantities for the base-case model.

No Manegment Quantity Unit Biizgzse
1 SBi971 MT 177,072
2 SBo20 MT 138,987
3 SBusy MT 90,166
4 MSY MT 54,183
5 Fio7 year'1 0.331
6 Fa017.2019 year'1 0.332
7 Fusy year'1 0.729
8 SB020/SBusy 1.541
9 Fao17.0019/Fupsy 0.457
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Figure 1. Annual index residuals by fleets from the runs test and “three-sigma limit” values. Green shaded area
indicates the residuals are randomly distributed (p-value > 0.05) and red shaded area indicates the residuals are not

randomly distributed and there is some misspecification. Two representative CPUEs for S5 and S6 were used in the
model fits to the data in the base-case model.
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not randomly distributed and there is some misspecification.
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Figure A1. Estimated selectivity curves for female (left panel) and male (right panel) for F1: MEX, F2: CAN and
F12:IATTC.
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Figure A2. Estimated selectivity curves for female (left panel) and male (right panel) for F3: CHINA and KOREA.
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Figure A3. Estimated selectivity curves for female (left panel) and male (right panel) for F4: JPN_KK SH and F6:
JPN_ENY SH.

17



T T T T
200 250 300 0 50 100 150 200

Length (cm) Length (cm)

Figure A4. Estimated selectivity curves for female (left panel) and male (right panel) for F5: JPN_KK DP.
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Figure AS5. Estimated selectivity curves for female (left panel) and male (right panel) for F7: JPN_ENY DP.
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Figure A6. Estimated selectivity curves for female (left panel) and male (right panel) for F8:
JPN_ LG MESH_EARLY.
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Figure A7. Estimated selectivity curves for female (left panel) and male (right panel) for F9:
JPN_ LG MESH_LATE and F10: JPN_CST OTH.
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Figure A8. Estimated sex-combined selectivity curves for F11: SM_MESH.
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Figure A9. Estimated selectivity curves for female (left panel) and male (right panel) for F14: NON_ISC.
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Figure A10. Estimated selectivity curves for female (left panel) and male (right panel) for F15: US_GILL and
US SPORT.
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Figure A11. Estimated selectivity curves for female (left panel) and male (right panel) for F17: US HW _DP.
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Figure A12. Estimated selectivity curves for female (left panel) and male (right panel) for F18: US HW_SH.
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Figure A13. Estimated selectivity curves for female (left panel) and male (right panel) for F19: TAIW_LG.
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Figure A14. Estimated selectivity curves for female (left panel) and male (right panel) for F20: TAIW_SM.
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