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Summary

We examined the stock-recruitment (S-R) relationship and the proposed reference points by
using the stock assessment data of this stock of 2019. We apply the weighted average model
of Ricker (RI) and Beverton-Holt (BH) S-R relationships to the S-R relationship of this stock.
We estimated parameters with the least squares method using the spawning biomass and
recruitment from 1982 to 2017 as estimated in the stock assessment, and estimated
simultaneously autocorrelation of residuals. Based on the S-R relationship, we propose SBmsy
(60 thousand tons), which is the spawning biomass that produces the maximum sustainable
yield (MSY), as the target reference point, and SB0.6msy (15 thousand tons), which is the
spawning biomass that produces 60% of MSY, as the limit reference point. We propose
SB0.1msy (1.7 thousand tons), which is the spawning biomass that produces 10% of MSY as
the fishing ban level. Fishing mortality that produces MSY (Fmsy) is 0.73 times of the current
fishing mortality (average fishing mortality during the period from 2016 to 2018).
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* Coefficient to multiply the current fishing mortality of each age when calculating the
proposed reference points and proposed fishing ban level based on the selectivity by age under
the current fishing mortality

**Actual catch in 2018

1.Stock-recruitment relationship
1-1) Data set to be used

In accordance with the "2020 Basic Guidelines for the Harvest Control Rules and the
Estimation of the Allowable Biological Catch (ABC) (FRA-SA2020-ABCWGO01-01)," we used
the following data set for settings of stock-recruitment (S-R) relationships of this stock. We
used R package frasyr (v2.01) for analysis. For detail of the equations used in frasyr, see
"Technical Note on Estimation of stock-recruitment relationship, reference point calculation
and future prediction simulation (2020 Research Institute Meeting Version) (FRA-SA2020-
ABCWG01-02)."

Data set Data source and research

. Marine fisheries stock assessment and evaluation for Japanese
Stock biomass / ) ) )
waters (fiscal year 2019/2020) (Fisheries Agency of Japaqn, Japan

spawning biomass . . .
Fisheries Research and Education Agency [FRA])

1-2) Examination of S-R relationship

We examined the scenarios that assume the hockey stick (HS) model, Ricker (RI) model and
Beverton-Holt (BH) model as the S-R relationship to be used for calculation of the spawning
biomass that produces the maximum sustainable yield (MSY) and future forecast (Appendix
1). We examined the least squares method and the least absolute value method as a candidate
for optimization. As data, we used the recruitment and spawning biomass during the period
from 1982 to 2017 as estimated by the stock assessment. We did not use the data of 2018
because the stock assessment of this year is highly uncertain. Examination results of the S-R
relationship are shown in Table 1. Because it is confirmed that the residuals of the recruitment
projected based on the S-R relationship from the observed values (values of the stock
assessment) were normally distributed, we used the least squares method for optimization
(Appendix 1).

Because high autocorrelation was found in the residuals in application of either of the S-R
relationships (Appendix 1), consideration of autocorrelation was deemed necessary. A
significant difference is found in the estimated autocorrelation coefficient between
simultaneous estimation of the parameters of the S-R relationship and autocorrelation
coefficient, and two-stage estimation where the autocorrelation coefficient is estimated after
the estimation of S-R relationship parameters (Appendix 1). When the difference in

autocorrelation coefficient is especially big between the two-stage estimation and the
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simultaneous estimation, it is recommended to use the result of the simultaneous estimation
after confirming the stability of the estimated parameters (Evaluation of estimation bias of
simultaneous estimation of the autocorrelation coefficient using simulation (FRA-SA2020-
BRPO01-6)). Accordingly, we used the simultaneous estimation method to obtain the
autocorrelation coefficient of this stock. However, as instability (existence of localized
solutions) was found in parameter estimation of the HS model (Appendix 2), we chose RI and
BH models as candidates of the S-R relationship (Appendix 1). The accuracy of parameter
estimation tends to be lower in the BH model compared with the RI model.

When we compared the corrected version of Akaike's information criterion (AICc) of the S-
R relationships of simultaneous estimation, AICc of the BH model was lower than that of the
RI model, but the difference was 1.80, which does not justify dismissal of the BH model (Table
1). However, in the RI model, a strong density effect was assumed in the range of the spawning
biomass that is larger than the past largest spawning biomass (Figure 1). The spawning biomass
that produces MSY greatly varied between the RI model and BH model (Appendix 3). For this
reason, in order to reflect the uncertainty of model selection of the S-R relationship as
uncertainty of reference points, we considered the S-R relationship averaging the RI and BH
models also as a candidate (Estimation of reference points using the model average of multiple
S-R relationships (FRA-SA2020-BRP01-8)). The model average was weighted with Akaike
weight (Burnham and Anderson 2002) calculated based on the AICc difference. The ratio of
the Akaike weight is: RI:BH = 0.71:0.29. For details of the calculation method and results of
model averaging, see "Estimation of reference points using model average of multiple S-R
relationships (FRA-SA2020-BRP01-8)."

1-3) S-R relationship

We evaluated the robustness of the three S-R relationships that are considered as candidate
models (the BH and RI models that estimate autocorrelation simultaneously, and the weighted
average model of them) against uncertainty and the influence of selection of a wrong S-R
relationship in each scenario (risk of decrease in catch and spawning biomass) by using
simplified Management Strategy Evaluation (MSE: Punt 2001) (Appendix 4). For the
calculation method of the simplified MSE, see "Comparison of robustness of multiple
reference points and examination of HCRs using simplified MSE (FRA-SA2020-BRP01-7)."
We implemented MSE of different combinations of the three S-R relationships as the S-R
relationship for calculation of the spawning biomass that produces MSY and the true S-R
relationship. The results are: in comparison with adopting either the RI or BH model, which
have widely varying S-R relationships, the weighted average model had an intermediate value
of the risk of decrease in the spawning biomass, and the catch of this model did not fall greatly
when control started. For these reasons, we adopt the weighted average model of the BH and
RI models where autocorrelation is estimated simultaneously as the S-R relationship of this
stock and use the model for calculation of the spawning biomass that produces MSY (SBmsy)

and future projection (Figure 1). However, because estimation of parameters of the BH S-R
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relationship is not accurate enough, we also assessed the uncertainty of reference points when
the weighted average model is used.

For calculation of reference points, the F value is changed variously and simulation is made
up to equilibrium with each F value to explore the Fmsy with which the average catch is the
maximum. This simulation is to be conducted 10,000 times, of which 7,100 times are for the
RI model and 2,900 times are for the BH model for the weighted average model according to
the ratio of Akaike weight (RI:BH = 0.71:0.29) (FRA-SA2020-BRP01-8). Estimates of the
parameters of the S-R relationship are shown in Appendix 1 (Appendix Table 1-1) and the
relationship between the spawning biomass and the observed value of recruitment is shown in
Figure 1. We assumed a lognormal distribution for error distribution of recruitment and used
the standard deviation of log residuals (S.D.; Table 1) between the predictive value and
observed value of the S-R relationship ("Technical Note on Estimation of the stock-recruitment
relationship, reference point calculation and future prediction simulation (FRA2020-
ABCWGO01-02)").

2. Reference points
2-1) Data sets and calculation method

We conducted the calculation of spawning biomass that produces MSY and future prediction
according to the rules set for the one-stock biomass of the 2020 Basic Guidelines for the
Harvest Control Rules and the Estimation of the Allowable Biological Catch (ABC) and using
the S-R relationship presented in 1-3) above and the settings (natural mortality; maturity rate;
average body weight at age, etc.) used for the future projection calculation in the Marine
fisheries stock assessment and evaluation for Japanese waters (fiscal year 2019/2020; Fisheries
Agency of Japaqn and FRA). For the S-R relationship, we used the weighted average model of
the RI and BH S-R relationships, which is proposed in 1-3). Here, the current fishing mortality
(Fcurrent; Figure 2) is the average of fishing mortality (F) during the period from 2016 to 2018
(Table 2). For this stock, assuming equilibrium after the simulation years (45.8 years) that are
20 times as long as the average generation time (2.92 years), we set the F value that maximizes
the average catch to Fmsy and the average spawning biomass at the equilibrium when fishing

is conducted at Fmsy to SBmsy. We used R Package frasyr (v1.20) for analysis.

2-2) Proposed reference points and fishing ban level

We propose the spawning biomass that produces MSY (SBmsy: 60 thousand tons) as the
target reference point (SBtarget) of this stock; the spawning biomass that promises 60% of
MSY (SB0.6msy: 15 thousand tons) as the limit reference point (SBlimit); and the spawning
biomass that produces 10% of MSY (SBO.1msy: 1.7 thousand tons) as the fishing ban level.

The ratio of the reference points and the fishing ban level to the initial spawning biomass
assuming zero catch (SBO), average catch at equilibrium under the corresponding fishing
mortality, %SPR-converted fishing mortality, exploitation rate and the ratio to the current

fishing mortality are shown in Table 3. SBmsy, which is proposed as the target reference point
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(60 thousand tons) is equivalent to 29% of SBO and the average catch expected with this
spawning biomass (MSY) is 38 thousand tons. The ratio of the fishing mortality corresponding
to the proposed target reference point (fishing mortality that produces MSY: Fmsy) to the
current (2016 to 2018) fishing mortality (Fmsy/Fcurrent) is 0.73 and the exploitation rate
(Umsy) in this case is 35%. SB0.6msy, which is proposed as the limit reference point
corresponds to 8% of SBO. The ratio of the fishing mortality corresponding to SB0.6msy to the
current fishing mortality is 1.50 and the corresponding exploitation rate is 50%. The average
catch expected at SB0.6msy is 23 thousand tons. SBO.1msy, which is proposed as the fishing
ban level, corresponds to 1% of SBO, and the average expected catch is 3.8 thousand tons.
Average spawning biomass at equilibrium when F is changed variously and the corresponding
average catch at age are shown in Figure 3. There is a tendency that the higher the stock status
of the spawning biomass, the higher the ratio of older fish in catch is on average.

However, as shown in the document (FRA-SA2020-BRP01-8), we need to pay attention to
the fact that SBmsy can vary in the range of 4.9 thousand to 7.6 thousand tons and the fishing
mortality that produces MSY can vary in the range of 0.64 to 0.80 of the current fishing
mortality (Fcurrent), depending on the handling of data.

2-3) Proposed target reference point and exploitation rate

The proposed target reference point (SBtarget) and Kobe plot that is based on the fishing
mortality (Fmsy) or exploitation rate (Umsy) corresponding to the proposal are shown in
Figure 4. It is judged that the fishing mortality of this stock has been over the MSY level,
excluding in 2012. The exploitation rate is also judged to have been over the MSY level,
excluding in 2012 and 2016. Current spawning biomass (23 thousand tons in 2018) is below
the proposed target reference point. The ratios of the proposed target reference point, the
proposed limit reference point and the proposed fishing ban level to the current spawning

biomass are 2.61, 0.65 and 0.07, respectively.

2-4) Proposed harvest control rules

The proposed harvest control rules (HCRs) are rules to change fishing mortality (F), which
is the basis of harvest control at the threshold of spawning biomass, for which the proposed
limit reference point and the proposed fishing ban level are to be used. In this rule, when
spawning biomass falls below the proposed limit reference point, fishing mortality is lowered
directly to the proposed fishing ban level. The upper limit of F is obtained by multiplying Fmsy
by B that is proposed by the HCRs. Figure 5a shows the relationship between spawning biomass
and fishing mortality in the proposed HCRs, while Figure 5b shows the relationship between
spawning biomass and average prospective catch under the same condition. All proposed HCRs

illustrated in the figure use the standard value 0.8 for B.

2-5) Future projection based on the proposed HCRs
(1) When safety coefficient f is set to the standard value
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Percentage changes of stock biomass, spawning biomass, catch, recruitment and fishing
effort when future projection is made based on the proposed HCRs that use standard values for
the proposed limit reference point and proposed fishing ban level, and set B to 0.8 (Figure 5)
are shown in Figure 6. For the future projection based on the weighted average model,
simulation is conducted 10,000 times, of which 7,100 times are for the RI model and 2,900
times are for the BH model according to the ratio of Akaike weight (FI:BH = 0.71:0.29) (FRA-
SA2020-BRP01-8). This future projection assumes that fishing based on the proposed HCRs
starts in 2021 and catch of 2019 and 2020 are assumed based on the predicted biomass and
Fcurrent.

Because the spawning biomass in 2021 is below the proposed target reference point and
above the proposed limit reference point, fishing will be conducted at BFmsy based on the
proposed HCRs. When f is set to 0.8, the fishing mortality 0.8Fmsy corresponds to the fishing
mortality that decreases the current fishing effort by 42%. As a result, the catch in the first
year after introducing the proposed HCRs would be lower than the catch of fishing at Fcurrent.
The probability that the spawning biomass will exceed the proposed target reference point will
become 51% in 2027 and the spawning biomass is expected to continue to increase also after
that.

(2) When safety coefficient f is changed

In the future projection based on the proposed HCRs that use standard values for the
proposed limit reference point and proposed fishing ban level, the probability for spawning
biomass to exceed the proposed target reference point, probability of its exceeding the
proposed limit reference point, probability of its exceeding the proposed fishing ban level, and
changes in the average spawning biomass and average catch when B is changed between 0.0
and 1.0 are shown in Tables 4 to 8. The spawning biomass of this stock is projected to increase
in 2021 and after with every value of B. When B is set to 0.8 and under, the probability of
recovery to the proposed target reference point will exceed 50% in 2027. When B is set to 0.9,
the probability of recovery to the proposed target reference point is 48% in 2031, 10 years
after starting fishing based on the proposed HCRs, and 52% in 2041. The probability of
maintaining the proposed limit reference point will exceed 95% in 2023 and after for every
value of B.

As the S-R relationship of this stock, we applied the weighted average model of the BH and
RI models with simultaneous estimation of autocorrelation in 1-3). This assumes that the true
S-R relationship is either the BH or RI model. Therefore, we implemented simplified MSE
with varying B values in order to assess the influence when the true S-R relationship is not the
weighted average model (Appendix 4). The result suggests that, when the catch is calculated
with the reference points based on the S-R relationship of the weighted average model and the
proposed HCRs that are based on the calculation, and when fishing is continued according to
the calculated catch but the true S-R relationship is the BH model, it is necessary to lower B to

0.6 in order to achieve the true proposed target reference point after 10 years with a probability
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0f 50% or higher. On the other hand, if the true S-R relationship is the RI model, the true target
control point can be achieved with B set to 0.9. However, the result of MSE with weighted
averaging with 0.7 for the RI model and 0.3 for the BH model shows that the proposed target
reference point will be reached after 10 years with a probability of 50% or higher when B is

set to 0.8 and lower.

3. Summary

As the S-R relationship of this stock, we apply the S-R relationship where the Rl and BH
models with simultaneous autocorrelation estimation using the least squares method for
optimization are weight-averaged according to Akaike weight.

Parameters of the S-R relationship are estimated based on the recruitment and spawning
biomass of the 1982-2017 period as estimated by the stock assessment.

We propose SBmsy estimated based on the S-R relationship above as the target reference
point, SB0.6msy as the limit reference point and SB0.1msy as the fishing ban level. The fishing
mortality that produces MSY is 0.73 times Fcurrent. However, the uncertainty of the reference
points is high.

The current spawning biomass of this stock is considered to be lower than the proposed
target reference point. In the future projection based on this proposed target reference point, it
is projected that the probability of exceeding the proposed target reference point 10 years after
the application of the proposed HCRs is 50% or higher with B set to 0.8 and lower.

As described below, it is assumed that this stock includes the stock migrating from the East
China Sea, but, because spawning biomass and recruitment have been estimated by separating

this stock from Tsushima Warm Current stock, examination in this material is made accordingly.

4. Future considerations

It is thought that stocks born in the East China Sea migrate and join this stock with yearly
fluctuation. However, because quantitative assessment of the stock migrating from the East
China Sea is difficult at the present stage, we assume S-R within the Pacific stock for the S-R
relationship of this stock in this material. We handled this introduction as part of yearly
fluctuation of recruitment by considering autocorrelation (effect of recruitment that is better
or worse than the expectation from the S-R relationship for a certain period) in estimation of
the S-R relationship. However, because autocorrelation does not explicitly consider the
influence of introduction, it is necessary to continue to work on quantitative assessment of
migrating stock. It is important to pay close attention to the stock trend while implementing
management of this stock based on the S-R relationship applied in this material.

In recent years, recruitment of this stock has been extremely low. In the future projection of
the weighted average model, the median of the residuals of recruitment is negative up to around
2023 due to a high autocorrelation coefficient but will come close to 0 year by year (Appendix
5). For this reason, we can say that the low recruitment in recent years is considered in

calculation of the catch in 2021. It is difficult to predict the possibility that recruitment will



FRA-SA2020-BRP01-3

continue to be low after that year. However, if the low recruitment level continues further, it
will take many years for the spawning biomass to reach the spawning biomass that produces
MSY and the low catch period will also be long (Appendix 6). For this reason, it is necessary

to continuously assess the level of recruitment.
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Figure 1. Median of the averaged S-R relationship (black solid line) and the 90% confidence

interval (grey area)
The confidence interval of the averaged S-R relationship is the area of the 5th to 95th
percentile when recruitment is generated with random error based on the expected values of
the RI model (the thick green line represents the median; the thin green line represents the
90% confidence interval) and the BH model (the thick red line represents the median; the
thin red line represents the 90% confidence interval) and samples of recruitment are taken
based on Akaike weight (FRA-SA2020-BRP01-8).
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Figure 2. Fishing mortality (F) at age
F at age of each year from 2012 is shown in different colors. The black line represents the

Fcurrent that is the average F of the period from 2016 to 2018.
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Figure 3. Relationship of the proposed reference points / fishing ban level with curves of catch

at age

The figure shows the average catch at age corresponding to the average spawning biomass,

and the relationship between the proposed reference points and fishing ban level at

equilibrium in the future projection simulation. The red line represents changes in the

spawning biomass and catch, which are estimated by the stock assessment, while the green

line represents changes in the average

spawning biomass and average catch in the future

projection when fishing is conducted based on the proposed HCRs. Safety coefficient § used

in the proposed HCRs is 0.8. The initial spawning biomass assuming no catch (SBO0) is 204

thousand tons. Part of the past spawning biomass and catch are outside the scope (maximum

values: spawning biomass: 64 thousand tons; catch: 83 thousand tons).
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b) When the vertical axis is the ratio of the exploitation rate (U/Umsy)
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Figure 4. Kobe plot (four sections)
When the ratio of fishing mortality is put on the vertical axis (upper figure) and when the
ratio of exploitation rate is put on the vertical axis (lower figure). For the proposed target
reference point (SBtarget), limit reference point (SBlimit) and fishing ban level (SBban) in
the figures, we used SBmsy, SB0.6msy and SB0.1msy, respectively.

a) When the vertical axis is fishing mortality
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Figure 5. Proposed HCRs

The proposed target reference point (SBtarget) is SBmsy, which is calculated based on the

S-R relationship applied to this stock. Standard values are used for the proposed limit control
point (SBlimit) and the proposed fishing ban level (SBban). For safety coefficient B, we
used 0.8, which is the standard value. The black dashed line represents Fmsy; the grey
dashed line represents 0.8Fmsy; the black thick line represents the proposed HCRs; the red
dashed line represents the proposed fishing ban level; the yellow dashed line represents the

proposed limit reference point and the green dashed line represents the proposed target
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reference point. a) is when the ratio of fishing mortality is put on the vertical axis, while b)
is when the catch is put on the vertical axis. Regarding b), the catch varies a little depending
on the age composition of the fishing year but here we show the catch of average age

composition at equilibrium.
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Figure 6. Comparison of the future projection based on the proposed HCRs (in red) with the
future projection that assumes continued fishing at the current fishing mortality level (in green)

The thick solid line, shaded area and thin lines represent average value, the 90% prediction
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interval that includes 90% of the simulation results and three future projection examples,
respectively. In the figure of spawning biomass, the green dashed line represents the
proposed target reference point, the yellow dotted line represents the proposed limit
reference point and the red line shows the proposed fishing ban level. The dashed line in the
figure of catch shows MSY, while the dashed line in the figure of exploitation rate shows
Umsy. The catch in 2019 and 2020 are assumed based on the projected stock biomass and
Fcurrent, while the catch in 2021 and after is based on the proposed HCRs (Figure 5). Safety

coefficient B is set to 0.8

Table 1. Candidates for S-R relationship

MM Rl(E o Alce aaice S sp Fosm
v h—E B/ FE FEE 272 0 NA 1 0306 36
T ',_f,j? T g AR 274 0300 36
A= hredV M BN TRE AR 290 00 NA 3 0315 36
A PEBIAR S-R relationship
AL T Optimization method
H C.FH B Autocorrelation
AAICc DJIARL Order of AAICc
T — 28 Data quantity
U J3— Ricker
Ry lr— e A7 4 v 78 Hockey stick
NN — h e RV R Beverton and Holt
/D RE Least squares method
[F] Ff Simultaneous

The S-R relationships to be applied are in bold face. S.D. is an index expressing magnitude of
dispersion of recruitment, which is the standard deviation of log residuals (square root of mean

square error).

Table 2. Settings used for calculation of the spawning biomass that produces MSY and future

projection
A BRTEL —_ THER S BUR OO W B
il ¥ P (2 TR (Feurrent)
0 05 0.0 40 0.524 0.549
1 0.5 0.5 106 0.749 0.785
2 0.5 1 224 1000 1.049
3R 0.5 1 404 1.000 1.049
A lin Age
R/ A Natural mortality
il AR Maturity rate
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NS Average body weight
R Selectivity

LR D & Current fishing mortality
3L B Age 3 and above

Table 3. Catch, fishing mortality, etc. corresponding to the proposed reference points and

fishing ban level

RIEE
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HEERETE o5 oo 60 029 38 %% om 0.73
| = #
ARERETER B0 6msy 15 008 93 "% g0 1.50
iR AIER SB0.1msy 17 001 38 005 057 2.00
MSY %5925 (07%. 17%, 2%, 3mLl L)
BIEE ey = (0.40, 0.57,0.76. 0.76)
ALV 22 AR RO S Proposed reference points or fishing ban level
. B Explanation

s (Thy)

Spawning biomass (thousand tons)

SBO (Z%}3 5 bt

Ratio to SBO

R (T hy)

Catch (thousand tons)

T Fishing mortality

TR A Exploitation rate

BUR ORIEE IS4 2 F/Fcurrent

EREE-SuIP SIES Proposed target reference point
PR 578 B L VE A 22 Proposed limit reference point
ERRUKHESR Proposed fishing ban level

MSY % LB 5 T

Fishing mortality that produces MSY

(0 7%, 1 5%, 2 7%, 3 W LA E) =(0.40,0.57,
0.76, 0.76)

(Ages 0, 1,2, 3 and above) = (0.40, 0.57, 0.76,
0.76)

* Ratios of the proposed reference points and fishing ban level to the initial spawning biomass
assuming zero catch (SBO)

** Average catch at equilibrium under the fishing mortality corresponding to the proposed
reference points and fishing ban level

*** 065SPR-converted value of fishing mortality corresponding to the proposed reference points
and fishing ban level

**** Exploitation rate corresponding to the proposed reference points and fishing ban level
***%* Ratios of the fishing mortality corresponding to the proposed reference points and

fishing ban level to the current fishing mortality
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Table 4. Probability for future spawning biomass to exceed the proposed target reference point

The table shows the results of the future projection based on the proposed HCRs (Figure 5)

when safety coefficient B is changed from 0.0 to 1.0 in 0.1 intervals. The projection assumes
Fcurrent catch for 2019 and 2020 and a catch corresponding to the proposed HCRs for 2021

and after.

(%)
B 2019 2020 2021| 2022| 2023| 2024] 2025| 2026| 2027| 2028 2029| 2030{ 2031| 2041| 2051
1.0 0 0 0 1 8| 17| 24 28 32 34 36 38| 39| 42 43
09 0 0 0 1 11 23| 32| 37 41 43 46 47| 48| 52| 52
0.8 0 0 0 2 15 30| 41 47| 51| 53| 56 57| 57| 62| 62
0.7 0 0 0 3 21 39| 51| 57| 61 63| 65| 66| 67| 71 71
06 0 0 0 4 27| 49 62 68 70 72 74 75| 76 79 79
05 0 0 0 6 34 59| 72 78 79 80 82| 83| 84 86 86
0.4 0 0 0 8 42] 68| 82 86 86 87| 88| 89| 90| 91 92
0.3 0 0 0 10 50| 7| 88 92 92 92 93| 94| 94 96 95
02 0 0 0 12 58| 85 94 96 96 96| 96| 97| 97| 98 98
0.1 0 0 0 15 66 91 97 99 99 98| 98| 99| 99 99 99
0.0 0 0 0 19 74 95| 99| 100 100 100 99| 100| 100| 100 100

Table 5. Probability for future spawning biomass to exceed the proposed limit reference point

The table shows the results of the future projection based on the proposed HCRs (Figure 5)

when safety coefficient B is changed from 0.0 to 1.0 in 0.1 intervals. The projection assumes
Fcurrent catch for 2019 and 2020 and a catch corresponding to the proposed HCRs for 2021

and after.
(%)

B 2019| 2020| 2021] 2022| 2023| 2024| 2025| 2026/ 2027| 2028 2029 2030| 2031 2041| 2051
1.0 100 95 74| 91 95 96 97| 98| 98| 98| 99| 99| 99 99 99
0.9 100 95 74 94 97| 98| 99| 99| 99| 99| 99| 99| 99 100 100
0.8 100 95 74 96 98| 99 99| 100 100 100| 100| 100/ 100 100 100
0.7 100 95 74 97| 99 100 100 100 100 100| 100| 100 100 100 100
0.6 100 95 74 98| 100 100 100| 100 100 100| 100| 100/ 100 100 100
0.5 100 95 74 99 100 100 100 100 100 100| 100| 100 100 100 100
0.4 100 95 74 99| 100 100 100 100 100 100| 100| 100 100 100 100
0.3 100 95 74 99 100 100 100| 100 100 100| 100| 100/ 100 100 100
0.2 100 95 74 100 100 100 100 100 100 100| 100| 100 100 100 100
0.1 100 95 74 100 100 100 100 100 100 100| 100| 100 100 100 100
0.0 100 95 74 100 100 100 100| 100 100 100| 100 100/ 100 100 100

Table 6. Probability for future spawning biomass to exceed the proposed fishing ban level

The table shows the results of the future projection based on the proposed HCRs (Figure 5)

when safety coefficient B is changed from 0.0 to 1.0 in 0.1 intervals. The projection assumes
Fcurrent catch for 2019 and 2020 and a catch corresponding to the proposed HCRs for 2021

and after.
(%)
B 2019 2020f 2021 2022 2023 2024 2025 2026| 2027 2028| 2029 2030 2031 2041
1.0 100 100 100 100 100 100 100 100 100 100 100 100 100 100
0.9 100 100 100 100 100 100 100 100 100 100 100 100 100 100
0.8 100 100 100 100 100 100 100 100 100 100 100 100 100 100
0.7 100 100 100 100 100 100 100 100 100 100 100 100 100 100
0.6 100 100 100 100 100 100 100 100 100 100 100 100 100 100
0.5 100 100 100 100 100 100 100 100 100 100 100 100 100 100
0.4 100 100 100 100 100 100 100 100 100 100 100 100 100 100
0.3 100 100 100 100 100 100 100 100 100 100 100 100 100 100
0.2 100 100 100 100 100 100 100 100 100 100 100 100 100 100
0.1 100 100 100 100 100 100 100 100 100 100 100 100 100 100
0 100 100 100 100 100 100 100 100 100 100 100 100 100 100
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Table 7. Changes in future average spawning biomass

FRA-SA2020-BRP01-3

The table shows the results of the future projection based on the proposed HCRs (Figure 5)

when safety coefficient B is changed from 0.0 to 1.0 in 0.1 intervals. The projection assumes
Fcurrent catch for 2019 and 2020 and a catch corresponding to the proposed HCRs for 2021

and after.
(Fhe)

B 2019] 2020] 2021 2022] 2023| 2024] 2025] 2026] 2027) 2028| 2029 2030| 2031 2041] 2051
1.0 19 18 19 27 34 41 46| 50 52 54 56 57 57 60 60
00 | 19| 18] 19| 28] 38 46 52 56 59 61 62 63 64 66| 67
0.8 19 18 19 30 41 51 58] 63| 65| 68| 69 71 71 74 74
07 | 19| 18] 19| 31 45 57 65 70| 73 75 71 79 80| 82 82
06 | 19 18] 19| 33 49| 64| 73| 78 82 84 81 88 89 92 92
05 | 19| 18] 19| 35 54 71 82 88 o1 o4 o7 09 100] 103] 103
04 | 19] 18] 19| 37| 59| 80| 93] 98 102 106 109 112 113] 116| 116
0.3 19 18 19 39 65) 90| 105| 111) 114| 119] 123| 127/ 128 131] 132
02 | 19| 18] 19| 1] 72| 101] 119] 125 129 134] 140] 145] 147| 150| 151
01 | 19| 18] 19| 43] 79 114| 135 143] 146] 152 160| 167 170 173 174
0 10| 18] 19| 46] 87| 120| 155 164] 168] 174] 184] 194 199 204 205

(Thousand tons)

Table 8. Changes in future average catch

The table shows the results of the future projection based on the proposed HCRs (Figure 5)

when safety coefficient B is changed from 0.0 to 1.0 in 0.1 intervals. The projection assumes
Fcurrent catch for 2019 and 2020 and a catch corresponding to the proposed HCRs for 2021

and after.
(FF)
B 2019] 2020 2021| 2022| 2023 2024| 2025] 2026| 2027| 2028| 2029 2030, 2031 ZO41| 2051
10 | 17] 11| 15| 20| =24 28| 31 32| 34 35 36 36| 36| 38 38
09 17] 17 14 19 24 28 31 32 34 35 36 36 36 38 38
0.8 17| 17 12 18 23 20 30 32 33 34 35 36 36 37 37
0.7 17] 17 11 17 22 27 30| 31 33 34 34 35 35 36 36
0.6 17| 17 10 15 21 26 28 30 31 32 33 33 34 34 35
0.5 17| 17 8| 14 19 24 217 28 29 30 31 31 32 32 32
0.4 17| 17 1 12 17 21 24 25 26 27 28 28 29 29 29
0.3 17| 17 5 10 14 18 20| 22 22| 23 24 24 25 25 25
0.2 17| 17 4 7 10 14| 16| 16 17 18 18 19 19 19 19
0.1 17| 17 2 4 6 8 9 9 10 10 11 11 11 11 11
0 17| 17 0 0 0 0| 0| 0 0 0 0 0 0 0| 0

(Thousand tons)

Table 9. Summary of the projected spawning biomass, catch and the probability for spawning

biomass to exceed the proposed reference points

The table shows the results of future projection when safety coefficient B is changed from

0.0 to 1.0 in 0.1 intervals.
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10 4% s 10 4%

10 4E4% (2031 4F) ogg:“_ : Hf . 1 F;‘ﬁ“ (2031 4F)

(2031 [P TN : ‘ﬁi;& gfi‘:‘fﬁl;ﬁ G)(ig’};;% E e

S lm ov | pmgan | TR | STRIVE ) STRE g

Wl | EEELE E f) f) f) EEEY Lk
[al 5 e Ia 2 e
1 57 39% 15 3 36 99%
0.9 64 48% 14 32 36 99%
0.8 71 57% 12 3 36 100%
0.7 80 67% 11 31 35 100%
0.6 89 76% 10 30 34 100%
0.5 100 84% 8 28 32 100%
0.4 113 90% 7 25 29 100%
0.3 128 94% 5 22 25 100%
0.2 147 97% 4 16 19 100%
0.1 170 99% 2 9 11 100%
0 199 100% 0 0 0 100%

10 1% (2031 ) O F¥ B &

Average spawning biomass after 10 years (2031)

10 4% (2031 &) ([CHlMmmn B
BHULHEE R & E ] D R

Probability for spawning biomass to exceed the

proposed target reference point after 10 years (2031)

0 ££1% (2021 £8) O FHIAE & (T
k)

Projected catch (thousand tons) after 0 years (2021)

5 H1% (2026 ) O T HEEE (T
~)

Projected catch (thousand tons) after 5 years (2026)

10 % (2031 ) O THIAE
(Fh~y)

Projected catch (thousand tons) after 10 years (2031)

10 4£1% (2031 4F) ICHAENRR
BHULHEE R & E ] D R

Probability for spawning biomass to exceed the

proposed limit reference point after 10 years (2031)
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Appendix 1. Diagnosis result of S-R relationship models

As an S-R relationship candidate of Japanese jack mackerel Pacific stock to be used for
calculation of the spawning biomass that produces MSY and future projection, we chose HS
(Clark et al., 1985), BH (Beverton and Holt 1957) and RI (Ricker 1954) S-R relationships.

Mathematical equations of the respective S-R relationships are as follows:

ab ifB, > b Hock ek HS
{aBy ifg, <p (Hockeystick HS)
_ B
Ry = (li—lley) (Beverton Holt, BH)

aB, exp(—bB,) (Ricker, RI)

Here, Ry represents recruitment in year y and By represents the spawning biomass of year y. In
all S-R relationships, two parameters - a and b - are estimated. In the case of the HS model,
parameter a represents the steepness (individual/ton) of the S-R curve from the origin to the
break point, while b represents the spawning biomass (thousand tons) at the break point. When
examining the S-R relationship, we also calculated the residual standard deviation (s.d.) of the
recruitment from the estimated S-R curve.

We chose the least squares method and the least absolute value method as a candidate for
optimization and examined the normality of residuals against the S-R relation models with a
Shapiro-Wilk test. Because significant deviation was not found in any S-R relationship, we
used the least squares method for optimization (Appendix Figures 1-1a, b and c). Residual
trend and autocorrelation plot when the S-R relationship is applied using the least squares
method is shown in Appendix Figure 1-2. Because a trend is found in time series of residuals
with assumption of any of the S-R relationships, and the autocorrelation coefficient is
significant as it does not fall within the 95% confidence interval up to a 3 to 5-year lag, it is
deemed that we need to consider autocorrelation for this stock. There was a big difference in
estimated autocorrelation coefficient between the simultaneous estimation and the two-stage
estimation (for example, p of inside of the RI model is 0.81 with the simultaneous estimation
while it was 0.43 with the two-stage estimation. Appendix Table 1-1). When the difference of
p is especially big between the two-stage estimation and the simultaneous estimation, it is
recommended to adopt the result of simultaneous estimation after confirming the stability of
estimated parameters (FRA-SA2020-BRP01-6). Accordingly, we used the simultaneous
estimation method to obtain autocorrelation coefficient of this stock. However, estimated
parameter values greatly varied in the HS model but multiple local solutions with similar
likelihood were found (Appendix 2). For this reason, we adopted RI and BH models as
candidate models of the S-R relationship.

When we compared the corrected version of AICc of the S-R relationships that use
simultaneous estimation method, the difference between the RI and BH models was not
significant (Table 1). The RI model shows an assumption of a strong density effect when the
spawning biomass is large. The tendency greatly varies from that of the BH model (Appendix
Figure 1-3a,b). The difference is also big in the spawning biomass that produces MSY, which
is calculated based on the respective S-R relationship (Appendix 3).
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Based on the result of Jack Knife examination of individual data’s influence on the RI and
BH S-R relationships where autocorrelation is estimated simultaneously, it was judged that the
mode of the S-R relationship was susceptible to change in both the models when data of 1993
(the year of the highest recruitment) is removed (Appendices Figures 1-4 and 1-5). We also
conducted residual bootstrapping. In the RI model, the point estimates of a and b were
consistent with the bootstrap median, but the confidence intervals of sd and autocorrelation
coefficient rho are somewhat wide and the bootstrap median is slightly lower than the point
estimates (Appendix Figure 1-6). Curves with extremely different shapes were not found
(Appendix Figure 1-7). In the BH model, sometimes a and b that are greatly different from the
point estimates are estimated (Appendix Figure 1-6). There were extreme results, including
constant recruitments and recruitments proportionate to the spawning biomass (Appendix
Figure 1-7). When we calculated profile likelihood, the confidence interval of the RI model
was narrow, whereas the confidence interval of parameters was wide in the BH model

(Appendix Figure 1-8).

Appendix Table 1-1. Parameter estimates in the S-R relationships used for calculation of the

spawning biomass that produces MSY

fEk B8c

PHEEBFRA i~ . s a b SD. Rho AICc
Y »Hi— (RD :ﬁ%‘;& A Gl 0.0588  2.58X10° 0306 0.805 272
;;: ]\(B/H) :%%‘:E " G5 0.0667  5.11x10°  0.315  0.698 29.0
i:;?HS)ZT ff;(% H R 00273 39200 0309 0635 274
U wd— (RD f;(} o B 00251 3.67<10° 0329 0429 302
1\;1,7 I(B/H) i;(} H BB 00251 516+107 0329 0429 302
1;;}_(1{5)27 fz;% H OB 00253 54500 0318 0474 276
AR PE BIAR G S-R relationship
AT Optimization method
H CFH B Autocorrelation
HEE 1A Estimation method
U v #— (R Ricker (RI)
_N— kv - FB v~ (BH) Beverton-Holt (BH)
Rylr—+ A7 4 v 27 (HS) Hockey stick (HS)
/b RS Least squares method
25l Yes
[&] B¢ Simultaneous
e Two-stage

The S-R relationships to be applied are in bold face. S.D. is an index expressing magnitude of

dispersion of recruitment, which is the standard deviation of log residuals (square root of mean
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square error).
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When autocorrelation is estimated in two stages in the HS model (least squares method)

* Residuals of the S-R relationship
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When autocorrelation is estimated simultaneously in the HS model (least squares method)

+ Residuals of the S-R relationship when autocorrelation is removed
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Appendix Figure 1-1a. HS S-R relationship: Histogram of standardized residuals and result of

normality test (left); Histogram of cumulative probability density of errors (center); and QQ

plot assuming uniform distribution (right)

When autocorrelation is estimated in two stages, the residual distribution of the S-R

relationship and residuals in estimation of autocorrelation are shown. When autocorrelation

is estimated simultaneously, the residual distribution of the S-R relationship where

autocorrelation is removed is shown. The upper-right numbers of the residual distribution

chart represent the results of a Shapiro-Wilk test (SW) and Kolmogorov-Smirnov test (KS)
(both are based on a null hypothesis of "normally distributed"). The red line of the QQ plot

represents theoretical value.

When autocorrelation is estimated in two stages in the RI model (least squares method)

* Residuals of the S-R relationship
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When autocorrelation is estimated simultaneously in the RI model (least squares method)

* Residuals of the S-R relationship when autocorrelation is removed
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Appendix Figure 1-1b. RI S-R relationship: histogram of standardized residuals and the result

of normality test (left); Histogram of cumulative probability density of residuals (center) and;

QQ plot assuming uniform distribution (right)
When autocorrelation is estimated in two stages, the residual distribution of the S-R
relationship and residuals in estimation of autocorrelation are shown. When autocorrelation
is estimated simultaneously, the residual distribution of the S-R relationship where
autocorrelation is removed is shown. The upper-right numbers of the residual distribution
chart represent the results of a Shapiro-Wilk test (SW) and Kolmogorov-Smirnov test (KS)
(both are based on a null hypothesis of "normally distributed"). The red line of the QQ plot

represents theoretical value.

When autocorrelation is estimated in two stages in the BH model (least squares method)
+ Residuals of the S-R relationship
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When autocorrelation is estimated simultaneously in the BH model (least squares method)

e

Residuals of the S-R relationship when autocorrelation is removed
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Appendix Figure 1-1c. BH S-R relationship: Histogram of standardized residuals and result of

normality test (left); Histogram of cumulative probability density of residuals (center) and;

QQ plot assuming uniform distribution (right)

When autocorrelation is estimated in two stages, the residual distribution of the S-R
relationship and residuals in estimation of autocorrelation are shown. When autocorrelation
is estimated simultaneously, the residual distribution of the S-R relationship where
autocorrelation is removed is shown. The upper-left numbers of the residual distribution
chart represent the results of a Shapiro-Wilk test (SW) and Kolmogorov-Smirnov test (KS)
(both are based on a null hypothesis of "normally distributed"). The red line of the QQ plot

represents theoretical value.

When autocorrelation is estimated in two stages in the HS model (least squares method)
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When autocorrelation is estimated simultaneously in the HS model (least squares method)
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When autocorrelation is estimated simultaneously in the RI model (least squares method)
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Appendix Figure 1-2. HS and RI S-R relationships:
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Time-series trend of standardized residuals

(left); Correlogram (center); and P value of Ljung-Box test (right)

In the figure of time series of standardized residuals, the red line expresses a smoothed curve

and the vertical blue dotted line represents the switching points of the S-R relationship. The

blue dotted lines in the correlogram express the 95% confidence interval. The blue dotted

line in the figure of P value of Ljung-Box test expresses the 5% level.

When autocorrelation is estimated in two stages in the BH model (least squares method)
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When autocorrelation is estimated simultaneously in the BH model (least squares method)
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Appendix Figure 1-2 (continued). BH S-R relationship: Time-series trend of standardized

residuals (left); Correlogram (center); and P value of Ljung-Box test (right)

In the figure of time series of standardized residuals, the red line expresses a smoothed curve
and the vertical blue dotted line represents the switching points of the S-R relationship. The
blue dotted lines in the correlogram express the 95% confidence interval. The blue dotted

line in the figure of P value of Ljung-Box test expresses the 5% level.
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HSL2 — B[t Two-stage HSL2
RIL2 — B[ Two-stage RIL2

Appendix Figure 1-3a. S-R relationship of each model
We applied the HS, RI and BH S-R relationships to the model that estimates autocorrelation
in residuals in two stages (same as the model that does not consider autocorrelation) and the
model with simultaneous estimation, by using the least squares method (L2) in both cases.
The BH and RI S-R relationships that estimate autocorrelation in two stages showed a linear
relationship and overlap. The black circles represent the spawning biomass and recruitment
(1982-2017) used for the analysis.

(BRE)
-
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=
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..r_.||_' /-l'\. =

MARE (G5 R) Recruitment (million individuals)
Hasw () Spawning biomass (tons)

Appendix Figure 1-3b. The S-R curve of the RI model (upper figure) and BH model (lower
figure) and the recruitment when the autocorrelation part projected in the S-R relationship is
removed from the observed recruitment (grey)

When autocorrelation is estimated simultaneously, it seems to correspond to the observation

data very badly, but this is because the observation data of high spawning biomass and high
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recruitment are explained with high autocorrelation. For example, when the autocorrelation
part projected in the model is removed from the observed recruitment, the result is as shown
in the figure. The observation data minus the autocorrelation part well fit the S-R

relationship.

When autocorrelation is estimated simultaneously in the RI model (least squares method)
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When autocorrelation is estimated simultaneously in the BH model (least squares method)
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Appendix Figure 1-4. Result of estimation with Jack Knife analysis when autocorrelation is
estimated simultaneously in the RI and BH S-R relationships
Red lines represent the estimates using all data, while blue lines represent the estimates
when data of one year is removed. Circles express the spawning biomass and recruitment

used for the analysis. The black circle shows the last year of the data period (2017) and the
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red circle shows 1993, where the effect of removal is big.

When autocorrelation is estimated simultaneously in the RI model (least squares method)
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Appendix Figure 1-5. Influence by parameter in Jack Knife analysis when autocorrelation is

estimated simultaneously in the RI and BH S-R relationships

When autocorrelation is estimated simultaneously in the RI model (least squares method)
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When autocorrelation is estimated simultaneously in the BH model (least squares method)
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Appendix Figure 1-6. Results of residual bootstrap analysis when autocorrelation is estimated
simultaneously in the RI and BH S-R relationships
The red line expresses the estimates with the original data, while the blue line expresses the
estimates with nonparametric bootstrapping. Circles show the spawning biomass and
recruitment, which are used for the analysis. The black circle shows the last year of the data
period (2017).

When autocorrelation is estimated simultaneously in the RI model (least squares method)
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When autocorrelation is estimated simultaneously in the BH model (least squares method)
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Appendix Figure 1-7. Median (green dotted lines) and the 80% confidence interval (blue lines)

of residual bootstrap analysis of the RI and BH S-R relationships

Red lines express point estimates of the parameter.
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When autocorrelation is estimated simultaneously in the RI model (least squares method)
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Appendix Figure 1-8. Profile likelihood of the estimated parameters when autocorrelation is

estimated simultaneously in the RI and BH S-R relationships
The X mark represents the parameter value of the maximum likelihood estimation
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Appendix 2. Instability of HS model where autocorrelation is estimated simultaneously

When the difference in autocorrelation coefficient is especially big between the two-stage
estimation and the simultaneous estimation, it is recommended to use the result of the
simultaneous estimation after confirming the stability of the estimated parameters (FRA-
SA2020-BRP01-6).

Appendix Figure 1-8 shows a single peak of profile likelihood of the estimated S-R
relationship parameters of the RI and BH models where autocorrelation is estimated
simultaneously. On the other hand, two peaks of similar height of likelihood are found in the

HS model where autocorrelation is estimated simultaneously (Appendix Figure 2-1).
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Appendix Figure 2-1. Profile likelihood of the estimated parameters of the HS S-R relationship
where autocorrelation is estimated simultaneously

The x mark represents the parameter value estimated with the maximum likelihood method.
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Appendix 3. Proposed reference points of RI and BH models where autocorrelation is
estimated simultaneously

The table below shows: average spawning biomass when simulation is made until
equilibrium by using the proposed reference points calculated based on the respective S-R
relationships; ratio to the initial spawning biomass that assumes no catch (SB0); average
catch; %SPR-converted fishing mortality; exploitation rate; ratio of fishing effort to the

Fcurrent; and fishing mortality at age at the fishing mortality that produces MSY (Fmsy).

Appendix Table 3-1. Proposed reference points of RI model (simultaneous estimation)

TR Bk D
. M, RIEIE
SBOIZ AR e
B 1= %}
Ef B Gl (ﬁ‘i‘:i RTBH K GRS 7;&
¥ (TR s D07
HPE ELEEZE  SBmsy 44 0.39 34 017 039 089
P SR L B 26 fBO'Gms 13 0.12 21 008 051 154
BRI ‘SBO'h‘“ 15 0.01 3.4 005 457 200
MSY ##EBT 2 F (0%, 17%, 2 7%, 3wkl E)
gL M = (0.49,0.70.0.93,0.93)
BRI R Proposed reference points
. B Explanation

BasE (Thy)

Spawning biomass (thousand tons)

SBO (Z%}3 5 bt

Ratio to SBO

R (T hy)

Catch (thousand tons)

HIEE Fishing mortality

RS Exploitation rate

BUR DI EITA$ 5t Ratio to the current fishing mortality
EREE-SuIP SIES Proposed target reference point

R S B L Vi 22 Proposed limit reference point
ERUROKTESR Proposed fishing ban level

MSY % EH T 5T

Fishing mortality that produces MSY

(0 7%, 1 5%, 2 3%, 3 LA E) = (0.49,0.70,
0.93, 0.93)

(Ages 0, 1, 2, 3 and above) = (0.49, 0.70,
0.93, 0.93)

Appendix Table 3-2. Proposed reference points of BH model (simultaneous estimation)
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IRIEE BLRD
o S Y& -
e SBOIC mmR O TR
EEAEER B (Tf'g?f) Y mane
% (TR BOOK Do
O GHEERR SBmsy 132 031 53 034 026 046
st e SOB0.6ms . 0.10 e -
AR 26 0.06 32 047 128
HRKIESR fBo'l‘“S 2.4 0.01 5.3 005 957 200
MSY 2 KBTS 5 o (0 7%, 1 5% 2 A%, 3 MLl 1)
i e W < (0.26,0.36, 049, 0.49)
EELMEE R Proposed reference points
. B Explanation

s (Thy)

Spawning biomass (thousand tons)

SBO (Z%}3 5 Lt

Ratio to SBO

R (T hy)

Catch (thousand tons)

T Fishing mortality

TR A Exploitation rate

BUIR DI T 9 5 Ex Ratio to the current fishing mortality
EREE-SuIP SIES Proposed target reference point

PR S8 B L VA 22 Proposed limit reference point
ERRUKHESR Proposed fishing ban level

MSY % LB 5 T

Fishing mortality that produces MSY

(0 7%, 1 7%, 2 %, 3 e LA E) = (0.26, 0.36,
0.49, 0.49)

(Ages 0, 1, 2, 3 and above) = (0.26, 0.36,
0.49, 0.49)

For reference, the results of the HS model when autocorrelation is estimated in two stages are

shown in the table below (the results of the RI and BH models with two-stage method are not

shown because they form a linear relationship and produce unrealistic proposed reference

points).

Appendix Table 3-3. Proposed reference points of HS model (two-stage estimation)

TR Bk D
wag SBOC R U TR
LEEE R gl T kT A e mawe Ll
TP 7% Fro some o oK
HEEFEEREE SBmsy 124 0.26 65 026 031 o062
TR R R SBO'G"JS 39 0.08 39 018 43 110
BB OKIEER EBOJ‘“S 58 0.01 6.5 01l 46 123
MSY EERT L [ (O 18 28 3AID)
BT msy = (0.34,0.48,0.65, 0.65)
BELMEE R Proposed reference points
B! Explanation

Beag (Thy)

Spawning biomass (thousand tons)
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SBO (Z%}3 5tk

Ratio to SBO

R (T hy)

Catch (thousand tons)

T Fishing mortality

RS Exploitation rate

BUR D g T3 95 b Ratio to the current fishing mortality
EREE-SuiP S ES Proposed target reference point

R S B L Vi 22 Proposed limit reference point
ERUROKTESR Proposed fishing ban level

MSY % EH T 5T

Fishing mortality that produces MSY

(0 7%, 1 5%, 2 3%, 3 LA E) = (0.34,0.48,
0.65, 0.65)

(Ages 0, 1, 2, 3 and above) = (0.34, 0.48,
0.65, 0.65)

* Ratios of the proposed reference points and fishing ban level to the initial spawning biomass

assuming zero catch (SBO)

** Average catch at equilibrium under the fishing mortality corresponding to the proposed

reference points and fishing ban level

*#% 06SPR-converted value of fishing mortality corresponding to the proposed reference points

and fishing ban level

**** Exploitation rate corresponding to the proposed reference points and fishing ban level

**%%* Ratios of the fishing mortality corresponding to the proposed reference points and

fishing ban level to the current fishing mortality
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Appendix 4. Evaluation of S-R relationship with simplified MSE

We evaluated the robustness of the three S-R relationships that are considered as candidate
models (RI, BH and weighted average models) against uncertainty, and the influence of wrong
selection of the respective S-R relationship (risk of decrease in catch and spawning mass) by
using simplified MSE (Punt 2001). For the calculation method of the simplified MSE, see
"Comparison of robustness of multiple reference points and examination of HCRs using
simplified MSE (FRA-SA2020-BRP01-7)."

Catch calculation procedure of MSE is as follows:

(1) Stock assessment is made every year.

(2) Proposed HCRs are formulated and future projection is made based on the S-R
relationship chosen for calculation of the spawning biomass that produces MSY, and the
average catch after two years is calculated based on the proposed HCRs.

(3) Fishing is conducted with the catch calculated in (2) under the future projection based

on the true S-R relationship.

Combination scenarios of the S-R relationships for MSE are as follows:

(1) The true S-R relationship is the RI model, while catch calculation is based on the BH
model

(2) The true S-R relationship is the BH model, while catch calculation is based on the RI
model

(3) The true S-R relationship is the RI model, while catch calculation is based on the
weighted average model

(4) The true S-R relationship is the BH model, while catch calculation is based on the

weighted average model

Results of using the proposed HCRs with B set to 0.8 for calculation of catch:

Scenario 1 (the true S-R relationship is the RI model, while catch calculation is based on
the BH model): the probability of exceeding the proposed target reference point (SBtarget) and
the proposed limit reference point (SBlimit) after 10 years is 92% and 100%, respectively, and
the catch in 2021 is 6.3 thousand tons, a significant decrease from the catch in 2018 (19
thousand tons) (Appendix Figure 4-1); Scenario 2 (the true S-R relationship is the BH model,
while catch calculation is based on the RI model): the probability of exceeding the proposed
SBtarget and the proposed SBlimit after 10 years is 24% and 92%, respectively, and the catch
in 2021 is 14 thousand tons (Appendix Figure 4-2). Scenario 3 (the true S-R relationship is the
RI model, while catch calculation is based on the weighted average model): the probability of
exceeding the proposed SBtarget and proposed SBlimit after 10 years is 70% and 99%,
respectively, and the catch in 2021 is 11 thousand tons (Appendix Figure 4-3). Scenario 4 (the
true S-R relationship is the BH model, while catch calculation is based on the weighted average
model): the probability of exceeding the proposed SBtarget and proposed SBlimit after 10
years is 32% and 97%, respectively, and the catch in 2021 is 13 thousand tons (Appendix
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Figure 4-4).

Based on the above, when the harvest is controlled under the proposed HCRs based on the
S-R relationship of the weighted average model, the probability of exceeding the proposed
target reference point (SBtarget) and the proposed limit reference point (SBlimit) after 10 years
is lower by 22% and 1%, respectively, compared with the scenario where the true S-R
relationship is the RI model and catch calculation is based on the BH model, while the risk of
drastic reduction of the catch in 2021 is smaller (reduction with catch calculation based on the
BH model is larger by 4.7 thousand tons compared with the weighted average model). Similarly,
the probability of exceeding the proposed SBtarget and SBlimit after 10 years is higher by 8%
and 5%, respectively, compared with the scenario where the true S-R relationship is the BH
model and catch calculation is based on the RI model, while the catch in 2021 is almost the
same (reduction with catch calculation based on the weighted average model is 1 thousand tons
greater compared with calculation based on the RI model). For the reasons above, we propose
as a candidate for this stock the S-R relationship of the weighted average model that shows
intermediate values for risk of spawning biomass decrease and does not involve a great
reduction in catch compared with selecting either the RI or BH S-R relationship.

The proposed weighted average model assumes that the actual S-R relationship is either the
BH or RI model. Therefore, in order to assess the influence when the true S-R relationship is
different from the weighted average model, we conducted MSE with varying B values for
Scenarios 3 and 4.

The spawning biomass, catch, probability of exceeding the proposed target reference point
and probability of exceeding the proposed limit reference point when the catch is calculated
with the weighted average model are shown in Appendix Tables 4-1 and 4-2. The year of
recovery to the true proposed target reference point with a probability of 50%, when B is set
to 0.8, is 2025 (58%) when the true S-R relationship is the RI model. The probability does not
reach 50% within 10 years when the true S-R relationship is the BH model (32% in 2031). The
probability of recovery to the true proposed target reference point within 10 years is over 50%
when B is set to 0.9 (63%) if the true S-R relationship is the RI model, while the probability is
over 50% when [ is set to 0.6 (54%) if the true S-R relationship is the BH model. For this
reason, it is thought that when the weighted average model is chosen for ABC calculation, in
order to achieve the (true) proposed target reference point after 10 years with a probability of
50% or higher, it is necessary to lower B to 0.6 if the true relationship is the BH model, but
this can be achieved with B set to 0.9 if the true relationship is the RI model.

Based on the result above, if the possibility of the BH model being the true S-R relationship

is weighed heavily, it is desirable to set § to a value smaller than 0.8.
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Appendix Figure 4-1. MSE future projection of Scenario 1 (when the RI model is assumed to
be the true S-R relationship and the proposed HCRs of the BH model are used)
The thick solid lines represent average values. The shaded areas show the 80% prediction
intervals that cover 80% of simulation results. The dashed lines in the spawning biomass
chart represent the proposed reference points of the RI model (green: proposed target
reference point; yellow: proposed limit reference point). The catch in 2019 and 2020 are
assumed based on the projected biomass and Fcurrent, while the catch in 2021 and after is

based on the proposed HCRs (Figure 5). Safety coefficient B is set to 0.8.
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Appendix Figure 4-2. MSE future projection of Scenario 2 (when the BH model is assumed to
be the true S-R relationship and the proposed HCRs of the RI model are used)
The thick solid lines represent average values. The shaded areas show the 80% prediction
intervals that cover 80% of simulation results. The dashed lines in the spawning biomass
chart represent the proposed reference points of the BH model (green: proposed target
reference point; yellow: proposed limit reference point). The Catch in 2019 and 2020 are
assumed based on the projected biomass and Fcurrent, while the catch in 2021 and after is

based on the proposed HCRs (Figure 5). Safety coefficient B is set to 0.8.
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Appendix Figure 4-3. MSE future projection of Scenario 3 (when the RI model is assumed to

be the true S-R relationship and the proposed HCRs of the weighted average model are used)
The thick solid lines represent average values. The shaded areas show the 80% prediction
intervals that cover 80% of simulation results. The dashed lines in the spawning biomass
chart represent the proposed reference points of the RI model (green: proposed target
reference point; yellow: proposed limit reference point). The catch in 2019 and 2020 are
assumed based on the projected biomass and Fcurrent, while the catch in 2021 and after is
based on the proposed HCRs (Figure 5). Safety coefficient B is set to 0.8.
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Appendix Figure 4-4. MSE future projection of Scenario 4 (when the BH model is assumed to
be the true S-R relationship and the proposed HCRs of the weighted average model are used)
The thick solid lines represent average values. The shaded areas show the 80% prediction

intervals that cover 80% of simulation results. The dashed lines in the spawning biomass
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chart represent the proposed reference points of the BH model (green: proposed target
reference point; yellow: proposed limit reference point). The catch in 2019 and 2020 are
assumed based on the projected biomass and Fcurrent, while the catch in 2021 and after is

based on the proposed HCRs (Figure 5). Safety coefficient B is set to 0.8.

Appendix Table 4-1. MSE result of Scenario 3 with varying p values (the true S-R relationship

is the RI model, while ABC calculation is based on the weighted average model)

The table shows the results of the future projection based on the proposed HCRs (Figure 5)

when safety coefficient B is changed from 0.6 to 0.9 in 0.1 intervals. The projection assumes

Fcurrent catch for 2019 and 2020 and a catch corresponding to the proposed HCRs for 2021
and after.

(a) Probability for future spawning biomass to exceed the proposed target reference point (%)

B 2019 20201 2021 2022| 2023 2024 2025| 2026 2027 2028 2029| 2030| 2031
0.9 0 0| 0 11 30 41 49 56 59 60 61 64 63
0.8 0 0| 0 13 33 49 58 63 68 68 70 70 70
0.7 0 0| 0 16 37 56 66 71 74 76 77 78 7
0.6 0 0 0 17 45 67 75 79 82 85 86 87 87

(b) Probability for future spawning biomass to exceed the proposed limit reference point (%)

15 2019] 2020 2021 2022| 2023| 2024| 2025 2026| 2027| 2028| 2029| 2030| 2031 ‘
0.9 100 100 87 90 92 92 94 95 95 97 97 97 98
0.8 100 100 87 92 94 95 97 97 98 97 98 99 99
0.7 100 100 87 95 97 97 98 98 98 99 99 99| 100
0.6 100| 100 87 97 98 99 99 99 99 100 100 100 100
(c) Future spawning biomass (thousand tons)
Jel 2019] 2020| 2021 2022| 2023| 2024 2025| 2026| 2027| 2028| 2029| 2030| 2031
0.9 19 18] 19| 28] 37| a4 a7 50| 2[ 52[ 2] 53] 54
0.8 19 18] 19| 2o 40| 48] 52| 55| 57| 57 51] 58 59
0.7 19| 18] 19 30| a4 53] 57 60| 62| 62| 62| 63 64
(d) Future catch (thousand tons)
B 2019 20201 2021| 2022| 2023 2024 2025| 2026 2027| 2028 2029| 2030| 2031
0.9 17] 17| 13] 17| 22] 25| 26] 28] 29| 29 29| 30| 30
0.8 1| 17| | 1e] 2] 24 26] 27] 28] 28] 28] 29] 29
0.7 17| 17| 1| 15| 2] 24 28] 28] 2] 21] 21| 28] 28
0.6 17| 17| o] 14| 19| 23] 2a] 25] 28] 25] 26] 26] 26

Appendix Table 4-2. MSE result of Scenario 4 with varying § values (the true S-R relationship

is the BH model, while ABC calculation is based on the weighted average model)

The table shows the results of the future projection based on the proposed HCRs (Figure 5)

when safety coefficient B is changed from 0.6 to 0.9 in 0.1 intervals. The projection assumes
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Fcurrent catch for 2019 and 2020 and a catch corresponding to the proposed HCRs for 2021
and after.

(a) Probability for future spawning biomass to exceed the proposed target reference point (%)

B 20191 2020 2021 2022] 2023 2024| 2025 2026| 2027 2028| 2029| 2030| 2031
0.9 0 0 0 0 2 7 12 20 24 25 25 26 24
0.8 0| 0 0 0 2 7 15 24 29 33 33 31 32
0.7 0 0 0 0 2 9 20 30 37 41 41 40 42
0.6 0 0 0 0 4 13 26 39 49 50 52 54 54

(b) Probability for future spawning biomass to exceed the proposed limit reference point (%)

B 2019 2020| 2021| 2022| 2023 2024 2025 2026 2027| 2028| 2029| 2030| 2031
0.9 0 1 14 57 74 83 87 91 92 93 94 96 95
0.8 0 1 14 62 81 88 91 94 96 97 97 98 97
0.7 0| 1 14 65 88 91 95 96 98 98 99 99 99
0.6 0 1 14 70 90 95 98 98 98 99| 100 100{ 100

(c) Future spawning biomass (thousand tons)

B 2019 2020| 2021] 2022 2023| 2024 2025 2026 2027| 2028 2029| 2030| 2031
0.9 19 19 21 32 46 62 76 89 99| 103| 104 103| 101
08 19 19 21 34 50 68 85 101| 112 117 118 118| 116

07 | 19| 19| 21| 35 54 75| 96| 114] 127 133| 135 135] 133
06 | 19| 19] 21| 37| 59| 84| 108 128 143—

(d) Future catch (thousand tons)

B 2019] 2020| 2021| 2022| 2023 2024 2025 2026 2027| 2028 2029 2030 2031
0.9 17 18 14 20 26 31 37 42 47 49 50 50 50
0.8 17 18 13 19 25 31 37 42 47 49 51 51 51
0.7 17 18 11 18 24 30 36 42 47 49 51 51 51
0.6 17 18 10 16 22 29 35 40 45 48 50 51 51
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Appendix 5. Recruitment residuals in future projection

This stock has been experiencing low-abundance recruitment since 2009 (Appendix Figure
5-1). Because its S-R relationship has a tendency that residuals of the recruitment observation
values (stock assessment values) against the predicted values lean to the negative side (Figure
1), it is assumed that low-abundance recruitment to the spawning biomass is continuing.

Residuals of recruitment in the future projection of the weighted average model are shown
in Appendix Figure 5-2. This S-R relationship is the result of weighted averaging of the BH
and RI models with high autocorrelation coefficient according to the ratio of Akaike weight.
The trend of the recruitment residuals indicates the negative trend of recruitment residuals for
three to four years after starting the future projection. For this reason, it is thought that
residuals for three to four years after starting the future projection reflect the recent low-

abundance recruitment.

2500
acn
R0
] T
a L 2'._1 a0 50 &0 lE
mA&E (BHR) Recruitment (million individuals)
Bl (TFhy) Spawning biomass (thousand tons)

Appendix Figure 5-1. Relationship between spawning biomass and recruitment in the 2019

stock assessment
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Appendix Figure 5-2. Recruitment residuals in the future projection of the weighted average

model
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Appendix 6. Future projection of the low-recruitment scenario

In the S-R relationship of this stock, there has been a tendency that the residuals of
observation values against the projected values of recruitment lean to the negative side in
recent years. This may indicate continuing low-level recruitment to the spawning biomass. For
this reason, we examined two scenarios that assume continuing low-level recruitment in the
future and made future projection accordingly. Following the 2019 stock assessment that used
RPS of the past five years excluding the latest year (2013-2017) for the future projection
scenarios, we decided to conduct resampling of the recruitment residuals for the period of
2013-2017. Our assumptions are as follows:

[Scenario 1] Recruitment will gradually increase after five years of continued low

recruitment

[Scenario 2] Low recruitment will continue in the future

[Scenario 1] Recruitment will gradually increase after five years of continued low recruitment

Recruitment in the future projection is given by random resampling of the residuals between
the values predicted based on the S-R relationship and the past observation values. We
conducted this random resampling of residuals as follows by retrospectively dividing periods
(backward resampling; Appendix Figure 6-1)

(1) The 1st to the 5th years of the future projection: resampling allowing duplication from

the residuals of the stock assessment of the latest five years (2013-2017)

(2) The 6th to the 10th years of the future projection: resampling allowing duplication from

either the residuals of the stock assessment of the latest five years (2013-2017) or the

residuals of the five years before 2013 (2008-2012)

(3) The 11th year of the future projection and after: add a further five years to the resampling

option following the procedure above

Future projection result of Scenario 1 when B is set to 0.8 is shown in Appendix Figure 6-2.
The probability of exceeding the proposed target reference point in 2031 is 22%, and catch is
24 tons (Appendix Table 6-1).

[Scenario 2] Low recruitment will continue in the future

We continued to give recruitment of the future projection through resampling of the
recruitment residuals in the period of 2013-2017. The results of the future projection of
Scenario 2 when B is set to 0.8 are shown in Appendix Figure 6-3. The probability of exceeding
the proposed target reference point in 2031 is 0%, and the catch is 21 tons (Appendix Table 6-
2).

In conventional future projection (when average recruitment continues, namely neither
backward resampling nor residual resampling is conducted) with § set to 0.8, the probability
of exceeding the proposed target reference point in 2031 is 57%, and the catch is 36 thousand

tons. (Figure 6, Tables 4 and 6) The result suggests that, if the low-level recruitment of the two
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scenarios above continues, it will take many years for spawning biomass to recover to the

proposed target reference point and the catch will remain low for a long period of time

compared with the scenario where average recruitment continues.
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o [ e il R R o A b
7 A S e
wmEDKRE Past residuals
FF 2k 1 1 Future projection
1~5 - H The 1st to the 5th year

BT SESOEREEZ T VXD
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EUT S 4y £ 7203 E 6~10 FE H Dk
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Appendix Figure 6-1. Conceptual diagram of backward resampling
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Appendix Figure 6-2. Comparison of the future projection using the proposed HCRs (in red)

with the future projection when fishing is continued with the current fishing mortality (in

green) in Scenario 1

The thick solid line, shaded area and thin lines represent average value, the 90% prediction

interval that includes 90% of the simulation results and three future projection examples,

respectively. In the figure of spawning biomass, the green dashed line represents the

proposed target reference point, the yellow dotted line represents the proposed limit
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reference point and the red line shows the proposed fishing ban level. The dashed line in the

figure of exploitation rate shows Umsy. The catch in 2019 and 2020 are assumed based on

the projected stock biomass and Fcurrent, while the catch in 2021 and after is based on the

proposed HCRs (Figure 5). Safety coefficient B is set to 0.8
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Appendix Figure 6-3. Comparison of the future projection using the proposed HCRs (in red)

with the future projection when fishing is continued with the current fishing mortality (in

green) in Scenario 2
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The thick solid line, shaded area and thin lines represent average value, the 90% prediction
interval that includes 90% of the simulation results and three future projection examples,
respectively. In the figure of spawning biomass, the green dashed line represents the
proposed target reference point, the yellow dotted line represents the proposed limit
reference point and the red line shows the proposed fishing ban level. The dashed line in the
figure of exploitation rate shows Umsy. The catch in 2019 and 2020 are assumed based on
the projected stock biomass and Fcurrent, while the catch in 2021 and after is based on the
proposed HCRs (Figure 5). Safety coefficient B is set to 0.8

Appendix Table 6-1. Result of the future projection of Scenario 1 (recruitment will gradually
increase after five years of continued low recruitment) with varying B values

The table shows the results of the future projection based on the proposed HCRs (Figure 5)
when safety coefficient B is changed from 0.5 to 1.0 in 0.1 intervals. The projection assumes
Fcurrent catch for 2019 and 2020 and a catch corresponding to the proposed HCRs for 2021

and after.

(a) Probability for future spawning biomass to exceed the proposed target reference point (%)

B 2019| 2020] 2021| 2022| 2023| 2024] 2025 2026 2027| 2028 2029| 2030/ 2031| 2041 2051
1.0 0| 0 0 0 0 0) 0| 0| 0 0 0 0 2 38 46)
0.9 0] 0 0 0 0 0) 0 0| 0 0 0 1 10 51 57
0.8 0] 0 0 0 0 0) 0 0| 0 1 1 3 22 62| 67
0.7 0] 0 0 0 0 0) 0 0| 2 4 6 12 36 67| 73
0.6 0] 0 0 0 0 0) 0 4 10 13 16 27| 46 72| 80
0.5 0] 0 0 0 0 0| 2 17 31 35 35 48 58 78 87
0.4 0] 0 0 0 0 0) 16 43| 54| 54| 51 65 67 86 94
0.3 0] 0 0 0 0 7| 54 83| 86 83 81 88 88 96 98
0.2 0] 0 0 0 0 35| 94| 100| 100 99 99| 100 100| 100| 100
0.1 0| 0 0 0 2 81 100 100/ 100/ 100 100 100/ 100| 100/ 100
0.0 0] 0 0 0 1 99| 100 100 100 100 100 100 100 100/ 100

(b) Probability for future spawning biomass to exceed the proposed limit reference point (%)

B 2019| 2020 2021 2022] 2023 2024 2025 2026| 2027| 2028 2029| 2030 2031 2041] 2051

1.0 100 100 42 95 99| 100] 100 100 100 100 100] 100 100) 100| 100

0.9 100 100 42) 100 100 100] 100 100[ 100, 100[f 100f 100 100 100/ 100

0.8 100) 100 42) 100 100 100 100 100[ 100, 1lo0f 100/ 100] 100 100/ 100

0.7 100( 100 42( 100 100f 100 100 100 100 100 100/ 100/ 100( 100 100

0.6 100] 100 42] 100 100 100 100 100, 100, 100 100f 100 100 100/ 100

0.5 100 100 42| 100 100 100f 100] 100 100 100 100] 100 100) 100| 100

0.4 100 100 42) 100 100 100] 100 100[ 100, 100[f 100f 100 100 100/ 100

03 100] 100 42) 100 100 100 100 100; 100, 100f 100/ 100 100 100/ 100

0.2 100( 100 42( 100 100f 100 100 100 100 100 100/ 100/ 100( 100 100

0.1 100] 100 42] 100 100 100 100 100, 100, 100 100f 100 100 100/ 100

0.0 100) 100 42) 100 100 100] 100f 100f 100, 1o0f 100/ 100] 100] 100/ 100

(¢) Future spawning biomass (thousand tons)

B 2018 2020 2021| 2022| 2023] 2024| 2025 2026 2027| 2028 2029 2030| 2031| 2041 2051

1.0 19 17 15 18 19) 20 22 24 26 27 21 30 35 55 61

0.9 19 17 15 19 21 23 26 28 30 32 32 36 41 62 68

0.8 19 17 15 20 23 26 30 33 36 37 38 42 47 69| 5

0.7 19 17| 15 21 26 30 35 39 42 43 44 A8 54 71 84
0.6 19 17| 15 22 28] 34 40 45 49 50 51 55 61 86 94
0.5 19 17| 15 23 31 39 46 52 56 58 58 62 70 96| 106
0.4 19 17| 15 24 35 45 53 61 65 66 67 71 79| 108 119
0.3 19 17| 15 26 38| 51 62 70 74 76 76 81 90| 122| 134

0.2 19 17| 15 27 43] 58| 71 80 85 87 87 92| 102| 138 153

01 | 19| 17| 15| 20| 41| 6 82] 93 o8 100 100 106 1i7| 151 176
0 19] 17| 15| 31 62 76| 95| 107 113] 115 116 122| 135 lszi
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(d) Future catch (thousand tons)

B 2019| 2020 2021| 2022 2023 2024 2025 2026 2027 2028 2029| 2030| 2031 2041 2051
1.0 16| 14 10 12 13 14 15 16 17 17 19 21 23 35 38|
0.9 16| 14 9 11 13 14 15 17 18 18 20 22 24 35 38|
0.8 16| 14 8 11 13 14 16 17 18 19 20 22 24 35 38|
0.7 16| 14 8 10 12 14 16 18 19 19 20 22 24 34 37
0.6 16| 14 7 9 12 14 16 18 19 19 20 22 24 33 35
0.5 16| 14 6 9 11 13 15 17 18 18 19 21 22 30 33
0.4 16| 14 5 7 10 12 14| 16 16 17 18 19 20 27 30
0.3 16| 14 4 6 8| 11 12 14 14 15 15 16 17 23 26
0.2 16| 14 2 4 6| 10 11 11 11 12 12 13 18 20
0.1 16| 14 1 2 3| 5| 6| 6| 6 7| 7 7 8 10 12

0 16| 14 0 0 0) 0) 0 0 0 0| 0 0 0 0 0

Appendix Table 6-2. Result of the future projection of Scenario 2 (low recruitment will
continue) with varying 3 values
The table shows the results of the future projection based on the proposed HCRs (Figure 5)
when safety coefficient B is changed from 0.5 to 1.0 in 0.1 intervals. The projection assumes
Fcurrent catch for 2019 and 2020 and a catch corresponding to the proposed HCRs for 2021

and after.

a) Probability for future spawning biomass to exceed the proposed target reference point (%
(a) y p g prop g point (%)

5| 2019] z020] 2021] 2022 2023] 2024] 2025] 2026] 2027] 2028] 2029] 2030] 2031] 2041] 2051
10 of of of of of of o o o o o o o o o
0.9 of of of of of of of of o of o o o o o
0.8 ol of of of of of of of of of o of of o o
0.7 of o o of o of of of 1 3 4 4 5 s
0.6 o] of of of o of 2[ 8 14 18] 21| 23] 23] 25 25
05 o o o] o o 3| 26 aa| as| a2 a1 43| a3] 42 a2
0.4 o of o of o 20| 82 89| 8] 79 77 79 80 80 80
03 of o] o] of 2| 79 100 100 100] 9o 9] 99 99| @3] g9
0.2 of o o o 17| ‘s9] 100 100 100 100 100 100/ 100[ 100/ 100
0.1 of o o o 49 1000 100 100 100 100 100 100/ 100/ 100 100|
0.0 of o o o 8 1000 100 100 100 100 100 100/ 100| 100 100|

b) Probability for future spawning biomass to exceed the proposed limit reference point (%
(b) y p g prop point (%)

5 | 2019] 2020] 2021 z022] z023] 2024] 2025] 2026] 2027] 2028] z029] 2030] 2031] 2041] 2051
10 | 100 100] 96| 100] 100] 100] 100] 100] 100 100] 100] 100] 100] 100[ 100
09 | 100] 100 96| 100] 100] 100 100] 100 100] 100] 100] 100] 100[ 100[ 100|
0.8 1000 100 96| 100[ 100 100 100] 100] 100[ 100 100[ 100] 100[ 100] 100|
0.7 1000 100 96| 100] 100 100 100 100] 100] 100] 100] 100] 100[ 100/ 100|
06 | 100 100] 96| 100] 100 100] 100] 100[ 100/ 100 100 100] 100] 100] 100|
05 | 100 100] 96| 100] 100 100] 100] 100[ 100] 100] 100 100/ 100[ 100 100|
0.4 1000 100 96| 100 100 100 100] 100] 100] 100[ 100[ 100] 100[ 100| 100|
03 1000 100 96| 100] 100 100 100 100] 100] 100] 100] 100] 100] 100/ 100|
02 | 100 100] 96| 100 100 100] 100 100[ 100] 100/ 100 100] 100[ 100 100|
0.1 100 100f 96] 100] 100 100f 100] 100] 100 100] 100] 100] 100] 100] 100|
00 | 100 100] 96| 100 100] 100] 100] 100[ 100/ 100 100 100] 100] 100 100|

(c¢) Future spawning biomass (thousand tons)
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B 2019] 2020 2021| 2022| 2023| 2024| 2025| 2026] 2027| 2028 2029] 2030| 2031| 2041| 2051
10 19 18] 18] 22[ 28] 27| 20 30 31 3] 3| 31] 32 32 32
0.9 19 18] 18] 23 27| 31| 33 35 36] 36] 36 36] 37 37 37
0.8 19 18] 18] 24 30| 35| 38 a40] 41 m| 42 42] 2] a2 a2
0.7 19 18] 18] 25] 33] 30| a44] 46| 47| 47| 48] 48] ag[ 48 48
0.6 19 18] 18] 27 36] 44| 50| 52 54 54 54 55 55 55 85
0.5 19 18] 18] 20 40| 50| 57 60| 61 61 62 62 63 63 63
0.4 19 18] 18] 30] 44 57| es[ 68 9] 70 70 71| [ 72 72
0.3 19 18] 18] 32| 49] es] 74 8] 79| 79] 8o 81 82 82 82
0.2 19 18] 18] 34| 54 73] 85 89| 89 90 91 93] o4 04| o4
0.1 19| 18| 18 36| 60| 83| 98] 102 102] 102] 104 107 109 109 110
0 1o] 18] 18] 38| 67 95| 113 11 117 117 120—
(d) Future catch (thousand tons)
B 2019 2020| 2021 2022 2023' 202/1| 2025] 2026 2027 2028| 2029| 2030| 2031| 2041 2051
1.0 17| 16| 13| 15| 16| 18] 19| 19| 19] =200 20 20/ =20 20/ 20
0.9 17 16] 12] 14 18] 18] 19] 20] 20] 20 21 2] 21] 21 21
0.8 17| 16| 11| 14 18] 18] 20] 20 21] 21 =21] 21] 21 21] 21
0.7 17] 16 10 13[ 16| 18] 20] 20 21] 2] 21] 2] 2] 21] 21
06 17 16| 8] 12| 15| 18] 19 20] 20 20 21 2] 21] 21 21
05 17| 16] 7] m| 14| 17 18] 19] 19] 19| 20 =20] 20 20 =20
0.4 17 16] 6 o 13 15| 17[ 17[ 18] 18] 18] 18] 18] 18] 18
03 17| 16] 5| 7] 10| 13 14 18] 15] 15| 15[ 16] 16| 16] 16
0.2 17| 16| 3] 5| 8] 1o m| 11 12] 12| 12 12] 12] 12| 12
0.1 | 18] 2] 3| 4 e 6 7 7 7 7 i 1 1 7
0 17| 1] o o o o o o o o o o o o o0
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