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Abstract

The general objective of the 3M Cod MSE is to maintain the SSB of this species in the safe zone as defined by the
NAFO precautionary approach framework and to assure the optimum utilization, rational management and
conservation of the 3M cod stock. Based on this, five performance objectives were tested via five different
Performance Statistics. Six different OMs and two HCRs with three different Fagec were tested. The six OMs
come from different assumptions over M and over the Stock-Recruitment relationship (SRR). The two HCRs are
one model-based (based on the Bayesian XSA model approved by SC) and one model-free (based on the EU-FC
survey). A 20% constraint of annual variation of TAC was set for both HCR. Based on this, a total of 24 scenarios
were tested and results projected for the period 2014-2025. Differences in the results come mainly from the
assumed stock recruitment relationship and in a much lesser extent of assumed M and the different Fergetlevels
tested. The SSB have an increasing trend in all cases reaching a level well above Biin at the end of the projected
period. There are two main trends in yields, one for the scenarios with the model-based HCR and other for the
scenarios with the model-free HCR. In the first case, landings decrease to 6 500 tons in 2020, and after that
increase until 2025 reaching a value between 10 500 and 15 000 tons, depending on the SRR assumed. In the
case of the model-free HCR, until 2023 the decrease is very small and then a quiet constant value between 5 000
and 11 000 tons is reached. None of the tested HCR reached the established performance objectives in the
2016-2023 period but most of the scenarios met the performance objectives after 2024. The main reasons for
not achieving these objectives are the high initial F and catch levels and the 20% catch constraint. The
necessary period to achieve the performance objectives would be longer if we had applied a more restrictive
TAC constraint (15% or 10%). If the TAC constraint is not applied, lower landings are allowed in the short-term
period (2016-2020), but after that the increase in TAC is higher than if the constraint is applied.

Methods
The 3M Cod MSE is developed in another document (Gonzalez-Costas et al., 2014) based on the proposals of the
Fisheries Commission and Scientific Council Joint Working Group on Risk-Based Management Strategies (FC SC
RBMS) reached in February 2014 (NAFO, 2014a) and in the comments made by the NAFO SC in the 2014 June
meeting.

1. Management objectives

1. Very low risk of breaching Biim. The probability of a spawning stock biomass under Biim at 10% or
lower.

2. Low risk of overfishing. For the model-free HCR only: The probability of F exceeding Fnsy during the
evaluation period should be kept at 30% or lower.

3. Low risk of steep decline. The probability of the decline of 25% or more of spawning stock biomass
from year 0 to year 5 is kept at 10% or lower.

4. Maximum averages catch over the period. The average TAC over the period should be maximized.

5. Limited annual catch variation.

www.nafo.int



2. Performance measures

Based on the above objectives a group of Performance Statistics (PS) was developed for 3M cod (Table 1). These
PS were presented by Gonzalez-Costas et al. (2014) taking into account the performance objectives proposed in
the FC SC RBMS of 2014 and the NAFO Scientific Council suggestions and comments.

3. Management Strategies
Two HCRs are tested under the MSE approach:

Option 1 (Model-based HCR): TAC, =Total Biomass, F, P(SSBy>B,im)

target

being Biim = 14 000 tons and Frget the probabilities of 20%, 35% and 50% of exceeding Fmsy = Fao0spr.

Option 2 (Model-free HCR): TAC, =TAC,, (1+Aslope,, )

Where: slope = slopes. is the slope of the log-linear regression lines fit of the EU Flemish Cap survey Bs. index
from y-5 to y-2.

A = an adjustment variable:

slopes: < 0 =>2A=1.25
If SSB < maximum observed SSB =>
lopes.>0=>2A=1

slopes. < 0 =>2A=1
If SSB > maximum observed SSB =>
lopes.>0=>2A=1.15

Noting the desire for relative TAC stability, TAC should be constraint to a fixed percentage of annual change.
The FC SC RBMS (NAFO, 2014a) established three different TAC constraint levels (10%, 15% and 20%). To
reduce the high number of scenarios the Scientific Council (NAFO, 2014b) proposed to test only the 20% TAC
constraint. It was decided to take into account the SC proposal and to use a 20% constraint level in this study
for both HCRs.

4. The simulation algorithm
The simulation algorithm that was used in the 3M cod MSE is an R package to conduct Bio-Economic Impact
assessments using FLR (FLBEIA) developed by Garcia et al. (2013).

The operating models (OMs)
In the 3M cod case we test a set of 6 operating models. These operating models are distinguished by: M values
and stock-recruit function:

In the case of natural mortality (M), we have two sets of operating models:

-with M constant estimated by the model for all ages and for all years,

-with M estimated by the model for three different ages ranges (1-2, 3-5, 6-8+) and for three different
time periods (1972-1995, 1996-2008, 2009-last assessment year) (Gonzalez-Troncoso and Gonzalez-
Costas, 2014).

In the case of the Stock/Recruitment (S/R) relationship we have three sets of operating models:
SR1: Recruitment independent of SSB: Bootstrapping recruitment values from 1972-2010. We eliminated the

last 3 recruitments of the time series to do the bootstrap due to these recruitments have a high uncertainty
and they are not well calculated by the model.



SR2: Segmented Regression with Beta=Approved Biim: We fit a constrained segmented regression model (1972-
2010) to have a beta parameter equal to the approved 3M cod Biim (14 000 tons).

SR3: Segmented Regression fit with the assessment results (1972-2010).

In Table 2 we present the value of the parameters of the two fits of segmented regression (SR2 and SR3), as well
as mean of the Recruitment for the projected years (2014-2025) for the three SRs. Figures 1 and 2 show the
median fit of the two segmented regressions as well as the median recruitment over the historic years. We can
see in Table 3 that the level of recruitment is quite different between the three SRs, being the median of the
mean Recruitment by iteration for years 2014-2025 lowest in the case of the SR1 (19 582 for M fix and 20 910
for M variable), and the highest for SR3 (40 489 for M fix and 51 526 for M variable).

The WG RBMS proposed model based HCR included “Furge: is defined as four different levels of Frsy,
corresponding to probabilities of 20%, 30%, 40% and 50% of exceeding Fmsy. If Fnsy is not available, an
appropriate proxy should be used”. Scientific Council proposed three different probability levels to be tested:
20%, 35% and 50%. With this proposal we reduce 6 scenarios. The value of Frarge in each case is the percentiles
of the Frgy:

Percentile 20 Fysy | 0.116
Percentile 35 Frsy | 0.124
Percentile 50 Frsy | 0.133

It was decided to take into account the SC recommendations and to use the probabilities of 20%, 35% and 50%
of exceeding Fngy in this study. With this proposal and the 20% TAC constraint level the final number of
scenarios presented in this document is 24 (Table 3).

The management procedure (MP)

For 3M cod the TAC for year y is set based on the assessment with data available up to year y-2 based on the
different Harvest Control Rules (HCRs) proposed by FC SC RBMS. The MP is applied every year up to the y-2
final year of projections. We performed the HCRs for 10 years (2016-2025). During the 2014 SC it was decided
to project until the year 2033, but the 2015 WG RBMS decided that it was a too long period to project and
decided to use a projected period to 2025 (10 years projection), and to present the results for a mid-term
period (2016-2020) and for long-term period (2016-2025). The last real population is in 2013 (last approved
assessment, Gonzalez-Troncoso et al, 2014), but as the 2014 and 2015 TACs are set already, the first year of
applying the HCR is 2016.

For the model-based HCR (TACy:TotaI Biomass, F,

arget P(SSBy>B"m)) we used as assessment process model the

Bayesian XSA with 500 iterations (Gonzalez-Troncoso et al., 2014). The usual method of performing the short
term projections with 3 years mean for the biological parameters inputs (PR, Mean weights, Maturity, etc) was
used.

For the model-free HCR (TAC,=TAC , (1+ kslope3+)) the TAC for year y is set based on the EU Flemish Cap

survey (Mandado, 2014) slope of the log-linear regression line fit to y-2 till y-5 period of the survey indices for
3+ biomass.

5. Results
5.1. Stock indicators (SSB, F and landings)
In all cases the results presented are the medians of the indicators.

Table 4 and Figures 4 and 5 present the SSB results for the 24 scenarios in the projected period (2016-2025), as
well as the estimated valued for 2014 and 2015. It can be observed in the results (Figure 4) that the SSB trend
in all the scenarios is quite similar but the level of the SSB is very different. At the end of the projected period
there are three different main levels depending on the chosen stock recruitment function. The SR1 has around



150 000 tons, the SR2 around 250 000 and the SR3 350 000 tons for M fix and in the cases of M variable slightly
lower for SR1 and slightly higher for SR2 and SR3. Figure 5 shows the SSB for the different scenarios of the M
(M fix and M variable) operating models.

Table 5 and Figures 6 and 7 present the fishing mortality (F) for all the scenarios in the projected years. The F
decreases in the medium term period (2016-2021) for all the scenarios and after (2022-2025) remains fairly
constant and lower than the Fnsy proxy. The decrease in F is in general faster in the first years for the scenarios
with the model-based HCR than the scenarios with the model-free HCR. Figure 7 shows the F for the different
scenarios of the M (M fix and M variable) operating models. These OMs have a very similar trend and values for
F in all the scenarios of each OM with a decrease in the period 2016-2021 and a fairly constant F value lower
than Frarge: in 2022-2025.

Table 6 and Figures 8 and 9 present the landings (yield) for all the scenarios in the projected years. There are
two main trends in yields, one for the scenarios with the model-based HCR and other for the scenarios with the
model-free HCR. Figure 9 shows the yield for the different scenarios of the M (M fix and M variable) operating
models. In the cases of the model-based HCR all the scenarios present a similar decrease in landings until 2020,
when these scenarios reach a yield around 6 500 tons, and after an increase trend till the end of the projected
period. This increase trend depends on the SR functions assumed. The yield at the end of the period is around
10 500 tons for the SR1 scenarios, 13 000 tons for the SR2 and around 15 000 tons for the SR3 scenarios for M
fix and a bit higher in the cases of the M variable. For the scenarios based on the model-free HCR the trend and
level are quite different. Till 2023 all the scenarios have a general small decrease in the yield and after the 2023
level (around 5 000 t for SR1, 7 000 t for SR2 and 11 500 t for SR3) is quite constant until 2025 with a slight
increase for SR1 and SR2 scenarios (reaching levels of around 6 000 t and 7000 t respectively) and a slight
decrease for the SR3 scenario (reaching levels of 11 000 t).

The greatest impact on the stock indicators results comes from the assumption on the stock recruitment. It is
clear that the level of Frarget has little influence in the results, and the choice of M does not vary substantially the
results of the stock indicators.

5.2. Performance Statistics (PS)
For deciding which of the HCR that we are analyzing is the best for the purposes of the MSE, a series of
Performance Statistics were analyzed:

1. Very low risk of breaching Biim: P(SSB<Biim) < 0.1. The NAFO PA framework (NAFO, 2004) says that “there
must be a very low probability that management actions result in projected biomass dropping below Byim within
the foreseeable future” and defined foreseeable future as “foreseeable future might be defined as 5-10 years,
but the actual time horizon should be specified by managers”. The NAFO SC in 2014 decided to measure this
probability each year. During the 2015 WG RBMS it was recognized that this way to measure this PS was the
most precautionary and it was decided to present 3 different options to measure the risk of this OM:

a. Probability year by year

b. Mean of the probability of each period (2020 and 2025)

c. Probability at the end of each period (2020 and 2025)

The results are in Table 7 and Figures 10, 11 and 12. We can see that none of the OMs fulfills these PS1 (a, b and
) in the medium term (2016-2020). If we look at this PS year by year (PS1a, Figure 10), we can see that in the
period 2016-2023 most of the scenarios have a value greater than the limit or they are very close to the limit of
this PS. All scenarios reach the highest probability of breaching Biim in the period 2019-2020, having in this
period the M variable OM cases a lower probability of breaching Biim than the M fix cases, and inside these the
probability of breaching Biim for OM based on different SR in increasing order are: SR3, SR2 and SR1. The SR1
model-free scenarios (19 and 22) have the worse behavior in these middle-years with a maximum probability
of 0.37 and 0.36 respectively. However, from 2024 all the scenarios reach the condition except scenario 6
(model-based, SR2, M fix, F50) that slightly exceeding the limit.



If we look at the mean probability of each period (PS1b, Figure 11), none of the scenarios reach the accepted
level of risk in the medium and long period. The probability is higher for all the scenarios in the medium period.
The model free scenarios have a higher risk in general.

Looking at the probability at the end of each period (PS1c, Figure 12), none of the scenarios reach the accepted
level of risk at the end of the medium term period (2020) but all the scenarios, except the scenario 6, reach it at
the end of the long term period (2025).

2. Low risk of overfishing: P(F>Fusy) < 0.3. As for PS1, during the 2015 WG RBMS it was decided to present 3
different options to measure the risk of this OM:

a. Probability year by year
b. Mean of the probability of each period (2020 and 2025)
c. Probability at the end of each period (2020 and 2025)

The results are presented in Table 8 and Figures 13, 14 and 15. If we take into account the probability year by
year (PS2a, Figure 13), this PS is achieved for all the OMs since year 2021. All the scenarios start the projection
period with a very high probability (100%) and this probability drops to levels less than 30% in 2021 in all
scenarios and remains low till the end of the projection period. This decline is faster in the model-based
scenarios. In general, the model-free scenarios have a worse behavior than the model-based scenarios in the
period 2016-2021.

If we look at the mean of the periods (PS2b, Figure 14), it is clear that in the first period (until 2020), the Ps is
not reached for none of the scenarios. For the long term period (2016-2025), only six scenarios, almost all the
model based SR3 scenarios, reach the approved level of risk.

At the end of the first period (2020, PS2c, Figure 15), almost all the scenarios with model-based attain the PS,
while the model-free scenarios have a probability higher than 0.3 of being above Funs,. Instead of that, in 2025 all
the scenarios get the PS, .

Although this PS was set only for the model-free scenarios, we present the results for the 24 scenarios in order
to see the differences between them.

3. Low risk of steep decline: The probability of the decline of 25% or more of spawning stock biomass from year
0 to year y is kept at 10% or lower: P(SSBy/SSB2013<0.75) < 0.1. In this case we check two periods: y=7
(medium term: year 2020) and y=10 (long term: year 2025). Moreover, we check if the lowest spawning stock
biomass in the periods 2014-2020 and 2021-2025 achieves the condition too. The results are in Table 9 and
Figure 16.

Although the first year of projection is 2016, the last "true" SSB known is in 2013, and for that we start to
measure this PS in 2014. For that, we have a first period of 7 years instead of 5 years.

So, we have 4 different options in this PS:
3a. P(SSB2020/SSB2013<0.75) < 0.1. This condition is not achieved by any of the OMs. The SR1 cases have
a higher probability than the SR2 and the SR2 more than the SR3 scenarios. The scenarios based on the
model-free HCR have a higher probability than the model-based scenarios.

3b. P(SSB2025/SSB2013<0.75) < 0.1. This condition is achieved for almost all the scenarios. Note that the
worst and the best cases are for the model-free cases: the worst for SR1 and SR2 and the best for  SR3.

3c. P(min(SSB2014-2020) /SSB2013<0.75) ) < 0.1. This condition is never achieved for any of the OMs.  All
the scenarios have high probability that the minimum SSB in the medium term period was 25% less  than
the 2013 SSB although the M fix scenarios have lower probability than the M variable cases.

3d. P(min(SSB2021-2025) /SSB2013<0.75) ) < 0.1. This condition is never achieved for any of the OMS. All
the scenarios have a probability more than 10% that the minimum biomass in this period was 25% less



than the 2013 biomass. This probability is close to the 10% limit in the model-based scenarios and is
higher in the model-free scenarios.

One more PS was calculated and is presented in Table 9: P(min(SSB2014-2025)/SSB2013<0.75), but as the SSB
reaches the minimum between 2014 and 2020, this PS is redundant with the 3c PS.

4. Maximum average catch over the period: max(TAC). The results are presented in Table 10 and Figure 17. In
the Table we present the median of the mean landings for the periods 2014-2025, 2014-2020 and 2021-2025,
and in the Figure we present the median as well as the 95% confidence interval for the periods 2014-2020 and
2014-2025. As the 2014 and 2015 have been set, we decided to include it in the calculation of the mean TAC for
the first period. In the medium term period (2014-2020), the mean TAC is much higher for the model-free OMs
than for the model-based OMs with similar values within them (around 14 300 tons in the model-free scenarios
and around 11 000 tons in the model-based scenarios). But when we take the complete projection period the
differences are less, being around 10 500 t for the model-based and 11 500 t for the model-free. The highest
TACs are set for the SR3 scenarios around 14 000 t and the minimum for the SR1 around 9 500 t.

5. Limited annual catch variation: Number of times the constraint of 20% (at the lower and at the higher
boundaries) has been applied on average during the period. We present the number in percentage in Table 11
and Figure 18. We can see that in the majority of the cases the constraint is applied in a very high percentage of
the iterations. In fact, if we look to the mean of the number of times that the constraint of 20% is applied (low or
up), in the case of the model-based scenarios this percentage is around 64% and 50% in the model-free cases.

It can be observed that for the model-based scenarios in 2018 the low constraint (TACy=0.8TACy-1) was
applied in the 80% of the cases and this % decreases till 2023 and after that remains very low (less than 20%).
This general trend has small differences for M variable and M fix model-based scenarios.

The up constraint (TACy=1.2TACy-1) in the model-based scenarios has the opposite trend: starts in very low %,
this percentage increases till 2023 (80%) and after that is more or less constant.

Considering the % that the constraint is applied (up and down) in the model-based scenarios, we can observe
that is very high in all the projected period, being over or around 80% from 2018. For the model-free scenarios
these trends are quite different. The number of times that the constraint of 20% (at the lower and at the higher
boundaries) has been applied rather increases in the period 2016-2021 and after that slightly increases till
2025. These trends are quite similar for up and down but at different levels.

5.3. Results with and without constraint

In order to see how the use of the constraint influences in the results, we decided to run one scenario with no
constraint to see the differences in the results. We decided to run the model-based, SR1, M fix and F3s¢, scenario
with and without constraint. The main reason for choosing this scenario is that it is the most similar to SC 2014
3M Cod approved assessment.

The median results for the SSB, F and landings for the chosen scenario with and without constraint are in
Figures 19, 20 and 21. In general, the SSB is higher for the case without constraint (Figure 19), although in the
last year of projection (2025), the SSB is higher in the case with constraint. Until 2021 the F is lower in the case
without constraint, and then it is higher (Figure 20). Landings are lower for the case without constraint until
2020, and then starts to increase doubling the value of the landings in the case with constraint in the last years
of projections (2024 and 2025, Figure 21). It is clear that the catch constraint case in the medium term period
(till 2020) does not allow the decrease of the high starting F to levels of Furge: as fast as in the case without
constraint and this has a small effect in the level of the SSB and catches. In 2020-2021, with similar level of F
target in both cases, the recovery of the stock allows the catches to start to increase but after 2022 the increase
is less in the case of the TAC constraint due to the constraint, leading in a F much lower than Fsy.



With regards to the results of the PSs, we present to illustrate the PS1a and PS2a as they are measured by year
instead of by OM or period. For PS1a, the probability of being below By is less in the without constraint case.
This is due to the lower F and catches in the medium term period (till 2020) in the case without constraint that
allows the stock to increase much than in the case with constraint. The risk set for this PS is reached before in
the case without constraint (2021 instead of 2023). For PS2a, in the short-term period the probability of being
below Fin is less in the without constraint case, as the F drops quicker in this case and we achieve this PS in
2019 instead of 2021. But after 2022 the F starts to increase to levels very close or even above the established
risk.

6. Discussion

The greatest impact on the stock indicators results comes from the assumption of the stock recruitment. The
assumption of natural mortality (M) fix o variable has a little effect and the Figer uncertainty levels chosen
(20%, 35% and 50%) have very little influence on the results of the stock indicators.

The median SSB in the medium term period (2016-2020) shows a small increase trend in the model-based
cases and is more or less stable in the model-free scenarios (Figure 4). The relative stability of the SSB in all the
scenarios with the increase in variability from the starting point is one of the reasons why most of the scenarios
do not meet the PS1 in this period and reach the maximum risks at the end of the period. The model-based
cases have PS1a values closer to the limit than the model-free scenarios. After 2020 the SSB starts to increase
and consequently the PSla values start to decrease in all the scenarios and reach a lower level than the
proposed limit in 2024 for all cases, except the scenario 6 (model-based, SR2, M fix, F50) that slightly exceeding
the limit till 2025.

The steep increase of the SSB from 2023 to 2024 for all the OMs is due to the weights-at-age in the stock that
was randomly chosen for those years, as they are higher in 2024 than in 2023 (Figure 3). If we do not have into
account the step in the SSB, the increase is more or less lineal. The great variability of biological parameters
(mean weights, maturity ogives, etc) for this species is well known (Gonzalez-Costas and Gonzalez-Troncoso,
2014). The impact in the results (but no over the trends) of the biological parameters variability used for the
projection period could be important. This study include only some variability, it was obtained the biological
parameters in blocks of years to take into account the possible autocorrelation of the parameters but these
blocks were the same for all the iterations. It was include only the uncertainty in the time periods but not
between iterations.

The main reason for the stability of the SSB in the medium term period (2014-2020) is the F and catches levels.
The starting point (2016) has a F and yield unsustainable in the long term and much higher than the F target
levels (Figures 6 and 8) and due to the 20% TAC restriction applied down in these cases, the Fiarge level and its
corresponding yield are reached at the end of this period. The necessary period to achieve the Fiarge: level would
be longer if we had applied a more restrictive TAC constrain (15% or 10%). The Fiarge: level is reached before
for the model-based cases than for the model-free. The Frarge: in the model-free is estimated based on the
biomass trend and has not into account the high starting point F level, and due to the stability in the SSB in this
period the yields are higher than in the model-based cases. In the second period (2021-2025) the SSB and the
yields start to increase in all cases but the increase in yields are lower than the expected Frarget yields due to the
20% TAC restriction applied up in these cases causing that the F levels in all scenarios are lower than the
proposed Frrget. In fact, it seems that we are testing an HCR of applying a constraint of 20% (up or low) more
than a Fiarget model-based HCR or survey indices model-free HCR.

At the end of the projected period, the highest yield was attained in the SR3 cases followed by SR2 and SR1
cases. This is a consequence of the recruitment levels assumed for each of the S/R relationships. The level of
recruitment is much higher for the SR3 cases, allowing biomass to increase more than for the SR1 and SR2
cases. This increase in biomass, mainly in the period from 2021, allows a higher level of catches for the SR3
cases than the SR2 and SR1 cases for similar levels of F.

The projection results show two periods with different behavior: 2016-2020 and 2021-2025. In the first period
none of the tested HCR meets the performance objectives established. The main reasons for not achieving these
objectives are the high initial F and catch levels and the 20% TAC constraint. The length of time to achieve the



objectives is modulated by the TAC restriction that reduced gradually catches. Lower percentages of TAC
variation would imply lengthening the period while higher percentages of TAC variation would imply
shortening the period. In this period (2014-2020), the performance of the model-based HCR is better than the
model-free HCR based on the established performance objectives. At the end of the second period (2025),
almost all the scenarios of both HCR meet most of the established performance objectives and in this period the
20% TAC constraint is applied reducing the increase of the potential Frge: catch levels.

If the constraint of the 20% is not used, the F decreases sharply in the short-term period (2016-2020), allowing
the SSB to increase much quickly and the recovery of the stock earlier. Because of that, the TAC in the short-
term period is lower if we don’t apply the constraint, but after 2020 starts to increase, reaching two times of the
constraint case value in 2025. Although the risk is less than in the case with constraint, the case without
constraint has not reach the level of risk established for the PS1a and PS2a in the 2016-2020 period but in the
2021-2025 period.

7. Conclusion

Differences in the results come mainly from the assumed stock recruitment relationship and in a much lesser
extent of assumed natural mortality (M) and the different Fiarget levels tested. The impact in the results (but no
over the trends) of the assumed variability of the biological parameters for the projection period could be
important.

None of the tested HCR reached the established performance objectives in the 2016-2020 period but most of
the scenarios met the performance objectives at the end of the 2021-2025 period. In the 2016-2020 period, the
model-based HCR is closer to achieve the established performance objectives than the model-free HCR. The
main reasons for not achieving these objectives are the high initial F and catch levels and the 20% catch
constraint. The necessary period to achieve the performance objectives would be longer if we had applied a
more restrictive TAC constraint (15% or 10%).

The results show that for both HCR it is very difficult to achieve the approved risk levels for different objectives
maintaining the stability in catches tested (catch constraint).
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Table 1.- Management Objectives and the new Performance Statistics and Performance Targets proposed by the
SCand FC SC RBMS for the 3M cod MSE.

Management Objectives

Performance Statistics (PS)

Performance Targets (PT)

Very low risk of breaching Biim

SSB, /B

lim

SSBy is the Spawning Stock
Biomass in the year y of the
projection period.

P(SSB, /By, <1)<0.1
y=1, ..,10

lim

The probability of a spawning stock
biomass under Biim at 10% or lower.

Low risk of overfishing

For the model-free HCR:
Fy / Fmsy

Fy is the Fishing Mortality in the
year y of the projection period.

P(F,/F, >1)<03
y=1,..,10

For the model-free HCR only: The
probability of F exceeding Fmsy
during the evaluation period should
be kept at 30% or lower.

Low risk of steep decline

SSB, /SSB,
SSB,, / SSB,
SSB,,.. s/SSB,
SSB,,,eq 10/ SSB,

lowest_5

lowest_10

SSBy is the Spawning Stock
Biomass in the year y of the
projection period.

SSBiowest y is the lowest Spawning
Stock Biomass level in the period
year 1 to year y of the projection.

P(SSB, /SSB, <0.75)<0.1
P(SSB,, /SSB, <0.75)<0.1
P(ssB

lowest _5

/$SB, <0.75)<0.1

P(SSBipye 10/ SSB, <0.75)<0.1

lowest _10

The probability of the decline of 25%
or more of spawning stock biomass
from year O to year y is kept at 10%
or lower.

Maximum average catch over 5 5
the period ZTACi /5 max ZTACi /5
i=1 i=1
10 10
. TAC, /10 max| 3 TAC, /10
=1 i1
The average TAC over the period
should be maximized.
Limited annual catch variation TACassessi g4 / T,A\Cassessiy count (TACassess_w1 ITAC s , <1- x)
COUNt (TAC sy 1/ TAC e, 21+X)
TACassess_y is the TAC given by the x=0.1, 0.15, 0.2
assessment in year y before y=1,..,5
constraints. y=1,..,10

This will be achieved through the
constraint on the TAC variation.
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Table 2.- Results of the fits for the different stock-recruitment relationships. Median of the parameters. R mean
is the median of the mean of the Recruitment for all the projected years (2014-2025).

M fix alfa beta Rmean M var alfa beta Rmean

SR1 19582 SR1 20910
SR2 0.680 14000 25022 SR2 0.796 14000 34403
SR3 0.547 32266 40489 SR3 0.633 33252 51526

Table 3.- Operating Models and Management procedures proposed in this study with their different scenarios.

OM MP Scenario
M value S/R Function HCR Frarget
Constant 1 Model Based 20% Frax 1
35% Fmax 2
50% Fmax 3
2 Model Based 20% Frax 4
35% Fmax 5
50% Fmax 6
3 Model Based 20% Frax 7
35% Fmax 8
50% Fmax 9
Variable 1 Model Based 20% Frax 10
35% Fmax 11
50% Fmax 12
2 Model Based 20% Frax 13
35% Fmax 14
50% Fmax 15
3 Model Based 20% Frax 16
35% Fmax 17
50% Fmax 18
Constant 1 Model Free 19
2 Model Free 20
3 Model Free 21
Variable 1 Model Free 22
2 Model Free 23
3 Model Free 24

Table 4.- Median of the SSB (thousand tons) for the 24 OMs in the projection years: 2014-2025.

1 2 3

4

5 6 7 8

9

10 11 12

13

14

15 16 17

18 19

20 21

22

23 24

min

max

2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024

218 218
265 265
353 353
529 518
61.3 58.1
50.6 46.7
60.2 55.1
59.2 543
68.3 63.7 58.0
776 726 688
158.3 151.6 142.1
165.0 157.3 150.1

21.8
26.5
35.3
49.9
54.8
42.0
49.0
49.7

21.8
26.5
36.1
58.4
71.0
61.9
80.1
83.7
97.2
107.3
2189
226.6

21
26
36
56
67
57
75
78
92
100
205
217

8 218
5 265
1361
.8 549
8 649
.7 530
8 705
8 732
8 857
.0 956
4 190.4
.7_206.6

22.0
26.8
38.0
63.8
84.9
774
110.4
1285
155.5
172.1
347.0
377.0

22.0
26.8
38.0
62.1
81.8
73.3
104.0
1200 1
1495 1
165.2 1
336.4
354.6

22.0
26.8
38.0
60.7
76.9
68.9
97.1
14.6
42.1
57.7

19.6
24.4
32.7
517
61.8
50.0
60.8
59.9
65.3
69.6

19.6
24.4
32.7
51.7
60.3
49.2
50.1
56.7
63.7
67.3

19.6
24.4
32.7
517
60.0
417
56.8
54.6

19.6
24.5
33.9
55.9
719
65.3
90.9
93.4

60.4 1128
64.6 126.6
319.6 150.4 145.1 138.3 251.9
3449 1549 151.0 1459 262.4

19.6
24.5
33.9
55.8
71.0
64.0
86.5
91.0
111.0
122.9
249.3
254.8

19.6
245
339
55.6
69.8
62.1
83.5
88.6
107.7
122.1
2443
2484

19.7
24.5
34.8
61.0
79.8
735 719
959 927
114.4 112.4
139.9 137.0
162.7 159.2
381.2 374.6
387.9 379.8

19.7
24.5
34.8
60.7
78.9

19.7
24.5
34.8
60.1
71.2
68.8
88.5
107.3
132.7
157.3

21.8
26.5
35.3
48.8
51.9
345
36.8
34.3
42.8
52.9

367.1 126.5 140.8
371.5 138.8 145.1

22.0
26.7
36.1
515
58.3
41.4
448
448
54.7
62.6

21.9
26.7
37.4
55.9
68.8
54.0
69.3
787
97.9
116.6

19.6
24.4
32.7
454
48.4
345
345
31.8
40.1
50.1

260.4 118.0 196.9
287.1 125.3 221.7

19.7
24.5
33.8
53.8
62.1
49.0
58.6
66.0 89.3
83.1 117.2
90.4 138.3
293.7
321.0

19.6
24.4
34.1
54.5
66.9
53.3
73.9

19.6
24.4
327
45.4
48.4
345
345
31.8
40.1
50.1
118.0
125.3

22.0
26.8
38.0)
63.8
84.9
7.4
110.4
128.5)
155.5
172.1
381.2
387.9

2025
min
max

218 218 218
165.0 157.3 150.1

21.8
226.6

21
217

8 218
.7 206.6

22.0
377.0

22.0
354.6

220 196 196 196 196

344.9 1549 151.0 145.9 262.4

19.6
254.8

19.6
248.4

197 197
387.9 379.8

197 218

371.5 138.8 145.1

22.0

219 196 197
287.1 125.3 221.7

19.6
321.0

19.6

387.9




Table 5.- Median of the F for the 24 OMs in the projection years: 2014-2025.

2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
min
max

1

2

3

4

5

6

7

8

9

10

11

12

12

13

14

15

16

17

18

19

20

21

22

23

24 min max

0.395
0.444
0.269
0.292
0.181
0.096
0.057
0.046
0.048
0.048
0.037
0.036

0.395
0.444
0.294
0.322
0.204
0.112
0.066
0.051
0.051
0.051
0.039
0.038

0.395
0.444
0.313
0.359
0.236
0.134
0.078
0.057
0.056
0.055
0.041
0.039

0.395
0.435
0.253
0.238
0.149
0.076
0.046
0.036
0.038
0.041
0.032
0.031

0.395
0.435
0.274
0.259
0.169
0.087
0.052
0.039
0.041
0.044
0.033
0.033

0.395
0.435
0.296
0.288
0.189
0.099
0.059
0.045
0.045
0.047
0.036
0.035

0.395
0.421
0.235
0.184
0.125
0.059
0.035
0.027
0.030
0.031
0.024
0.023

0.395
0.421
0.252
0.203
0.141
0.065
0.039
0.029
0.032
0.033
0.025
0.024

0.395
0.421
0.276
0.220
0.157
0.072
0.043
0.032
0.035
0.035
0.027
0.026

0.441
0.495
0.253
0.263
0.172
0.099
0.062
0.048
0.052
0.054
0.041
0.040

0.441
0.495
0.256
0.275
0.182
0.103
0.066
0.051
0.056
0.058
0.043
0.042

0.441
0.495
0.259
0.291
0.188
0.111
0.072
0.055
0.060
0.061
0.045
0.045

0.441
0.470
0.243
0.200
0.136
0.071
0.047
0.035
0.036
0.040
0.032
0.030

0.441
0.470
0.247
0.207
0.143
0.077
0.051
0.037
0.038
0.042
0.034
0.031

0.441
0.470
0.249
0.218
0.151
0.082
0.054
0.039
0.041
0.044
0.035
0.033

0.441
0.461
0.225
0.181
0.119
0.066
0.040
0.030
0.030
0.032
0.023
0.022

0.441
0.461
0.227
0.191
0.125
0.070
0.043
0.032
0.032
0.032
0.025
0.023

0.441
0.461
0.236
0.202
0.134
0.074
0.047
0.035
0.034
0.035
0.025
0.025

0.395
0.444
0.341
0.401
0.292
0.178
0.117
0.042
0.037
0.033
0.026
0.025

0.395
0.438
0.319
0.322
0.268
0.160
0.104
0.041
0.035
0.029
0.023
0.021

0.395
0.430
0.304
0.236
0.191
0.097
0.061
0.028
0.026
0.026
0.020
0.016

0.441
0.495
0.341
0.353
0.275
0.182
0.104
0.047
0.038
0.031
0.025
0.024

0.441
0.468
0.303
0.239
0.207
0.120
0.075
0.026
0.021
0.022
0.018
0.016

0.441
0.457
0.303
0.211
0.179
0.101
0.055
0.028
0.025
0.025
0.018
0.017

0.395
0.421
0.225
0.181
0.119
0.059
0.035
0.026
0.021
0.022
0.018
0.016

0.441
0.495
0.341
0.401
0.292
0.182
0.117
0.057
0.060
0.061
0.045
0.045

0.036
0.444

0.038
0.444

0.039
0.444

0.031
0.435

0.033
0.435

0.035
0.435

0.023
0421

0.024
0.421

0.026
0.421

0.040
0.495

0.042
0.495

0.045
0.495

0.030
0.470

0.031
0.470

0.033
0.470

0.022
0.461

0.023
0.461

0.025
0.461

0.025
0.444

0.021
0.438

0.016
0.430

0.024
0.495

0.016
0.468

0.017
0.457

0.016

0.495

Table 6.- Median of the Landings (thousand tons) for the 24 OMs in the projection years: 2014-2025.

2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025

min

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

min

max

145
138
125
105
8.4
6.9
5.7
5.9
6.3
74
8.9
10.5

145
138
133
11.2
8.9
73
6.0
6.0
6.2
73
8.7
10.3

145
13.8
14.2
11.8
9.4
7
6.3
6.0
6.2
74
8.9
104

145
138
125
10.8
8.6
72
6.3
6.3
7.3
8.8
105
12.6

145
138
134
113
9.0
75
6.4
6.5
76
9.0
108
12.9

14.5
13.8
14.2
12.0
95
8.0
6.6
6.7
7
9.2
11.0
13.0

145
138
12,6
10.7
8.7
75
6.8
74
8.6
10.2
122
14.6

145
138
133
114
9.1
7
71
76
8.9
10.6
12.7
15.2

14.5
13.8
14.2
12.0
9.6
8.1
72
78
9.1
10.9
13.0
15.6

145
138
11.0
9.7
78
7.0
6.1
5.9
6.5
7.8
9.4
112

145
138
11.0
10.3
8.3
74
6.3
6.1
6.7
8.0
95
112

145
13.8
11.0
11.0
8.8
7
6.6
6.3
6.8
8.2
9.7
114

145
138
11.0
10.0
8.0
75
6.7
71
8.2
9.7
116
13.8

145
13.8
11.0
10.6
85
78
6.8
74
8.6
10.1
12.0
14.2

14.5
13.8
11.0
111
8.9
8.2
7.0
76
8.8
104
124
14.7

145
138
11.0
10.2
8.3
8.0
6.8
76
8.9
10.5
12.6
15.1

145
13.8
11.0
10.8
8.7
8.4
71
78
9.2
10.9
131
15.7

145
13.8
11.0
115
9.3
85
74
8.1
9.7
114
13.6
16.3

145
138
16.6
14.9
14.6
12.0
13.0
7.2
5.0
5.0
6.0
6.0

145
13.8
16.6
14.9
14.6
13.7
14.0
115
9.4
6.8
6.6
7.2

145
138
16.6
14.9
14.6
138
14.0
133
128
116
119
112

145
138
16.6
149
143
118
9.3
5.6
5.0
5.0
5.8
6.0

145
13.8
16.6
14.9
14.6
12.2
14.0
113
6.8
6.9
71
7.8

14.5
13.8
16.6)
14.9
14.6
12.9
14.0
12.7
13.5
11.0
11.5
10.5

145
138
11.0
9.7
78
6.9
5.7
5.6
5.0
5.0
5.8
6.0

14.5
13.8
16.6
14.9
14.6
13.8
14.0
13.3
13.5
11.6
13.6
16.3

5.7
145

6.0
145

6.0
145

6.3
145

6.4
145

6.6
145

6.8
14.6

71
152

72
15.6

5.9
145

6.1
145

6.3
145

6.7
14.5

6.8
145

7.0
14.7

6.8
15.1

71
157

74
16.3

5.0
16.6

6.6
16.6

112
16.6

5.0
16.6

6.8
16.6

10.5
16.6)

5.0

Table 7.- Results for PS1: P(SSBy<Biim). In italics and bold, the values higher than 0.1.
PS1

PS1a: Probability of being below Blim year by year

2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

0.08
0.07
0.11
0.12
0.14
0.22
0.22
0.17
0.11
0.09
0.04
0.04

0.08
0.07
0.11
0.13
0.15
0.25
0.25
0.21
0.13
0.10

0.08
0.07
0.11
0.14
0.17
0.29
0.29
0.23
0.16
0.13

0.08
0.07
0.09
0.09
0.11
0.18
0.17
0.15
0.13
0.11

0.05 0.06 0.07
0.04 0.05 0.07

0.08
0.07
0.09
0.11
0.13
0.21
0.20
0.18
0.16
0.14
0.10
0.09

0.08
0.07
0.09
0.11
0.14
0.24
0.24
0.21
0.18
0.15
0.12
0.12

0.08
0.06
0.09
0.10
0.11
0.15
0.13
0.12
0.10
0.09
0.08
0.08

0.08
0.06
0.09
0.11
0.12
0.16
0.15
0.13
0.11
0.09
0.08
0.08

0.08
0.06
0.09
0.12
0.13
0.18
0.16
0.14
0.12
0.11
0.09
0.09

0.13
0.08
0.13
0.13
0.15
0.23
0.21
0.19
0.13
0.11
0.06
0.04

0.13
0.08
0.13
0.13
0.15
0.25
0.23
0.21
0.14
0.11
0.06
0.04

0.13
0.08
0.13
0.13
0.15
0.27
0.25
0.22
0.15
0.12
0.06
0.04

0.12
0.08
0.12
0.10
0.11
0.17
0.17
0.14
0.12
0.10
0.07
0.07

0.12
0.08
0.12
0.10
0.12
0.18
0.18
0.15
0.13
0.11
0.07
0.07

0.12
0.08
0.12
0.10
0.12
0.19
0.19
0.16
0.13
0.12
0.08
0.08

0.12
0.08
0.09
0.08
0.10
0.15
0.14
0.11
0.09
0.08
0.07
0.07

0.12
0.08
0.09
0.08
0.11
0.16
0.15
0.12
0.10
0.09
0.08
0.08

0.12
0.08
0.09
0.09
0.11
0.17
0.15
0.12
0.10
0.09
0.08
0.08

0.08
0.07
0.11
0.14
0.20
0.37
0.37
0.34
0.23
0.18
0.09
0.07

0.08
0.07
0.10
0.13
0.16
0.29
0.32
0.29
0.21
0.18
0.08
0.06

0.08
0.07
0.10
0.13
0.15
0.24
0.23
0.19
0.14
0.10
0.04
0.03

0.13
0.08
0.13
0.16
0.21
0.33
0.36
0.32
0.25
0.18
0.09
0.07

0.12
0.08
0.10
0.12
0.12
0.25
0.25
0.23
0.19
0.14
0.06
0.05

0.13
0.08
0.10
0.11
0.14
0.20
0.23
0.19
0.13
0.10
0.04
0.03

PS1b: Mean of the P(SSB<BIim)

2016-2020
2021-2025
2016-2025

016 018 020 0.3
0.09 011 012 011
013 014 016 0.2

0.15
0.13
0.14

0.16
0.16
0.16

0.12
0.09
0.10

0.12
0.10
0.11

0.14
0.11
0.12

0.17
0.10
0.14

0.18
0.11
0.14

0.19
0.12
0.15

0.13
0.10
0.12

0.14
0.11
0.12

0.14
0.11
0.13

0.12
0.09
0.10

0.12
0.09
0.11

0.12
0.10
0.11

0.24
0.18
0.21

0.20
0.16
0.18

0.17
0.10
0.13

0.24
0.18
0.21

0.17
0.13
0.15

0.16
0.10
0.13

PS1c: Probability of being below Blim at the end of each period

2020
2025

022 025 029 017 020 024 013 015
0.04 004 005 007 0.09 012 008 0.8 0.09

0.16

0.21

0.23

0.25

0.04 004 0.04

0.17

0.18

0.07_0.07

0.19
0.08

0.14
0.07

0.15
0.08

0.15
0.08

0.37
0.07

0.32
0.06

0.23
0.03

0.36
0.07

0.25
0.05

0.23
0.03




Table 8.- Results for PS2: P(Fy>Fnsy). In italics and bold, the values higher than 0.3.

PS2a: Probability of being above Fmsy year by year

2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025

1

2

3

4

5

6

7

8

9

10

13

PS2

11

12

13

14

15

16

17

18

19

20

21

22

23

24

1.00
1.00
0.91
0.86
0.65
0.38
0.29
0.17
0.10
0.07
0.04
0.04

1.00
1.00
0.92
0.88
0.70
0.43
0.32
0.22
0.13
0.10
0.04
0.05

1.00
1.00
0.94
0.90
0.74
0.51
0.37
0.26
0.17
0.12
0.06
0.05

1.00
1.00
0.87
0.77
0.57
0.33
0.23
0.16
0.12
0.10
0.07
0.06

1.00
1.00
0.89
0.79
0.61
0.36
0.27
0.20
0.15
0.13
0.10
0.09

1.00
1.00
0.92
0.80
0.64
0.39
0.29
0.22
0.18
0.16
0.12
0.11

1.00
0.99
0.82
0.67
0.46
0.23
0.16
0.12
0.09
0.09
0.08
0.07

1.00
0.99
0.85
0.69
0.52
0.27
0.18
0.13
0.10
0.09
0.08
0.08

1.00
0.9
0.87
0.72
0.57
0.30
0.20
0.15
0.11
0.10
0.09
0.09

1.00
1.00
0.88
0.81
0.60
0.38
0.29
0.18
0.11
0.10
0.05
0.06

1.00
1.00
0.88
0.82
0.63
0.42
0.31
0.19
0.13
0.12
0.07
0.07

1.00
1.00
0.88
0.84
0.65
0.44
0.34
0.22
0.15
0.14
0.08
0.08

1.00
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0.54
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0.15
0.13
0.09
0.09
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0.44
0.24
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1.00
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0.79
0.71
0.57
0.44
0.26
0.21
0.18
0.10
0.08

1.00
0.99
0.83
0.67
0.60
0.42
0.33
0.18
0.12
0.07
0.03
0.02

1.00
1.00
0.85
0.84
0.71
0.58
0.45
0.29
0.20
0.17
0.10
0.09

1.00
1.00
0.83
0.71
0.61
0.47
0.39
0.21
0.17
0.12
0.07
0.06

1.00
1.00
0.82
0.63
0.56
0.43
0.33
0.16
0.12
0.07
0.03
0.02

PS2b: Mean of the P(F<Fmsy)

2016-2020
2021-2025

0.62 065 0.69
0.08 011 013

0.55
0.10

0.58
0.13

0.61
0.16

0.47

0.50

0.09 0.10

0.53
0.11

0.59
0.10

0.61
0.11

0.63
0.13

0.50
0.10

0.51 053
011 013

0.45
0.08

0.47
0.09

0.49
0.10

0.71
0.17

0.67

0.57

2016-2025( 0.35 0.38 041 0.33

036 038 0.28 0.30

0.32

0.35 0.36

038 030 031 033

0.27 0.28

0.29

0.17

0.44

0.42

0.08

0.33

0.69
0.17
0.43

0.60
0.13
0.37

0.55
0.08
0.32

PS2c: Probability of being below Blim at the end of each periodin some moment of the period below Blim

2020
2025

029 032 037 023 027 029 016 018 020 029 031 034 020 022 025
0.04 005 005 006 0.09 011 007 008 0.09 0.6 007 008 007 0.08 0.09

0.17
0.07

0.18
0.07

0.19
0.08

0.47 044
0.08 0.08 0.02 0.09

0.33

0.45

0.39
0.06

0.33

0.02

Table 9.- Results for PS3: P(SSBy/SSB2013<0.75). In italics and bold, the values higher than 0.1.

PS3
P(SSB2020/SSB2013<=0.75)
P(SSB2025/SSB2013<=0.75)
P(minSSB[2014:2020]/SSB2013)<=0.75)
P(minSSB[2021:2025)/SSB2013)<=0.75)
P(minSSB[2014:2025)/SSB2013)<=0.75)

1 2 3 4 5

6

7 8

9 10 11 12 13

14 15

16 17

18

19

20

21

22

23

24

029 032 035 023 026
004 005 006 008 0.11
087 087 087 086 087
026 03 034 023 025
087 088 0.88 087 087

0.28
0.13
0.87
0.27
0.87

017 019
0.08 0.09
086 0.86
015 0.16
0.86 0.86

021 030 031 033 022
0.09 0.06 007 007 0.08
087 097 097 097 097
018 03 031 033 019
087 097 097 097 097

023 024
0.09 0.10
097 097

02 021
097 097

018 0.19
0.08 0.08
097 097
015 0.16
097 097

0.20
0.09
0.97
0.17
0.97

0.44
0.12

0.9
0.49
0.92

0.37
011
0.88
041

09

0.29
0.05
0.88
0.27
0.89

0.43
0.12
0.97
0.48
0.98

031
0.09
0.97
0.32
0.98

0.28
0.05
0.97
0.26
0.97

Table 10.- Results for PS4: Mean of the TACs of different periods (median).

PS 4 1 2

3 4 5 6 7

8

9 10

1 12 13 14

15

16

17

18

19

20

21

22

23

24

Mean TAC_2014-2020
Mean TAC_2021-2025
Mean TAC_2014-2025

104 108
78 17
94 97

112 107
78 91
99 100

9.4

110 114 108 111 115
95 107 110 113
103 105 108 111 114

10.1
8.1
9.4

104 106
83 85
96 99

104 106
101 104
102105

10.8
10.7
10.7

10.6
11.0
10.7

10.8
114
11.0

111
11.9
11.3

14.3

54
9.7

145
7.0
11.7

14.6
12.7
13.8

13.8
5.4
8.8

144
6.9
11.0

145
12.4
13.8

14.6
12.7
13.8
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Table 11.- Results for PS5: Number of times the constraint of 20% (at the lower and at the higher boundaries)
has been applied on average during the period.

PS_5
upp20 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
2014 00 00 00 O00 00 00 OO 00 OO 00O 0O 0O 00O OO 00O OO 00O OO 00 00 00 00 00 0.0
2015 00 00 00 00 00 00 00O 00 00 00 00O OO 00 00 00 0O 00O 00 00 00 0O 00 00 00
2016 00 00 00 O00 00 02 00 00 04 00 00 00 00 00 00 OO0 00 0.0 9.6 9.8 904 868 868 872
2017 50 34 40 658 44 40 74 60 58 166 194 244 180 218 272 186 236 286 76 74 76 114 114 112
2018 02 00 00 00 00 00 04 06 06 10 16 16 22 24 34 28 32 38 20 24 20 34 36 40
2019 50 42 42 108 104 98 158 152 142 98 100 114 196 198 20.0 250 26.0 26.2 424 432 432 414 416 418
2020 54 46 46 138 128 120 218 208 210 108 9.2 100 240 232 248 312 308 29.8 410 39.8 410 412 448 438
2021 30.8 270 246 394 376 346 478 480 444 358 348 344 496 494 464 514 524 510 278 314 368 268 336 38.0
2022 51.6 496 452 584 552 546 722 682 676 552 556 538 64.6 646 63.8 702 706 712 358 410 466 388 440 446
2023 810 806 756 81.0 782 750 866 856 83.8 822 808 814 840 83.6 830 862 856 84.6 402 430 478 36.8 46.6 472
2024 842 818 798 852 818 788 872 858 848 822 822 810 856 838 828 870 872 86.2 442 386 488 414 384 452
2025 83.8 810 782 844 820 784 858 84.6 836 80.0 784 776 828 820 812 860 858 850 50.0 49.2 540 504 526 55.0

mean 2014-2020| 22 17 18 43 39 37 65 61 60 55 57 68 91 96 108 111 119 126 262 262 263 263 269 269
mean 2021-2025| 66.3 64.0 60.7 69.7 67.0 643 759 744 728 67.1 664 656 733 727 714 762 763 756 39.6 406 46.8 388 43.0 46.0
mean 2014-2025| 28.9 27.7 264 316 302 29.0 354 346 339 311 310 313 359 359 36.1 382 388 389 318 322 349 315 336 348

low20 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
2014 00 00 00 00 00 00 0O 00 00 00 00O OO 00 00 00 0O 00O 00 00 00 0O 00 00 00
2015 00 00 00 00 00 00 OO 00 00 00 00O O0O 00 00 00 0O 00O 00 00 00 0O 00 00 00
2016 30 02 00 32 02 00 24 02 00 8.8 780 660 86 770 668 858 792 668 94 92 96 132 132 128
2017 456 476 50.2 402 398 458 406 40.0 428 382 338 29.0 356 310 282 348 288 242 34 32 32 48 44 48
2018 88.8 874 896 868 840 866 818 812 810 862 838 842 818 778 766 772 768 768 54 40 48 78 64 6.0
2019 774 786 804 696 698 708 606 622 648 66.8 652 644 542 536 53.0 484 474 486 222 214 212 256 252 250
2020 676 706 746 578 592 642 466 484 538 63.6 652 66.4 498 526 514 476 488 472 276 298 266 302 288 282
2021 420 464 484 32,6 364 384 260 292 318 344 346 354 300 284 276 234 232 242 386 356 302 354 352 304
2022 238 276 314 218 242 264 148 162 164 238 250 258 186 19.6 194 136 146 154 228 208 226 216 212 192
2023 106 10.0 140 106 130 172 9.0 104 118 102 112 122 120 124 130 9.0 94 102 250 220 214 242 216 226
2024 92 102 130 104 124 150 102 104 114 96 102 118 106 108 120 9.0 94 92 262 288 290 254 298 26.4
2025 82 9.0 106 108 118 152 100 106 124 100 104 126 114 124 126 104 102 112 252 242 254 224 224 24.6

mean 2014-2020| 40.3 40.6 421 36.8 36.1 382 331 331 346 487 466 443 439 417 394 420 401 377 97 97 93 117 111 110
mean 2021-2025| 188 20.6 235 172 19.6 224 140 154 168 176 183 19.6 165 167 169 131 134 140 276 263 257 258 26.0 246
mean 2014-2025| 31.4 323 344 287 292 31.6 252 257 272 357 348 340 325 313 301 299 290 278 172 16.6 162 176 174 167

20 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
2014 00 00 00 00 00 00 OO 00 00 00 00O OO 00 00 00 0O 00 00 00 00 0O 00 00 00
2015 00 00 00 00 00O 00 0O 00 OO 00O 0O 0O 00O OO 00O OO 00O 00O 00 00 00 00 00 0.0
2016 30 02 00 32 02 02 24 02 04 8.8 780 660 856 770 66.8 858 792 66.8 100.0 100.0 100.0 100.0 100.0 100.0
2017 50.6 510 542 460 442 498 480 46.0 486 548 532 534 536 528 554 534 524 528 110 106 108 162 158 16.0
2018 89.0 874 896 868 840 866 822 818 816 872 854 858 840 802 80.0 800 80.0 8.6 74 64 68 112 100 10.0
2019 824 828 846 804 802 806 764 774 790 76.6 752 758 738 734 73.0 734 734 748 646 646 644 670 668 66.8
2020 73.0 752 792 716 720 762 684 692 748 744 744 764 738 758 762 788 79.6 770 686 69.6 676 714 736 720
2021 728 734 730 720 740 730 738 772 762 702 694 698 79.6 778 740 748 756 752 66.4 670 670 622 688 684
2022 754 772 766 802 794 810 870 844 840 79.0 806 796 832 842 832 838 852 866 586 618 692 604 652 63.8
2023 916 906 89.6 916 912 922 956 96.0 956 924 920 936 960 960 96.0 952 950 948 652 650 692 610 682 69.8
2024 934 920 928 956 942 938 974 962 962 918 924 928 96.2 946 948 960 966 954 704 674 778 668 682 716
2025 920 90.0 88.8 952 938 936 958 952 96.0 90.0 888 90.2 942 944 938 964 96.0 96.2 752 734 794 728 750 79.6

mean 2014-2020| 42.6 42.4 439 411 401 419 39.6 392 406 541 523 511 530 513 502 531 521 503 359 359 357 380 38.0 378
mean 2021-2025| 85.0 84.6 842 869 865 86.7 89.9 898 896 847 846 852 898 894 884 89.2 897 896 672 669 725 646 69.1 70.6
mean 2014-2025| 60.3 60.0 60.7 60.2 594 606 60.6 603 61.0 669 658 653 683 672 66.1 68.1 678 66.7 49.0 488 51.0 49.1 51.0 515
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Stock-Recruitment Relsationships with M fix
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Figure 1.- Median Stock-Recruitment relationships (SR2 and SR3) and median Recruitment for M fix.
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Figure 2.- Median Stock-Recruitment relationships (SR2 and SR3) and median recruitment for M variable.
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Figure 3.- Weight-at-age in stock. Mean of ages 4-8.
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2022

2023

2024

2025

g SSB_Model Based_ Mfix 2 | SSB_Model Based_Mvar R
]
—— Mfx_SR1_Bayss_F20
—6— Mfx_SR1_Bayss_F35
1 —s— Mfix_SR1_Bayes_F50
o - M- Mfx_SR2_Bayes_F20
-B- M SR2 Bayes F35
-B- M SR2 Bayes FS0
-4 Mfx_SR3_Bayes_F20
3 A Mfx_SR3_Bayes_F35
o 0 Mfix_SR3_Bayes_F50
8 &
o
: SSB_Model Free_ Mfix 2 SSB_Model Free_Mvar
o o A
B a8 -
—+— M _SR1_Fres —+— Mvar_SR1_Fres Frone
. -m- Mfx_SR2_Free Frone - -m- Myar_SR2 Fres Frone .a
& + = 4 Mvar_SR3_Frae_Fnons -~
o o
2 2
- -
o =
T T T T T T T T T T T T T T T
2014 2015 2018 207 2018 2019 2020 2021 2022 2023 2024 2025 2014 2015 2016 07 2018 2020 2022 2024 2025
Year Year

Figure 5.- Values of the median of SSB by Stock-Recruitment relationship for the different M scenarios.
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Figure 9.- Values of the median of Landings by Stock-Recruitment relationship for the different M scenarios.
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Figure 12.- Results of the PS1: P(SSB<Biin) for all the tested scenarios. The horizontal line corresponds to a 10%

of probability. PS1c: Probability at the end of each period.
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Figure 13.- Results of the PS2: P(F>Fysy) for all the tested scenarios. The horizontal line corresponds to a 30% of

probability. PS2a: Probability year by year.




0.8

0.6

0.4

02

0.0

05

0.4

0.3

0.2

0.0

21

PS2b: Mean of P(F>Fmsy) over each period

probability. PS2b: Mean probability over each period.
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Figure 14.- Results of the PS2: P(F>Fp,sy) for all the tested scenarios. The horizontal line corresponds to a 30% of

PS2c: P(F>Fmsy) at the end of each period

probability. PS2c: Probability at the end of each period.
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Figure 15.- Results of the PS2: P(F>Fysy) for all the tested scenarios. The horizontal line corresponds to a 30% of
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Figure 16.- Results of the PS3 for all the scenarios: P(SSB2020/SSB2013<0.75); P(SSB2033/SSB2013<0.75);

P(min(SSB2014-2020)/SSB2013<0.75); P(min(SSB2021-2033)/SSB2013<0.75). The horizontal lines
correspond to a 10% of probability.
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Figure 17.- Median (solid line) and 95% confidence interval (dot lines) of the mean of the TAC for all the cases

in the 2014-2020 and 2014-2033 periods.
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Figure 18.- Limited annual catch variation : number of times the constraint is applied (%).



24

g - Mf_SR1_Bayes_Ftg35: SSB
- )
27 —8— With constraint "0
-©-  Withouth constraint
g
g ¢
£ o
8
8 >
|
_F_-—J—'a'/‘//
—
T T T T T T T T T T T T
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Figure 19.- SSB with and without constraint for scenario model based, SR1, M fix and F3s.
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Figure 20.- F with and without constraint for scenario model based, SR1, M fix and F3sg.
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Figure 21.- Landings with and without constraint
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Figure 22.- PS1a with a without constraint for scenario model based, SR1, M fix and F3s¢.
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Figure 23.- PS2a with a without constraint for scenario model based, SR1, M fix and F3s.




