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Summary 

This document provides extends the MSE simulation-testing process suggested for Gulf Menhaden 
in Rademeyer and Butterworth (2019) to make specific suggestions for a Management Procedure 
(MP) which would provide a basis to impose catch limitations on the fishery, though only when 
survey indices suggest that resource abundance has dropped further than is desirable. In 
particular, a reasonably large number of robustness tests has been developed to check if the MP 
(harvest control rule, which would set a catch limit based on recent values of abundance survey 
indices) provides robust performance (particularly as regards safeguarding the resource from 
undue depletion) in the face of assessment and other uncertainties. It transpires that for the 
current range of annual catch sizes, such a rule is really necessary only in the future circumstances 
of increasing natural mortality or a period of poor recruitment. A tuning criterion is put forward 
as a basis to compare the performances of different MPs (essentially different choices for the 
parameters of the harvest control rule). Finally, a suggestion is made for the value of one of these 
parameters (that of a composite survey abundance index) below which a catch limit would be 
imposed; higher values for this choice would lead to a greater frequency of (unnecessarily) 
imposing a catch limit, whereas lower values result in smaller values for lowest level of egg 
production expected and higher values of the average annual variability in landings. The 
composite survey index has been above the threshold value suggested for the last ten years.   

 

Introduction 

This document provides extensions to the simulation-testing process of Management Strategy Evaluation 
(MSE) suggested in Rademeyer and Butterworth (2019) for Gulf menhaden. The objective is to develop a 
“Management Procedure” (MP) that provides a basis to impose catch limitations on the fishery, though 
only when survey indices suggest that abundance has dropped further than is desirable. The reasons for 
the desirability of such an approach are set out in Rademeyer and Butterworth (2019). The document first 
develops a basis to test the robustness of such an MP to alternative possible dynamics for the Gulf 
menhaden resource and its associated fishery. It then proceeds to provide the results of such tests for 
alternative possible MPs (essentially different harvest control rules), and provides suggestions on an 
appropriate trade-off choice on which to base the final selection of an MP.  

 

Methods 

The Base Case Operating Model (OM) taken forward here to reflect the dynamics of the Gulf menhaden 
population as a basis for MP testing mimics the BAM Base Model developed for the assessment of this 
resource (SEDAR, 2018). 

The projections 

Key aspects of the 20-year projections conducted are as follows, with full details (including some 
exceptions to the broad statements made below) set out in Appendix A. Note that the second, third and 
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last of the bullets below reflect adjustments from procedures followed in Rademeyer and Butterworth 
(2019). 

- Unless otherwise specified, future dynamics are the same as for the BAM Base Model assessment. 
- Future annual landings are drawn at random, with replacement, from the 2000-2017 values. The 

landings in 2018 are taken to be 525 635 mt. Since already half of 2019 has passed, a catch drawn at 

random from 2000-2017 is assumed for 2019 and then projected forward on this same basis, except 

when overridden by the harvest control rule, from 2020 to 2039. 

- A maximum full fishing mortality (Fmax, taken as 105% of the estimated historical maximum full 

fishing mortality) is imposed to avoid unrealistic values, i.e. instances where the low size of the 

resource makes it unlikely the future intended catch could be taken, so that this is overridden by a 

value corresponding to Fmax. If future fishing mortality is computed to be above Fmax, then the 

selectivity for that year for age 1 is changed to 0.8 and the fishing mortality is recomputed. If this 

recomputed fishing mortality is still above Fmax, the landing is recalculated assuming an apical fishing 

mortality of Fmax (and the “widened” selectivity). The choice of 0.8 (increased from the 0.6 suggested 

in Rademeyer and Butterworth (2019)) has been made so as to reduce the chance that the resource 

is “protected” from undue depletion through inability to make the intended catch, rather than by the 

management rule (MP), and hence provides a more stringent test of the efficacy of that rule. 

- A hockey-stick is assumed for the stock-recruitment curve, with the break taken as SSB=1.8x106 (in 
billions of eggs)1 – see Figure 1.  

- Future recruitment residuals are drawn at random, with replacement, from the 1978-2017 model 
estimated residuals. 

- Future survey results are computed assuming log-normal observation error, with standard deviation 
computed from past (2005+) model estimated error. The selectivity and catchability values are taken 
to be as estimated for the BAM Base Model. Auto-correlation has been included in the future for the 
seine index, with the autocorrelation coefficient as estimated in the conditioning2 of the OM 
concerned. 

 

Robustness tests 

Robustness tests have been developed over recent months in collaboration with a technical group 
consisting of David Chagaris, Peter Himchak, Robert Leaf, Genny Nesslage and Amy Schueller. These tests 
are listed in Table 1, and fall into two categories. 

a) OMs considered to reflect alternative plausible realities to the Base Case OM, for which any MP 
considered for implementation must evidence reasonably robust performance (Type A). 

b) Other OMs whose plausibility is low at best, but which have been included more with a view to 
check how far the MPs considered can be “pushed” before they provide inadequate performance) 
(Type B). 

 

The Management Procedure considered 

 
1 For convenience all future reference to numbers of eggs (“SSB”) will be in units of million billions, so that the break 
value indicated here becomes 1.8. 
2 There is no indication of auto-correlation in recruitment. For the gillnet index, auto-correlation varies substantially 
depending on the relative weighting assigned to the two indices, and could be appreciably negative, suggesting 
(questionably) enhanced precision of the index, so that it was decided to set it to zero when projecting.  
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The MP considered is empirical. It overrides and reduces a landing drawn from the historical set only if 
the value of a combined abundance index (𝐽𝑦 for year y) falls below a threshold level (𝐽𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑) specified 

for that index. If the threshold is breached, a TAC is set based of the value of this combined index, which 
is a weighted average of the gill net and seine indices, i.e.:  

If 𝐽𝑦 < 𝐽𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑: 

𝑇𝐴𝐶𝑦+1 = 𝛾𝐽𝑦          (1) 

Figure 2 illustrates the rule for a initial choice of control parameter parameter values ( 𝐽𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 =
 0.8  and 𝛾 = 500) for this “harvest control rule”, and also plots historical values of the combined index. 
More details are given in Appendix B.  

The performance of the MP is reported in terms of a number of performance statistics, which are listed 
and defined in Appendix C. 

 

Results  

Results for conditioning (i.e. fitting the BAM for) the Base Case and Robustness test OMs are shown in 
Appendix D. Note that results are required only for those tests which involve historical (and not projection 
only) changes to the Base Case, so that the OM has to be refitted. Throughout the conditioning appears 
satisfactory, with no indications of systematic lack of fit to the abundance indices. 

Figure 3 provides a summary of certain key performance statistics for the Base Case and all the Robustness 
test OMs, indicating the differences in performance with and without the baseline MP (harvest control 
rule). 

It is evident from Figure 3 that for the more plausible (Type A) OMs, only in the cases of Robustness tests 
1.5 (increasing natural mortality M in the future) and  4.1 (a period of decreased recruitment in the future) 
is there any need for some restriction along the lines of a harvest control rule to counter undesirable 
depletion of the resource through harvesting. Hence it is only for these OMs that projection plots showing 
the differences in performance with and without the baseline MP in place are shown in the main text 
(Figure 4 and Table 2). The corresponding plots, together with a Table of performance statistics, for the 
rest of the OMs are provided in Appendix E.  

 

MP variants 

Appendix F shows results for the Base Case OM, and the 1.5 and 4.1 Robustness tests, for changed values 
of the three control parameters of the Baseline MP (𝐽𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑, 𝛾 and p). It is evident that as the value of 
p is increased, there is a trade-off between an increase in the lowest landing, but a decrease in the lowest 
egg production (denoted by SSB) value to be expected (this occurs because with a larger value of p, there 
is a greater delay in an adequate response to recent poor values for the resource indices). For further 
evaluations, the value of p was set to 2 to reflect a reasonable choice for this trade-off. 

For readier comparison of results, the choice of the other two control parameter values (𝐽𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑  and 
𝛾) was made by fixing the value of 𝐽𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 and then tuning the corresponding value of 𝛾 so that the 
median lowest egg production (denoted by SSB) for the 4.1 Robustness test was equal to 1.0. One cannot 
expect to achieve the same minimum abundance in the Robustness tests as for the Base Case OM, as they 
reflect less net resource productivity; note that Figure 5 indicates that in the absence of landings, the 
lowest resource SSB on projection is a little over 3, whereas for both the 1.5 and 4.1 Robustness tests this 
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becomes only a little larger than 2. The choice of the value of median SSB = 1.0 as the criterion for tuning 
was that it similarly achieves a median lowest SSB on projection under harvest that is about 1.0 less than 
that under harvest for the Base Case OM (see Figure 5; in addition, projections are shown in Figure 6).  

For reasons discussed below the tuned MP with 𝐽𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 = 0.9 seems to provide the best trade-offs, and 
is therefore “advocated”. Further results for projections under this MP for the Base Case OM, and for the 
1.5 and 4.1 Robustness tests, are shown in Figures 7 and 8, with performance statistics reported in Table 
3. 

As a sensitivity, the replacement of a linear by a quadratic harvest control rule was explored, i.e.: 

If 𝐽𝑦 < 𝐽𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑: 

𝑇𝐴𝐶𝑦+1 = 𝛾𝐽𝑦
2          (2) 

 
with 𝐽𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 fixed at 0.9 and 𝛾 tuned to 691 so that the median lowest egg production (denoted by SSB) 
for the 4.1 Robustness test was equal to 1.0. 

This improves the lower 5%-ile for the lowest SSB for the two key Robustness tests, though not for the 
Base Case OM; but this is at the expense of lower lowest landings and higher average annual landings 
variability (AAV) (see Figure 9 and Table 3). As the benefits of this change appear outweighed by the 
disadvantages, the choice of a linear rule would seem to be preferred. 

 

Discussion  

Figure 5 provides information on the trade-offs involved in making an appropriate choice for the value of 
the 𝐽𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 control parameter. Once 𝐽𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 exceeds 0.9, the values of performance statistics shown 
stabilise, so there seems no advantage in setting this value higher in circumstances where that would have 
the adverse consequence of the catch limit needing to be imposed more frequently. On the other hand, 
when 𝐽𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 is set lower than 0.9, the lowest landing anticipated drops and AAV increases. This 
suggests that the choice of an MP with 𝐽𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 = 0.9, 𝛾 = 500 thousand mt and p = 2 could be 
appropriate. Note that the composite index has not fallen below this 0.9 value in the last ten years (see 
Figure 2). 

These values do, however, follow given the tuning choice of a median lowest SSB of 1.0 for the 4.1 
Robustness test. While a basis for choosing this value is offered above, a more or less conservative MP 
could be obtained by increasing or decreasing this choice for the tuning value.  
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Table 1: List of the robustness tests used in MP testing. Note that “No refitting” means that the test involves changes in the future only. Type A 

OMs are considered to reflect alternative plausible realities to the Base Case OM, while the plausibility of Type B OMs is low at best, but these 

OMs have been included more with a view to check how far the MPs considered can be “pushed” before they provide inadequate performance. 

  Base Case Robustness No 
refitting 

Type 

1. Alternative choices for M       

1.1 

Lorenzen mortality vector 

M'(a)=1.2   A 

1.2 M'(a)=M(a)*exp(-0.1(a-2))   A 

1.3 M(4+)=1.67   A 

1.4 M increases linearly by 40% over next 20 years x B 

1.5 M increases linearly by 20% over next 20 years x A 

2. Alternative catch selectivity function       

2.1 
S(3) = S(4+) = 0.87 

S(3) = S(4+) = 1.0   A 

2.2 S(3) = S(4+) = 0.74   A 

2.3 S(1) in future as estimated in past S(1) in future, double that estimated in the past x B 

3. Indices 
 

    

3.1 Linear relationship to abundance: I = q*B sqrt relationship to abundance I =q*sqrt(B)   A 

3.2 Weighting: 4:1 gillnet to seine Weighting: 1:1 gillnet to seine   A 

3.3 
 

Observation error = 0.2 x A 

3.4 Observation error = 0.11 Observation error = 0.3 x B 

3.5  Observation error = 0.5 x B 

3.6 Flat 2+ gillnet selectivity in the future Increasing 2+ sel. slope over the next 20 years (to 0.4 age 4 in 20yrs) x B 

4. Period of future poor recruitment       

4.1 Future rec. drawn at random from past values  Five (2020-2024) years of bad recruitments (50%) x A 

5. Alternative stock-recruitment function       

5.1 Hockey-stick, hinge-point=1.8 billion eggs Hockey-stick, hinge-point=2.2 billion eggs x A 

6. Under-reporting of future catches (which is not noticed)     

6.1 Future catches=TAC Future catches = 1.1TAC (presence of these IUU catches is not realised) x A 

7. Maximal possible fishing mortality       

7.1 Fmax for projections = 1.05*Fmax historical Fmax for projections = 1.20*Fmax historical x A 
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Table 2: Performance statistics for the Base Case OM and Robustness tests 1.5 and 4.1 with and without 

the management rule (Baseline MP). 
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Table 3: Performance statistics for the Base Case OM and Robustness tests 1.5 and 4.1 without the management rule (“No rule”), with the 

advocated MP (“MP_2_0.9”) and with the quadratic MP (“MP_2_0.9_quad”). 
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Figure 1: Hockey-stick stock recruitment curve for Gulf Menhaden which is used to compute projected 
recruitment. The data points are those estimated in the BAM Base Model. 

 

 

Figure 2: Top plot: Illustration of the management rule (MP) for set control parameter values 
considered in the example for which results are reported. The horizontal dash lines show the 2000-
2017 minimum and maximum landing values. The historical (1999-2017) Jy vs TACy+1 are shown as black 
dots. Bottom plot: Historical combined index Jy values. 
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Figure 3: Median lowest egg production and landing values over the 2020-2039 projection period for 

each of the Base Case and Robustness test OMs without (full circles) and with (open circles) the 

Baseline MP. Type B OMs are shown in red.  
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Figure 4: Historical estimates and projected 20-year median with 10%- and 90%-iles for a series of 

quantities for the Base Case OM and Robustness tests 1.5 and 4.1, without (red lines) and with the 

management rule (Baseline MP, black lines)  
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Figure 5: Performance statistics for no landings (for SSB lowest only) (open dot), no harvest control 
rule (red dot) and MP variants with p = 2 for varying the value of the 𝐽𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 control parameter. The 
𝛾 control parameter value is tuned so that the median SSB for Robustness test 4.1 (poor future 
recruitment trial) is equal to 1 (shown by the horizontal red line). Results (median with 10%- and 90%-
iles) are shown for the Base Case OM and the Robustness tests 1.5 and 4.1. The (𝐽𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 ; 𝛾 ) 
combinations shown are (0.7 ; 293); (0.8 ; 400); (0.9 ; 500) – advocated and shown by crosses; (1.0 ; 
505) and (1.1 ; 500). 
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Figure 6: Median (full line) with 10%- and 90%-iles for projected landings and SSB for no harvest 
control rule and MP variants with p = 2 for 𝐽𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 = 0.7 and = 0.9, for the Base Case OM and 
Robustness tests 1.5 and 4.1.
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Figure 7: Worm plots for projected landings and SSB for the advocated MP variant with p = 2 for 
𝐽𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 = 0.9, for the Base Case and Robustness tests 1.5 and 4.1. 
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Figure 8a: Historical estimates and projected 20-year median with 10%- and 90%-iles for a series of quantities for the Base Case OM, without (red lines) and 
with (black lines) the advocated management rule.
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Figure 8b: Historical estimates and projected 20-year median with 10%- and 90%-iles for a series of quantities for Robustness test 1.5, without (red lines) and 
with (black lines) the advocated management rule.
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Figure 8c: Historical estimates and projected 20-year median with 10%- and 90%-iles for a series of quantities for Robustness test 4.1, without (red lines) and 
with (black lines) the advocated management rule. 
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Figure 9: Performance statistics for a) no harvest control rule (red dot), b) the advocated MP variant 
with p = 2 and 𝐽𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 = 0.9 (cross) and c) and MP variant with a quadratic instead of linear function 

(i.e. 𝑇𝐴𝐶𝑦+1 = 𝛾𝐽𝑦
2), with p = 2 and 𝐽𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 = 0.9. As for the linear MP, the 𝛾 control parameter 

value is tuned so that the median SSB for the 4.1 Robustness test (poor future recruitment trial) is 
equal to 1 (shown by the horizontal red line). Results (median with 10%- and 90%-iles) are shown for 
the Base Case OM and the 1.5 and 4.1 Robustness tests.
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Appendix A – Projection methodology details 

 

Projections into the future under a specific management rule (MP) are performed using the following 
steps. 

 

Step 1: Begin-year numbers at age 

The components of the numbers-at-age vector at the start of 2018 (𝑁2018,𝑎: a =1,…, m – where m is a 
plus-group)  are obtained from the MLEs for an assessment of the resource. The assessment used here 
is the BAM Base model. 

 

Step 2: Annual landings 

For 2018, 𝐿2018 = 525 635 mt. (A.1) 

From 2019 onwards: 

𝐿𝑦 is drawn at random, with replacement, from the observed 2000-2017 landings. 

From 2020, if the combined abundance index (see equation B2 In Appendix B) for year y-1 is below 
the threshold value, then a TAC applies to year y is computed using the MP (harvest control rule) (see 
equation (1) of the main text and Appendix B). 

 

Step 3: Landings-at-age (by number) 

The 𝐿𝑦,𝑎 values are obtained under the assumption that the commercial selectivity function (𝑆𝑎) 

estimated for the most recent period in the BAM Base Model (1996+) continues in the future. The full 
fishing mortality 𝐹𝑦 is solved iteratively to achieve the annual landing by mass: 

 𝐿𝑦 = ∑ 𝑤𝑎
𝑚𝑖𝑑𝑁𝑦,𝑎𝑆𝑎𝐹𝑦 (1 − 𝑒−𝑍𝑦,𝑎) 𝑍𝑦,𝑎⁄𝑚

𝑎=1  (A.2) 

where 

𝑤𝑎
𝑚𝑖𝑑 is the time invariant weight-at-age in the middle of the year, 

𝑁𝑦,𝑎 is the number-at-age vector for age a at the start of year y (with m the plus group), 

and 

𝑍𝑦,𝑎 = 𝐹𝑦𝑆𝑎 + 𝑀𝑎 is the total mortality-at-age vector for age a and year y. 

𝑀𝑎 is the natural mortality-at-age a (input). 

The numbers-at-age can then be computed for the beginning of the following year (y+1): 

 𝑁𝑦+1,1 = 𝑅𝑦+1 (A.3) 

 𝑁𝑦+1,𝑎+1 = 𝑁𝑦,𝑎𝑒−𝑍𝑦,𝑎     for 1  a  m – 2 (A.4) 

 𝑁𝑦+1,𝑚 = 𝑁𝑦,𝑚−1𝑒−𝑍𝑦,𝑚−1 + 𝑁𝑦,𝑚𝑒−𝑍𝑦,𝑚  (A.5) 

If the intended landing is such that the apical fishing mortality (that at the age at which selectivity is 

1) exceeds Fmax, then the selectivity for that year for age 1 is increased to 0.8 and the fishing mortality 

recomputed. If this recomputed apical fishing mortality is still above Fmax, the landings are instead 

limited to those corresponding to Fmax (and this “widened” selectivity). Fmax has been selected as 

5% above the maximum that occurred historically.  The choice of 0.8 (increased from the 0.6 suggested 

in Rademeyer and Butterworth (2019)) has been made so as to reduce the chance that the resource 
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is “protected” from undue depletion through inability to make the intended catch rather than by the 

management rule (MP), and hence provides a more stringent test of the efficacy of that rule. 

 

Step 4: Recruitment 

Expected values (in log space) for future recruitments (𝑅𝑦) are provided by a hockey-stick stock-

recruitment relationship:  

 

 𝑅𝑦 = {
𝑅 𝑖𝑓 𝑆𝑆𝐵𝑦 ≥ 𝑆𝑆𝐵𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑

𝑅

𝑆𝑆𝐵𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑
𝑆𝑆𝐵𝑦 𝑖𝑓 𝑆𝑆𝐵𝑦 < 𝑆𝑆𝐵𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑

 (A.6) 

where 

𝑅 is the geometric average of the model estimated past (1977-2017) values, 

𝑆𝑆𝐵𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 is a fixed value (1.8 million billion eggs produced), 

and 

 𝑆𝑆𝐵𝑦 = ∑ 𝑓𝑎
𝑚
𝑎=2 𝑁𝑦,𝑎 (A.7) 

with 

𝑓𝑎 = 𝜌𝑎𝑚𝑎𝑡𝑎𝑓𝑒𝑐𝑎 the reproductive output of a female fish of age a, 

𝜌𝑎 is the proportion of female at age a, 

𝑚𝑎𝑡𝑎 is the proportion mature at age a, and 

𝑓𝑒𝑐𝑎 is the fecundity at age a. 

When projecting, error is added to this expected value, so that for simulation replicate s, if  

𝑆 = {𝜀𝑦 = 𝑙𝑛𝑅𝑦 − 𝑙𝑛𝑅: 𝑦 = 1977, … , 2017}, then when projecting: 

𝑅𝑦
𝑠 = 𝑅𝑒𝜀∗

 

where 𝜀∗ is drawn at random with replacement from the set I of 𝜀𝑦 values 

Although the Recruitment vs Eggs produced plot from the BAM Base Model assessment shows no 
obvious relationship between the two, clearly there must eventually be some reduction in the number 
of recruits to be expected as egg production falls. We have taken the fairly standard approach here of 
assuming a hockey stick relationship whether the hinge-point occurs at the lowest historical annual 
egg production estimated, though for robustness and precaution a slightly higher value of 180 000 
billion eggs was chosen so as to avoid undue influence from the lowest two historical values.  

 

Step 5: 

The projected values for numbers-at-age are used to generate values of the abundance indices 𝐼𝑦+1
𝑖  

(in terms of numbers), and similarly for following years. Indices of abundance in future years will not 
be exactly proportional to true abundance, as they are subject to observation error. Log-normal 
observation error with autocorrelation is therefore added to the expected value of the abundance 
index in question (in log space), i.e.: 

 𝐼𝑦
𝑖 = 𝑞𝑖𝐵𝑦

𝑖 𝑒𝜀𝑦
𝑖
  (A.8) 

with 
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 𝜀𝑦
𝑖 =  𝜑𝑦

𝑖 − 𝜌𝑖𝜑𝑦−1
𝑖  (A.9) 

and 𝜑𝑦
𝑖  from 𝑁 (0, (𝜎𝑖)

2
) (A.10) 

where 

𝐵𝑦
𝑖  is the abundance available to and indexed by the survey: 

  𝐵𝑦
𝑖 = ∑ 𝑆𝑎

𝑖 𝑁𝑦,𝑎𝑒−𝑍𝑦,𝑎𝑇𝑖 12⁄𝑚
𝑎=1  (A.11) 

𝑇𝑖 is the timing of the survey (in month) (𝑇𝑖 = 6 for the gill net index and 3 for the seine index). 

The autocorrelation coefficient 𝜌𝑖 for the gillnet index, computed from the historical estimated 
residuals for the Base Case OM is -0.517 and varies considerably if the relative weighting of the two 
indices is changed. Negative values of auto-correlation enhance the effective precision of an index, 

the realism of which is questionable. It was therefore decided to set 𝜌𝑔𝑖𝑙𝑙 = 0 in projections. For the 

seine index, 𝜌𝑖 is set at 0.134, the value computed from the historical estimated residuals for the Base 
Case OM. 

The survey selectivities are assumed to remain unchanged. The catchabilities are taken to be those 
estimated in the OM (the BAM Base Model assessment). 

The residual standard deviations 𝜎𝑖 are estimated from the model fit. Since residuals seem to have 
increased in recent years, the residuals from 2005 onwards have been used for their computation: 

 𝜎𝑖 = √
1

∑ 12017
𝑦=2005

∑ (𝑙𝑛𝐼𝑦
𝑖 − 𝑙𝑛𝐼𝑦

𝑖 )
22017

𝑦=2005  (A.12) 

where 𝐼𝑦
𝑖  is the observed index value in year y for survey i and 𝐼𝑦

𝑖  is the corresponding model estimated 

value this yields 𝜎𝑖 =0.11 for the gill net index and 0.41 for the seine index. 

 

Step 6: 

Steps 1-5 are repeated for each future year in turn for as long a period as desired. 
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Appendix B – The Management Rule (Management Procedure) 
 

The management rule (MP) is empirical. It only overrides and reduces a landing drawn from the 
historical set if the value of a combined abundance index (see below) falls below a threshold level 
specified for that index. The basis for the associated computations is set out below:  

If 𝐽𝑦 < 𝐽𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑: 

𝑇𝐴𝐶𝑦+1 = 𝛾𝐽𝑦        (B.1) 

where 

𝑇𝐴𝐶𝑦 is the catch limit that applies for year y, 

𝐽𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 (no units) and 𝛾 (units: thousand mt) are control parameter (tuning) values (the initial 

choices (baseline MP) are 𝐽𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 = 0.8  and 𝛾 = 500); Figure 2 illustrates the rule for these choices 

for these control parameter values, and 

𝐽𝑦 is a measure of the immediate past level in the abundance indices that are available to use for 

calculations for year y: 

𝐽𝑦 =
1

𝑝
∑ [(𝑤𝑔𝑖𝑙𝑙

𝐼𝑦′
𝑔𝑖𝑙𝑙

𝐼2017
𝑔𝑖𝑙𝑙 + 𝑤𝑠𝑒𝑖𝑛𝑒

𝐼𝑦′
𝑠𝑒𝑖𝑛𝑒

𝐼2017
𝑠𝑒𝑖𝑛𝑒) (𝑤𝑔𝑖𝑙𝑙 + 𝑤𝑠𝑒𝑖𝑛𝑒)⁄ ]

𝑦
𝑦′=𝑦−𝑝+1    (B.2) 

with 

𝐼𝑦
𝑔𝑖𝑙𝑙

 and 𝐼𝑦
𝑠𝑒𝑖𝑛𝑒 being the observed gill net and seine indices, respectively, in year y,   

𝑤𝑔𝑖𝑙𝑙 and 𝑤𝑠𝑒𝑖𝑛𝑒 being the weights given to each index ( 𝑤𝑔𝑖𝑙𝑙 = 4 and 𝑤𝑠𝑒𝑖𝑛𝑒 = 1 for the baseline MP, 

and correspond roughly to inverse variance weighting given the standard deviations of the residuals 

in the BAM Base Model fit), 

and p being a control parameter (p = 3 for the baseline MP); this parameter is used to smooth away 

some of the noise in the index by averaging over a few years rather than consider only the most recent 

year. 

Note the assumption has been made that when a TAC is set in year y for year y+1, values of these 

abundance indices will be available for the current year y. 
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Appendix C – Performance statistics 

Landings-related  

1) Average landing 2020-2039 

2) Average landing in year where control rule was not applied 

3) Average landing in years where control rule was applied 

4) Lowest landing over 2020-2039 

5) Landing in 2020 

 

Abundance (egg-production, Egg)-related 

1) Egg(2020) 

2) Egg(2040) 

3) Lowest Egg over 2020-2040 

4) Probability that Egg(2040) is the lowest in the series from 2020 to 2040 (coarse indication of 

whether recovery is achieved after a decline) 

 

Catch variability-related 

1) Average annual absolute percentage change in landings (AAV) over 2019 to 2039 

2) When control rule is applied and landing is decreased, average change in landing 

 

Other  

1) Fraction of years from 2020 to 2039 that control rule is applied 

2) Fraction of years from 2020 to 2039 that control rule is applied, but actual Egg was above 

threshold (false positive) 

3) Fraction of years from 2020 to 2039 that control rule was not applied, but actual Egg was 

below threshold (false negative) 

4) Fraction of years from 2020 to 2039 that control rule is applied, and actual Egg was below 

threshold (true positive) 

5) Probability that control rule is applied for 2020 

6) Fraction of years from 2020 to 2039 that Fmax is hit so that selectivity has to be “spread” 

7) Fraction of years from 2020 to 2039 that Fmax is hit and catch cannot be taken despite 

selectivity being “spread”  

 

Notes:  

1) Since for some tests the absolute abundances/egg production will change, so that absolute 

values might mislead, “rel” statistics are reported which are values relative to the median 

biomass in the absence of any historical or future catch for that test. For non-stationary 

situations (e.g. M increasing over time in the future), note that this will change (e.g. the 

concept of “dynamic B0”), so the “rel” statistic will be relative to this projected value in the 

year in question. 
2) The “threshold” is the lowest historical abundance level, here taken to be in terms of egg 

production (and denoted SSB in the text). 
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Appendix D – Base Case and Robustness test OM conditioning results 

 

 

Figure D1a: Assessment results for the Base Case (black lines) and Robustness test 1.1 (M = 1.2) OMs.  
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Figure D1b: Assessment results for the Base Case OM (black lines) and Robustness test 1.2  

(M'(a)=M(a)*exp(-0.1(a-2))) OMs. 
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Figure D1c: Assessment results for the Base Case (black lines) and Robustness test 1.3 (M(4+) = 1.67) OMs. 
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Figure D1d: Assessment results for the Base Case OM (black lines) and Robustness test 2.1 (S(3) = S(4+) = 

1.0) OMs. 
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Figure D1e: Assessment results for the Base Case OM (black lines) and Robustness test 2.2 (S(3) = S(4+) = 

0.74) OMs. 
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Base Case (black lines) vs Robustness test 3.1 (I=q*sqrt(B)) 

 

Figure D1f: Assessment results for the Base Case OM (black lines) and Robustness test 3.1 (I=q*sqrt(B)) 

OMs. 
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Figure D1g: Assessment results for the Base Case OM (black lines) and Robustness test 3.2 (1:1 

weighting) OMs.
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Appendix E - Key performance statistics for the Baseline MP under the Base 
Case OM and all the Robustness tests 
 
Results are shown for the Base Case OM and the different Robustness tests under the baseline MP in 
Table E1, while Figure E1 plots historical and projected trajectories with and without the baseline MP 
for all Robustness tests.  
 
 
Table E1a: Performance statistics for the Base Case OM and Robustness tests 1.1 to 1.5 with and 
without the management rule (Baseline MP). 
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Table E1b: Performance statistics for the Base Case OM and Robustness tests 2.1 to 2.3 with and 
without the management rule (Baseline MP). 

 



32 
 

Table E1c: Performance statistics for the Base Case OM and Robustness tests 3.1 to 3.6 with and 
without the management rule (Baseline MP). 
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Table E1d: Performance statistics for the Base Case OM and Robustness tests 4.1 to 7.1 with and 
without the management rule (Baseline MP). 
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Fig E1a: Historical estimates and projected 20-year median with 10%- and 90%-iles landing and SSB 
without (red lines) and with the management rule (Baseline MP, black lines) for the Base Case OM and 
Robustness test 1.1 to 1.5 OMs. 
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Fig E1b: Historical estimates and projected 20-year median with 10%- and 90%-iles landing and SSB 
without (red lines) and with the management rule (Baseline MP, black lines) for Robustness test 2.1 
to 2.3 OMs. 
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Fig E1c: Historical estimates and projected 20-year median with 10%- and 90%-iles landing and SSB 
without (red lines) and with the management rule (Baseline MP, black lines) for robustness test 3.1 
to 3.6 OMs.
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Fig E1d: Historical estimates and projected 20-year median with 10%- and 90%-iles landing and SSB 
without (red lines) and with the management rule (Baseline MP, black lines) for Robustness test 4.1 
to 7.1 OMs. 
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Appendix F - Key performance statistics when varying the control parameters of the Baseline MP 
 
 
Results are shown for varying each of the control parameter values of the baseline MP in turn, and compared to the results in the absence of any control 
which is shown by the red dot. Medians with 10%- and 90%-iles are shown. Results for the value used in the Baseline MP are indicated by a triangle. The red 
line shown for the “SSB lowest” plots is the lowest value historically as estimated for the Base Case OM. The plots cover the Base Case OM and the two 
important Robustness tests: 1.5 (increasing M in the future)) and 4.1 (poor recruitment in the future). 
 
 
 

 
Figure F1a: Performance statistics for no harvest control rule and for varying values of the 𝑱𝒕𝒉𝒓𝒆𝒔𝒉𝒐𝒍𝒅 control parameter: 0.60, 0.7, 0.80 (Baseline MP), 0.9 
and 1.0. Results are shown for the Base Case OM with the 1.5 and 4.1 Robustness tests. 
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Figure F1b: Performance statistics for no harvest control rule and for varying values of the  control parameter: 300, 400, 500 (Baseline MP), and 600. 
Results are shown for the Base Case OM with the 1.5 and 4.1 Robustness tests. 
 
 
 
 

 
Figure F1c: Performance statistics for no harvest control rule and for varying values of the p control parameter: 2, 3 (Baseline MP) and 4. Results are shown 
for the Base Case OM with the 1.5 and 4.1 Robustness tests. 
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