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Abstract 

Earlier MSE analyses are modified to incorporate a Schaefer model for productivity 
and to fit that model to a longer time series of historical data. This requires some 
modifications to the details of the methodology, for example inclusion of additive 
rather than multiplicative process errors. A Base Case Operating Model is developed, 
together with a Baseline Candidate Management Procedure (this Procedure intends 
fixed fishing mortality, with some modifications at low abundance), and is based on 
input from a single future survey. Results are provided for a few illustrative variants 
of that Procedure, but further developments should first await the specification and 
use of surveys likely to continue into the future. Importantly, robustness tests have 
still to be conducted, and a prioritised set for such tests is put forward. 

 
 
Background 
 
At the short meeting of the Scientific Council held on 5 May 2025, a brief discussion took place on an earlier 
submission by the authors regarding the development of a simple approach for MSE for 3LN redfish 
(Butterworth and Rademeyer, 2025). In the light of helpful suggestions made during the course of that 
discussion, this document presents some relatively substantial modifications to that earlier approach, together 
with associated initial results. 
 
The most important of these modifications are first to move away from an annual production which is constant 
in expectation to one which is parabolic in resource biomass (i.e. the Schaefer model form), and secondly to 
include catch and abundance index data for the full period for which these are available, rather than from 2005 
onwards only.  
 
That 5 May discussion also raised the issues of the urgency of this work, and how it compared with the 
possibility of using the PA approach rather than a case-specific MSE as the basis for managing the 3LN redfish 
resource. The following points would seem to number amongst those relevant to these issues: 

• Previous approaches to developing an MSE for 3LN redfish have foundered over the difficulties of 
developing relatively complex Operating Models (OMs) by fitting, inter alia, to catch-at-length 
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information. These led to estimated process errors which were deemed too large to allow for realistic 
projections, as needed for MSE. 

• However, this should not be misinterpreted as MSE not being possible for this redfish resource. Any 
defensible approach to manage a resource must necessarily be capable of checking by simulation to be 
able to satisfactorily meet management objectives in circumstances of plausible uncertainties about 
resource and fishery dynamics (i.e. being checked by an MSE process). The problems referenced above 
related to difficulties in developing OMs adequate for this task. (It is posited here that age-aggregated 
population models which fit abundance index data satisfactorily, are adequate for this task.)  

• Regarding the suggested alternative approach of using the revised Precautionary Approach 
Framework (PAF) to provide a harvest control rule (HCR), this is indeed effectively an approach based 
on MSE-type simulation testing to provide a generic MP. However, there are some associated concerns: 

➢ Although that PAF has been intensively tested, did that testing extend sufficiently to cover the 
likely dynamics of redfish with their occasional very strong recruitment pulses? 

➢ How readily might the parameter values required for that revised PAF HCR (such as an MSY 
level abundance) be determined for 3LN redfish? 

➢ A generic MP approach is necessarily inefficient, in having to cover uncertainties that may not 
apply in a particular case. Hence, though requiring more work, a case-specific MP tailored to 
the specific details that apply to the resource in question may be preferred, to allow for greater 
catch for the same extent of perceived risk. 

• Despite the SC advising a TAC (of zero) for 2025 and 2026, the Commission at its 2024 meeting set a 
TAC of 6000 t for 2025 for 3LN redfish in anticipation of an MP being available as the basis to set this 
TAC for 2026. While the overall situation for 2026 is now somewhat unclear (given the OM difficulties 
reference above), the SC would seem to continue to have a responsibility to pursue the development of 
an MP reasonably swiftly given this previous expectation which the Commission has expressed a 
develop an MSE. 

 

 
Approach (as now modified) 
 
The underlying (aggregated biomass) population model assumed is now a Schaefer production model: 
 
 𝐵𝑦+1 = 𝐵𝑦 + 𝑃𝑦 − 𝐶𝑦 + 𝜇𝑦        (1) 

 
where: 

𝐵𝑦 is the biomass of the resource at the start of year y, 

𝐶𝑦 is the catch taken during year y, 

𝑃𝑦 = 𝑟𝐵𝑦(1 −
𝐵𝑦

𝐾
) is the productivity of the resource in year y as a function of parameters K and r, with 

𝐾  the carrying capacity, and  
𝑟  the intrinsic growth rate, and 

𝜇𝑦  is the productivity process error, taken to be distributed as 𝑁 (0, (𝜎𝜇𝑀𝑆𝑌)
2

), with the value of 𝜎𝜇  

an input. 
 

Note that 𝑀𝑆𝑌 =
𝑟𝐾

4
. 

 
The reasons for important changes made to the earlier approach are as follows: 

• Previously natural mortality was explicitly included in population model, whereas now it is included 
implicitly in the productivity term 𝑃𝑦 . That earlier inclusion, when productivity was modelled as 

constant in expectation, was to ensure that the contribution to the biomass of a large pulse in 
productivity (mimicking an exceptionally large year-class) would decrease over time. However, with 
productivity now modelled by the Schaefer form, such a large pulse would take the biomass above K, 
where expected productivity becomes negative, thus resulting in the subsequent decrease in biomass 
to be expected, i.e. the Schaefer model implicitly incorporates this desired effect. 
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• The productivity process error term 𝜇𝑦 has been made additive rather than multiplicative. This is for 

more straightforward interpretation, as under the previous multiplicative log-normal effect approach, 
the productivity would necessarily have become negative if biomass exceeded K. 

 
This model is then fit to existing CPUE, survey abundance and annual catch data to estimate annual biomass 
and productivity values. The values of r and MSY are fixed externally while the initial biomass (𝐵1959) and the 
process error (𝜇𝑦) over 1985-2024 are estimated in the model fitting procedure. The values for r and MSY used 

here were based on an initial coarse fit of the model to these data. Further details of the fitting procedure are 
described below. 
 
 
Model fitting procedure 

The likelihood of the model fit is calculated assuming that the observed abundance indices (CPUE and 
abundance surveys) are log-normally distributed about their expected values: 

𝐼𝑦
𝑖 = 𝐼𝑦

𝑖 𝑒𝜀𝑦
𝑖

    or     𝜀𝑦
𝑖 = ℓ𝑛(𝐼𝑦

𝑖 ) − ℓ𝑛(𝐼𝑦
𝑖 )      (2) 

where: 

𝐼𝑦
𝑖   is the abundance index for year y and series i, 

𝐼𝑦
𝑖 = 𝑞𝑖�̂�𝑦 is the corresponding model estimate,  

�̂�𝑖 is the multiplicative bias (catchability) for abundance series i, and 

𝜀𝑦
𝑖  from 𝑁(0, (𝜎𝑖)2). 

 

The contribution of the CPUE/survey data to the negative of the log-likelihood function (after removal of 
constants) is then given by: 

−ℓ𝑛𝐿 = ∑ [ℓ𝑛√(𝜎𝑖)2 + (𝜎𝐴)2 + (𝜀𝑦
𝑖 )

2
/2((𝜎𝑖)2 + (𝜎𝐴)2)]𝑖,𝑦     (3) 

where:  

𝜎𝑖  is the (minimum, when 𝜎𝐴 = 0) standard deviation of the residuals for the logarithms of index i, , 

𝜎𝐴 is the square root of the additional variance for index series i, which is an input value, this is used as 
means for specifying an effective lower bound for 𝜎𝑖 . 

𝜎𝑖  is estimated in the fitting procedure by its maximum likelihood value: 

�̂�𝑖 = √1 𝑛𝑖⁄ ∑ (ℓ𝑛(𝐼𝑦
𝑖 ) − ℓ𝑛(𝑞𝑖�̑�𝑦))

2
𝑦 − (𝜎𝐴)2     (4) 

where: 

𝑛𝑖  is the number of data points for abundance index i. 

The catchability coefficient 𝑞𝑖for abundance index i is estimated by its maximum likelihood value which is given 
by: 

ℓ𝑛�̂�𝑖 =
1

𝑛𝑖
∑ (ℓ𝑛𝐼𝑦

𝑖 − ℓ𝑛�̂�𝑦)𝑦        (5) 

 
 

The process error on the productivity, 𝜇𝑦 , are estimable parameters, with their estimation being rendered 

possible by assuming that they follow a normal distribution, so that (in what is an ad hoc approach) the 
following term is added to −ℓ𝑛𝐿 in equation (3): 
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              ∑ [𝑙𝑛(𝜎𝜇𝑀𝑆𝑌) + (𝜇𝑦)
2

/2(𝜎𝜇𝑀𝑆𝑌)
2

]𝑦       (6) 

 
Since the estimation of 𝜎𝜇  is confounded with that of the observation error variances for the survey series, a 

value for 𝜎𝜇  in input with the intent of later investigation the robustness of any MP put forward to alternative 

values for 𝜎𝜇 . For the Base Case Operating Model (OM), 𝜎𝜇 = 1 and the process error is estimated for the years 

1985 to 2024. 
 
Note: 

• The process error term standard deviation is scaled by MSY to allow for a readier interpretation of its 
value. 

• To allow 𝜇𝑦 to be estimable for a specific year requires at least two abundance index series to be 

available for that year, as otherwise the value of the process error will adjust to fit a single index for the 
year exactly (and naturally is inestimable if there is no index for that year). Hence these errors are 
estimated from 1985 only; they have to be set to zero for earlier years. 

• A similar reason underlies the introduction of an additional variance parameter with a fixed input value 
for each series; given that the observation error variances for each series are estimated in the fitting 
process, that process can otherwise become unstable, according inappropriately high relative weight 
to a single index to fit it exactly while ignoring all the others. 

• The choice of the value (1) of 𝜎𝜇  was dictated by allowing this parameter to be sufficiently large to 

admit reasonable reflection of the main trends in the abundance indices, but no larger. 
 
Data 
 
The catches and survey index values given in Perreault et al. (2024) and the CPUE values from Rogers et al. 
(2022) are used for this analysis; they are reproduced in Tables 1 and 2 for the period starting from 1959, as is 
considered here. 
 
The choice of the survey series reported in Perreault et al. (2024) was made as they were assumed to reflect 
the SC’s choice of which surveys were the most reliable as representative of 3LN redfish abundance. Compared 
to that selection, which was as made in Butterworth and Rademeyer (2025), the CPUE series has been added 
here to allow estimation (especially of process error) to be extended back into the previous century. 
 
 
Parameter values 
 
For the Base Case OM: 

r=0.2 
MSY=25000t (K = 500 000 t) 
𝜎𝜇 = 1 

 
The reasons for these choices are detailed above. 
 
 
Future dynamics 
 
Future annual productivity process error takes autocorrelation into account (as the model fits suggest that this 
is not insubstantial): 

𝜇𝑦 = 𝜌𝜇𝑦−1 + √1 − 𝜌2𝜑𝑦      (7) 

 

𝜑𝑦 from 𝑁(0, 𝜎𝜇
𝑜𝑢𝑡𝑀𝑆𝑌) 

𝜎𝜇
𝑜𝑢𝑡 = 0.8 is the approximate standard deviation of the 1985-2024 estimated 𝜇𝑦 values 

𝜌 is the serial correlation coefficient, which is input (𝜌 = 0.3 is the estimated value). 
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A single (for initial simplicity) future survey index 𝐼𝑦  is assumed to be available with a log-normal CV of 0.4. 

This will later be replaced by a number of the existing survey indices considered likely to continue to be 
available in the future. 
 
 
Candidate Management Procedure (CMP) 
 
A simple CMP is implemented to compute TACs in the future which is based on 𝐽𝑦 , a three-year average of the 

survey index 𝐼𝑦; note that the assumption is made that the survey value would be available only up to two years 

before the year for which the TAC would be being recommended: 
 

𝑇𝐴𝐶𝑦 = 𝑇𝐴𝐶𝑦−1 [1 − 𝛼(
𝐽𝑦−2

𝐽𝑡𝑎𝑟𝑔
− 1)]     (8) 

 
Furthermore, if 𝐽𝑦−2 relative to 𝐽2023 falls below a fixed specified threshold (𝐽𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑), the resulting TAC is 

decreased further: 
 

 𝑇𝐴𝐶𝑦 → 𝑇𝐴𝐶𝑦
𝐽𝑦−2

𝐽2023
       (9) 

 
with 

𝐽𝑦 = ∑ 𝐼𝑦

𝑦

𝑦−2

3⁄  

𝐼𝑦 = 𝑞𝐵𝑦𝑒𝜀𝑦−𝜎2 2⁄  the survey index in year y 

 
𝜀𝑦~𝑁(0, 𝜎2)  with 𝜎 = 0.4  and, 

 
𝛼, 𝐽𝑡𝑎𝑟𝑔 and 𝐽𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑  the CMP’s tuning parameters. 

 
Note that for 𝛼 = 1, this corresponds to an intended constant fishing mortality strategy, except that if 
abundance falls below 𝐽𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑  that mortality is reduced linearly to zero as abundance falls to zero. 
 
Furthermore, TACs are subject to a maximum inter-annual decrease or increase of 20%, except if 𝐽𝑦−2 relative 

to 𝐽2023 falls below 𝐽𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 , in which case the maximum decrease increases to (100 −
80

𝐽𝑡ℎ𝑟𝑒𝑠ℎ

𝐽𝑦−2

𝐽2023
)% 

 
For the Baseline CMP, 𝛼 = 1, 𝐽𝑡𝑎𝑟𝑔 = 1.2 and 𝐽𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑=0.8. 

 
 
Results and Discussion 
 
Base Case Operating Model 
 
Figure 1 shows results of the model fit to the data, giving the historical catch, the annual productivity, the 
biomass trajectory and the fits to each survey series, while Table 3 provides the associated estimates of 
parameter values. 
 
Note that in initial implementation, the survey catchability parameters q were estimated to be fairly high, 
implying a large amount of herding by the survey nets and a consequently low biomass. The results shown here 
include a penalty factor in the negative log likelihood to reduce these q estimates towards arguably more 
realistic values: 
  



6 

 

 
Northwest Atlantic Fisheries Organization  www.nafo.int  

 
 

∑ (𝑞𝑖 − 𝑄)2/𝜎𝑞
2

𝑖         (2) 

 
where 𝑄 =2 and 𝜎𝑞 = 0.2. 

 
The fits to the abundance index data in Figure 1 are reasonable for the most part. The one clear exception is 
that for the Spring Campelen series, for which the data are well below the model fit for the 1980s, but well 
above the fit for 2012 to 2015. This early part of that survey series is clearly in conflict with the high CPUE at 
that time, and also seems implausible given the high landings then; this suggests that this survey series is not 
that reliable as an index of abundance, so that this poor fit is not of particular concern. There is some indication 
of model over-parametrization in the fit to the Autumn Campelen series in the 1990s (the model fit following 
data variations too closely), but the overall biomass pattern over time nevertheless does not seem unrealistic. 
 
 
Projections 
 
For illustrative purposes, projections into the future for a few initial CMPs have been carried out for 20 years, 
starting in year 2025, for 500 simulations. The 2025 catch is set at 6000t TAC for this year. 
 
Results are summarised using the fairly standard MSE performance statistics for catch, resource risk and catch 
variability: 
 

 𝐶𝑎𝑣 = ∑ 𝐶𝑦
2044
𝑦=2025 20⁄  

 
𝐵𝑙𝑜𝑤𝑒𝑠𝑡 = min (𝐵𝑦) over 2025 to 2044 

 
𝐵𝑓𝑖𝑛𝑎𝑙 = 𝐵2044 

 

𝐴𝐴𝑉 =
1

20
∑

|𝐶𝑦−1 − 𝐶𝑦|

𝐶𝑦−1

2044

𝑦=2025

 

 
Results for a Baseline CMP for a 20-year projection period are shown in Figure 2 and in Table 4 under the Base 
Case OM. To assist interpretation from a “bounding” perspective, they are shown together with those for two 
constant catch scenarios: no future catches, and the  annual TACs maintained at the 2025 level of 6000t.  
 
The baseline CMP sees TACs in median terms decrease immediately, returning to their current level only ten 
years hence, and thereafter increasing further. The median biomass continues to increase, but at the lower 
10%ile remains broadly steady at the current abundance. For maintaining the current TAC of 6000 t however, 
there are problems, with the biomass at the lower 10%-ile dropping to zero in a little more than a decade’s 
time. 
 
 
CMP variants  
 
Results for a few variants only of the Baseline CMP are reported here, as these really first require specification 
of what surveys will be available in the future upon which to base a TAC formula in the MSE, so as to provide 
reliable results. Hence these variants are restricted to the baseline tuning choice  and “complexities” introduced 
to the initial aim of the simple form of a constant intended fishing mortality formulation of the Baseline CMP to 
obtain satisfactory resource conservation performance (i.e. avoiding the lower tail of the future biomass 
distribution dropping very low). 
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Specifically then, there is first the tuning parameter Jtarg. Figure 3a and Table 5 provide results for alternatives 
to the baseline value choice of Jtarg=1.2. The Figure shows that a lower choice of Jtarg results in resource 
biomass dropping to zero at the lower 10%-ile, whereas a higher choice leads to a large drop in TAC in the short 
term. The value of 1.2 chosen seems a reasonable compromise. 
 
Figure 3b and Table 5 show results for different choices for the value of Jthreshold. the parameter that 
determines the survey value below which the intended fishing mortality starts dropping linearly towards zero. 
The sensitivity of results here is not as great as for Jtarg above; the baseline choice of 0.8 again involves a trade-
off with a higher value giving better biomasses but somewhat reduced catches. 
 
Finally Figure 3c and Table 5 show the effect of imposing restrictions on TACs in the initial period, as might be 
sought for better initial industrial stability: specifically, the Baseline CMP TAC fixed at 5000 t for the first three 
years, or at 5000 t permanently. This last option is inadequate (as was the fixed 6000 t option) from a resource 
conservation standpoint, with biomass dropping to zero at the lower 10%-ile. 
 
 
Further work 
 
The first requirement is specification of what surveys can be safely assumed to continue reliably into the future. 
The CMP work conducted above needs to be repeated, and then taken further, based on those specified surveys 
and their observation errors as indicated by the fit of the model. 
 
Then of particular importance are robustness tests, to check whether the baseline CMP proposed here, or some 
variant thereof, shows adequately robust performance to model uncertainty. These tests should include the 
following (in rough order of priority). Note that it will not necessarily prove straightforward to condition these 
tests on the data. The underlying population model is “parameter heavy”, given all its many estimable process 
error parameters, so that convergence of any fit can take time to achieve. 

• Variations of the Schaefer model r and MSY parameters, while still maintaining and adequate fit to the 
abundance data. 

• Alternative choices for the survey catchability weighting parameter Q. 
• A strong positive pulse in productivity early in the projection period, to mimic the effect of a very strong 

year-class. 
• Exploration of whether the high pre-1990 catches can be better explained by a few very strong positive 

positive productivities (strong year classes). This would be in place of the current model which 
interprets these as the relatively steady output from a Schaefer form, followed by resource reduction 
as a result of the high and unsustainable catches of the late 1980s. The near absence of survey series 
during this earlier period precludes the model used here from estimating productivity variations of 
this nature. Note that qualitative examination of catch-at-length data, or of assessments of other redfish 
stocks, may provide further insight on this. 

• Alternative choices for the process error variance-related parameter 𝜎𝜇 . 

• Omission of the Spring Campelen survey from the model fitting, given that it seems to conflict with 
other data. 
 

Once that work has been completed and a defensible CMP developed, that will need to be discussed with 

stakeholders (e.g. in an RBMS meeting) for advice on desired tradeoffs, so that the CMP can be adjusted further 

to achieve those trade-offs without sacrificing adequately robust performance. 
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Table 1.  Total landings (in t) of redfish in Divs. 3LN for 2005 to 2023 (from Perreault et al., 2024). The value 
 for 2024 is as kindly advised by Bell MacCallum (pers. commn). 
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Table 2.  Survey biomass estimates (‘000 t) from bottom trawl surveys in Divs 3LN considered in the 
 assessment (from Perreault et al., 2024) and standardized CPUE for Div. 3LN, 1959-1994 (from 
 Rogers et al., 2022). 
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Table 3.  -lnL, estimated survey s and q’s for the Base Cas OM. 
 

 
 
Note: The 𝜎𝐴 values were set sufficiently high (but no higher) to prevent exact fitting of a single series. 

Introduction of this addition was unnecessary for the CPUE series as that extends back in time to before 
the year for which process error is first introduced. 

 
  
Table 4.  Performance statistics (median and 80%iles) for the Baseline CMP and for zero and 6000t constant 

 catch management approaches, for Base Case OM. Values for Cav, Blowest and Bfinal are in ‘000 
 tons. The management period considered is 2025 to 2044. 

 
 
Note: Cav is not zero for the zero constant catch approach because of the 6000t TAC already agreed for 2025. 
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Table 5.  Performance statistics (median and 80%iles) for a series of CMP variants for the Base Case OM. 
 Values for Cav, Blowest and Bfinal are in ‘000 tons. 
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Figure 1. Historical total annual landings together with estimated annual total biomass, total and 

 productivity (including process error) (in t) for the model for which expected productivity is taken 
 to have a Schaefer form. The fits of the model to the CPUE and survey data series are also shown. 
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Figure 2. Projected total biomass and landings (medians top row and lower 10%iles bottom row) for the 

 Base Case OM under the Baseline CMP, and future zero and 6000t constant catches. 
 
 

 
Figure 3a. Projected total biomass and landings (medians top row and lower 10%iles bottom row) for the 

 Base Case OM under a series of CMPs (varying Jtarg). Jtarg=1.4 (green curve) covers the Baseline 
 CMP (blue curve) in the total landings lower 10%iles (bottom-right).  
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Figure 3b. Projected total biomass and landings (medians top row and lower 10%iles bottom row) for the 

 Base Case OM under a series of CMPs (varying Jthreshold). 
 

 
Figure 3c. Projected total biomass and landings (medians top row and lower 10%iles bottom row) for the 

 Base Case OM under a series of CMPs (lower limit on future TACs). 


