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Summary 
The Gulf of Maine haddock population is assessed in three ways. The first considers the 

haddock in this area to be an isolated stock. The other two incorporate movement into that 

area, either permanent or temporary, by haddock from Georges Bank. The evidence for 

such movement from these analyses alone is sufficient to point to scenarios involving 

limited movement being of similar plausibility to that of an isolated stock. Catch projections 

under constant fishing mortality are found to be sensitive, in particular, to this possibility of 

limited movement for the case where the movement is permanent. Assessment results for 

the most recent recruitment are sensitive to the procedure used to shrink this estimate to 

the mean. 

 

Introduction 

This paper presents results for three approaches to the assessment of the Gulf of Maine (GoM) 

haddock stock, all of which use SCAA methodology (see, e.g., Butterworth and Rademeyer, 2011). 

The first approach explores assessment options when the stock is treated as isolated. The second 

allows for interchanges in the form of permanent migration from (and to) the neighbouring Georges 

Bank (GB) haddock population. The third approach (known in the IWC Scientific Committee as the 

“sabbatical model”) also allows for interchanges, but these are not of a permanent nature. Some GB 

haddock may visit the GoM area during a year, and perhaps be caught there; however if not 

suffering mortality of some form, they return later that same year to the GB area. 

 

The paper first summarises the data used, and then details the methodologies applied for the 

isolated stock and interchange models, followed by the assumptions made for calculating four-year 

catch projections. The results of applying these methodologies, together with some sensitivity tests, 

are then discussed, followed by some concluding remarks. 

 

  

                                                           
1
 This paper is a revision of an earlier version presented to the SAW meeting held at the NEFSC, Woods Hole 

over 2-5 June, 2014. Here Base Case run assumptions have been made to maximise comparability with the 

preferred ASAP model described in the main text of the report. 
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Data 

The catch and survey based data together with some biological data for the GoM haddock 

population were kindly provided by Michael Palmer, and are listed in Tables in Annex A. 

 

The second and third assessment approaches, which take interchange (movement) into account, 

utilise estimates of annual numbers-at-age from the most recent GB haddock assessment for the 

period from 1977 to 2011 (NEFSC, 2012). These values are listed in Table A8 of Annex A. This Table 

includes projections to 2017 kindly provided by Liz Brooks; the basis for the computation of these 

projections is detailed in Table A8’s caption. 

 

Methodology 

The details of the basic SCAA assessment methodology are provided in Annex B. 

 

Isolated stock 

In the interests of maximal comparability with preferred ASAP model of the main text of the report, 

the following methodological options were chosen/implemented for this Base Case SCAA run (SCAA 

BC1). 

• The stock recruitment curve was assumed to be constant with log-normally distributed 

residuals. The contribution to the negative log-likelihood from these residuals was calculated 

assuming a residual CV of 1 (this correspond to a σR,y value of 0.833, which is roughly 

comparable, though slightly below, the level of variation shown in assessment outputs). 

• Selectivities-at-age for the fishery and survey series were estimated separately for each age, 

though the survey selectivities were set flat above certain ages (see Annex B, section B.4.1, 

for further details). These decisions were AIC-justified. 

 

Some other choices amongst the standard SCAA options that were made were as follows. 

• The multinomial-mimicking “sqrt(p)” formulation of the proportions-at-age contribution to 

the overall negative log-likelihood (Butterworth and Rademeyer, 2012) was used, rather 

than the “adjusted log-normal”, as the former deals more naturally with the relatively large 

numbers of zeros in the catch-at-age matrices for this stock. 

• These proportion-at-age contributions to the negative log likelihood were fully weighted 

(WCAA=1 – see equation B14), as is broadly comparable to the approach used to set effective 

sample sizes for the preferred ASAP model. The variance of the associated residuals was 

estimated assuming age-independence. 

 

The authors’ base case choices for implementing the SCAA, differ from those of the preferred ASAP 

model in one respect. 

• The numbers at age vector for the starting year was estimated only to age 3, and thereafter 

the procedure of equations B9 and B10 of Annex B used (AIC justified). 

In addition certain sensitivity runs were pursued: 

• An alternative lower value of 0.5 for the recruitment CV for 2013, corresponding to setting 

σR,y for 2013 to 0.472, was considered to stabilise this estimation to a greater extent. Note 

that the rightmost term in equation B18 of Annex B includes years to 2010 only, so that 
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changing “weights” in this way on the last year’s recruitment does not directly impact the 

estimate of the geometric mean recruitment gmR . 

• The standard deviation of the (transformed) proportion-at-age residuals (σCAA – see equation 

B16 of Annex B) for each series was estimated separately for each age rather than for all 

ages combined. 

• The contribution of the proportion-at-age data to the negative log likelihood was down 

weighted (WCAA=0.5 – see equation B14), to show the effect of possible non-independence 

of these data. 

• The fishing “fleet” was disaggregated into commercial landings, commercial discards, and 

recreational landings together with recreational discards. 

 

Migration model 

There is evidence of interchange between the GoM and GB haddock stocks (e.g. Begg, 1998), but 

unfortunately the tagging exercises conducted to date have not been designed in a way that allows 

annual interchange proportions to be estimated reliably. However, since (for example) survey results 

would have included GB haddock which had moved into the GoM area, it is possible to extend the 

assessment to take this into account. Normally this would require assessing both stocks 

simultaneously, but an advantage in this case is that the GB stock is assessed to be so much larger 

than the GoM stock. This enables the results from the GB stock assessment (NEFSC, 2012) (kindly 

projected into the future by Liz Brooks, see Table A8 of Annex A) to be used directly, since unlike for 

the GoM haddock, those GB results would hardly change in such a joint assessment. 

In the case of permanent interchange (i.e. migration) between the GoM and GB haddock stocks, 

equations B1 and B2 of Annex B are replaced by the following equations: 
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where 

μ is the proportion of the GB haddock (above a critical level) migrating annually and 

permanently to the Gulf of Maine, with a value estimated when fitting the model, 

λ is the proportion of GoM haddock migrating annually and permanently to Georges Bank, 
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and 

critGB   is the level of 2+ GB haddock numbers below which no GB haddock are assumed to 

immigrate into the GoM (i.e. the GB stock has to be “large” for any such migration to take 

place). For all the runs except one sensitivity, 0=critGB . For this sensitivity, 47559=critGB , 

which is half of the 1977-2013 average of the numbers of 2+ fish, so that movement occurs 

about 50% of the time over the this period. 

The lower bound for age a in equation (1) is adjusted to correspond to the lowest age at which 

interchange takes place. This is taken to be a=2 for the Base Case implementation, based on 

indications to this effect provided in NEFC (1986). 
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Sabbatical model 

Under the sabbatical model for movement, each year a proportion (θ ) of the GB haddock “visit” the 

GoM area each year and mix with the GoM haddock (and hence are assumed to be available for 

capture in this area, and to be amongst the haddock monitored by the two NEFSC surveys each 

year). The GoM catches of haddock are taken from GoM and GB haddock in proportion to their 

relative abundances by age in the GoM area. Hence the fishing mortality yF  applies to both the 

GoM haddock stock and to the GB haddock "visitors". The total predicted catch 
*
yC  is computed as: 
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and the θ term in equation (5) (where the value of θ is estimated when fitting the model) applies 

only to ages for which movement is assumed to occur (a = 2+ for the Base Case, as for the migration 

model). 

Spawning biomass (equation B5) is computed using the GoM haddock numbers only ( ayN , ), while 

predicted survey indices (equation B7) and catches-at-age (B17) are computed with the GoM + GB 

visitors numbers (
*
,ayN ), i.e. equations B7 and B17 are replaced by: 
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Projections 

Four-year projections have been run under constant fishing mortalities of FMSY, where FMSY is taken to 

be F40%, as estimated in this paper or as estimated for the preferred ASAP model (see Annex B, 

section B.4.3). For these projections, the following assumptions have been made: 

• the weight-at-age and commercial selectivity vectors are taken as the 2009-2013 average, as 

assumed for the F40% computations for the preferred ASAP model - see Annex B section 

B.4.3; 

• future recruitments are taken to be constant at their arithmetic mean level over the period 

chosen for the preferred ASAP model, i.e. 1977 to 2011 (to avoid inclusion of the 

recruitments for 2012 and 2013 for which the estimates have high variance); and 

• in the cases with interchange (permanent migration) between the GoM and GB haddock 

stocks, the future GB haddock stock and age-structure is projected over the 2012 to 2017 

period on the basis detailed in the caption to Table A8 of Annex A. 
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Results and Discussion 

 

Isolated stock 

Comparisons of the results from the preferred ASAP model SCAA Base Case without movement 

(SCAA-BC1) are provided in Table 1 and Figure 1, and evidence little difference. This SCAA-Base Case 

exhibits a reasonable fit to the survey indices of abundance and proportion-at-age data for both the 

fishery and the surveys, and indicates a slightly higher current spawning biomass than the preferred 

ASAP model does. 

 

Table 1 and Figure 2 show the consequences of reducing the value assumed for the variability (σR,y) 

of the recruitment for the most recent years (2013) to a CV of 0.5 compared to the SCAA-Base Case 

choice of 1.0. This has a major impact on the estimate of recruitment for the last year, which drops 

by more than 50%, but the estimate of spawning biomass for 2013 falls only slightly. Formally the 

choice of 1.0 (corresponding, roughly, to the variability shown by past recruitment) is the most 

appropriate statistically for the shrinkage to the mean of the estimates that would otherwise result. 

However this leads to a high variance associated with the 2013 recruitment estimate. A case could 

be made that a lower choice than 1.0 is appropriate in the interests of providing more robust 

estimates, but the difficulty is in choosing what value it would be best to set in any such down-

weighting parameter. Results are also shown for downweighting the contribution of the proportions-

at-age data to the negative log likelihood. This has little impact on estimates, though the confidence 

intervals shown in Table 1 widen slightly, and those for parameters such as selectivity-at-age 

somewhat more so. 

 

Allowing for the variance parameter associated with the proportions-at-age residuals (σCAA) to be 

estimated separately by age improves the fit to the data, and to an extent which is AIC justified 

(Table 1 and Figure 3). However, as the impact of allowing for this effect on key results (such as 

those for spawning biomass) is minimal, this adjustment was not incorporated into the SCAA Base 

Case to maintain greater comparability with the preferred ASAP model. Similarly, initial attempts to 

disaggregate the fishing “fleet” into commercial landing, discards and recreational components also 

led to little difference in such results, and hence was not explored further. 

 

 

Migration model 

Results for the permanent migration model are shown in Table 4 for the best estimate of 0.2% (SCAA 

BC2) for the annual proportion μ moving from the GB to the GoM area. Results for a range of μ 

values are shown in Figure 4. These indicate that the estimate of μ = 0.2% is significantly different 

from zero at the 10% (and 5%) levels, while the diagnostics shown in Figure 5 evidence a satisfactory 

fit to the data. For μ = 0.2%, the recent spawning biomass estimates are not greatly affected; they do 

become appreciably larger for higher values of μ, but those results are not compatible with the data. 

If movement is allowed in the reverse direction as well (i.e. the λ parameter is set to be different 

from zero), results are hardly affected (see Figure 6), so that λ has been kept at zero for all 

subsequent results for this model.  

 

Table 4 and Figures 7 to 9 provide results for some sensitivities to SCAA BC2. Changing the age at 

which fish can move from the GB to the GoM area from 2+ to either 1+ or 3+ impacts results, but 

only to small extents. The consequences of allowing random annual variation (with a CV = 1.0) about 

a mean proportional movement of 0.2%, and of precluding movement below an abundance 

threshold for GB haddock, are also relatively small. 
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Sabbatical model 

Results for the sabbatical model (non-permanent interchange) are given in Table 3 and Figure 10, 

again indicating reasonable fits to the data. The best estimate of the proportion of GB haddock 

moving temporarily each year to the GoM area, θ, is 0.75% (SCAA BC3). This is shown to be 

statistically different from zero at the 10% (and 5%) levels in Figure 11.  

 

Figure 11 also shows spawning biomass trajectories for various values of θ for the component of the 

haddock in the GoM area belonging to the true GoM stock. Unsurprisingly, this is less for larger 

values of θ, as those reflect greater proportions of the catch from the GoM area being comprised of 

GB haddock. In addition, the Figure shows how this proportion has changed over time for the 

different values of θ. Table 3 and Figure 12 show that changing the age at which fish can move from 

the GB to the GoM area from 2+ to either 1+ or 3+ has some though not a substantial impact on 

results. 

 

Overall comparison and Retrospectives 

Figure 13 compares the results for the Base Case for no movement model (SCAA BC1) with those for 

the two models which allow for movement (SCAA-BC2 for permanent and SCAA-BC3 for temporary 

migration). The first two sets of results are fairly similar, but the sabbatical model (SCAA-BC3) 

unsurprisingly shows lower spawning biomass and recruitment values as these plots do not include 

the haddock “visiting” the GoM area from the GB stock, even though those haddock contribute to 

catches made in the GoM area. 

 

Figure 14 shows retrospective plots for all three models. None reflect serious systematic trends. The 

estimates of the movement parameters μ and θ are stable and consistently significantly different 

from zero. Examination of the negative log likelihood contributions in Tables 2 and 3 shows that it is 

the proportions at age data that provide the key information to allow the values of these parameters 

to be estimated. These negative log likelihoods also indicate a preference for the migration over the 

sabbatical model, but not to any substantial extent; indeed from a biological perspective, one might 

tend to consider the sabbatical model as the more plausible of the two. 

 

 

Catch projections 

Four year catch projections under FMSY are shown in Table 4. For the sabbatical model scenarios, 

results given reflect the total catch allowed, and this will include a component of GB haddock. The 

figures in parentheses in Table 4 show the part of this that comes from the “true” GoM haddock 

stock only. The FMSY values are provided by the F40% proxy, though this is calculated in two ways: first 

for the SCAA model estimates (and specific to the model in question with or without movement), 

and then for the preferred ASAP model (see Annex B, section B.4.3 for details). 

These projection results are quite similar for the no movement and sabbatical models, but give 

values some 20-40% higher for the permanent migration model. 

 

Concluding Remarks 

The results above for catch projections (in particular) from these assessment model variants for the 

GoM haddock stock point to two key factors to which model outputs are particularly sensitive. These 

are: 

 

1) the extent to which the estimate of recruitment for the most recent year is shrunk to the 

mean; and 
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2) how the possibility of exchanges with GB haddock is best to be taken into account; the 

estimates of annual movement proportions, although small in percentage terms, are 

statistically significant at the 5% level so that the associated exchange hypotheses are 

plausible; furthermore in the case of permanent exchange, catch projections under FMSY 

proxies are increased by amounts in roughly the 20-40% range. 
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Table 1: Estimates of abundance and related quantities for the Gulf of Maine haddock for the preferred ASAP model and SCAA runs for isolated stock (with 

no movement) assessments. Values in parentheses are Hessian based 90% CIs. Biomass units in this and all following tables are mt unless otherwise 

indicated. The fishing mortality F applies to the commercially fully selected 7+ fish. 
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Table 2: Estimates of abundance and related quantities for the Gulf of Maine haddock for the SCAA migration model (i.e. with movement of 2+ year old 

haddock for the Base Case BC2). Values in parentheses are Hessian based 90% CIs. The value of μ is the proportion of (here 2+ year old for BC2) GB haddock 

which permanently migrate to the GoM each year, while λ specifies the proportion of such migration in the reverse direction. The text explains the role of 

the GBcrit constraint. 
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Table 3: Estimates of abundance and related quantities for the Gulf of Maine haddock stock for the SCAA sabbatical model. The value of θ is the proportion 

of GB haddock (aged 2+ for the Base Case BC3) which move temporarily to the GoM area each year; the values shown in the Table do not include those GB 

fish, and refer to haddock from the GoM stock only). Values in parentheses are Hessian based 90% CIs. 
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Table 4: Catch (mt) projections from 2014 for the three SCAA Base Cases under F40% as estimated by 

the SCAA models, and F=0.46 (the value of estimated for F40% for the preferred ASAP model - see 

Annex B, section B.4.3). The lowest section of the Table shows results for F=0.46 from 2015 with 

500mt for the 2014 catch for these three Base Cases. For the sabbatical model, the values in 

parentheses refer to the catch arising from the GoM haddock stock only. 
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Figure 1: Comparison of the SCAA-BC1 (isolated stock so no movement) (in black) results with the preferred ASAP-model (in red).The fits to the CAA data 

are first shown as the averages over all years for each age, and then as bubble plots of standardised residuals. The area of the bubble is proportional to the 

magnitude of the corresponding residuals. For positive residuals the bubbles are grey, whereas for negative residuals the bubbles are white. 
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Figure 2: Comparison of spawning biomass and recruitment trajectories for the SCAA-BC1 (isolated 

stock so no movement) with a different stock-recruitment residual CV for 2013 (red lines), and for 

the proportions-at-age contributions to the negative log likelihood downweighted by a multiplicative 

factor of 0.5 (blue lines). The SCAA-Base Case assessment uses a CV of 1.0 for recruitment residuals 

for all years and is shown in black in the plots. 

 

 

Figure 3: Comparison of spawning biomass trajectories for the SCAA-Base Case (isolated stock so no 

movement) (black line) and the sensitivity using age-specific σCAA values for the commercial and 

survey CAA data (blue line). The estimated σCAA values are also shown. 

 

 

Figure 4: Comparison of spawning biomass trajectories for the SCAA-BC2 (with movement) with a 

series of fixed alternative movement proportions. Note that the µ=0% trajectory corresponds to 

SCAA-BC1 (with no movement). The right side plot shows the likelihood profile for the movement 

proportion µ (the vertical dashed lines correspond to the 90% confidence limits). 
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Figure 5: Comparison of the SCAA-BC1 (isolated stock so no movement) (in black) and SCAA-BC2 (with movement) (in blue) results. The fits to the CAA 

data are shown for SCAA-BC2 only, first as the averages over all years for each age, and then as bubble plots of standardised residuals. The area of the 

bubble is proportional to the magnitude of the corresponding residuals. For positive residuals the bubbles are light blue, whereas for negative residuals the 

bubbles are white. 
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Figure 6: Comparison of spawning biomass trajectories for the SCAA-BC2 (with movement) (black line) 

and the sensitivity that also includes Gulf of Maine haddock emigrating out of the Gulf of Maine (λ =µ) 

(blue line, which nearly always covers the black line). The right side-plot shows the total number of fish 

estimated to move in and out of the Gulf of Maine each year for this sensitivity. 

 

 

 

Figure 7: Comparison of spawning biomass trajectories for the SCAA-BC2 (with movement) with 

sensitivities to the choice of the age at which fish start to move (note that μ is estimated separately for 

each of these runs). 
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Figure 8: Comparison of spawning biomass trajectories for the SCAA-BC2 (with movement) (estimated 

µ = 0.20%, black line) and the sensitivity in which George's Bank fish move into Gulf of Maine only if the 

total number of fish of age 2+ is greater than GBcrit (see the text for details of how this threshold is 

defined). The horizontal dashed blue line is the maximum value which the proportion moving can attain 

in this sensitivity (µ = 0.28%). 

 

 

 

Figure 9: Comparison of spawning biomass trajectories for the SCAA-BC2 (with movement) (estimated 

µ = 0.20%, black line) and the sensitivity with random effects about µ = 0.20% (fixed) (blue line).The 

right side plot shows the fixed µ value together with the annual values estimated under the random 

effects approach. 
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Figure 10: Comparison of the SCAA-BC1 (isolated stock so no movement) (in black) and SCAA-BC3 (sabbatical model) (in blue) results. The fits 

to the CAA data are shown for SCAA-BC3 only, first as the averages over all years for each age, and then as bubble plots of standardised 

residuals. The area of the bubble is proportional to the magnitude of the corresponding residuals. For positive residuals the bubbles are light 

blue, whereas for negative residuals the bubbles are white. 
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Figure 11: Comparison of spawning biomass trajectories for the SCAA-BC3 (sabbatical model) with a 

series of fixed alternative movement proportions (top left plot). Note that the θ=0% trajectory 

corresponds to the SCAA-Base Case with no movement. The top right side plot shows the likelihood 

profile for the movement proportion θ (the vertical dashed lines correspond to the 90% confidence 

limits). The bottom plot shows the percentage of the total haddock catch in the GoM area arising from 

the “true” GoM  haddock stock for a series of θ values. 

 

 

Figure 12: Comparison of spawning biomass trajectories for the SCAA-BC3 (sabbatical model) with 

sensitivities to the choice of the age at which fish start to move (note that θ is estimated separately for 

each of these runs). 
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Figure 13: Comparison of spawning biomass, fishing mortality and recruitment trajectories for the three 

SCAA Base Cases. Note that the results shown for SCAA-BC3 (sabbatical model) exclude fish from the GB 

stock present in the GoM. 

 

 

Figure 14a: Retrospective plots for SCAA-BC1 (no movement). 
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Figure 14b: Retrospective plots for SCAA-BC2 migration model (permanent movement). The error bars 

for µ show the 90% Hessian-base CIs. 

 

 

 

Figure 14c: Retrospective plots for SCAA-BC3 sabbatical model (temporary movement). The error bars 

for θ show the 90% Hessian-base CIs.
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ANNEX A – Data 

 

Table A1: Total catch (metric tons) of haddock from the Gulf of Maine, 1977-2013 (Michael Palmer, pers. 

commn). 
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Table A2: Mean weight-at-age (kg) at the beginning of the year for the Gulf of Maine haddock stock 

(Michael Palmer, pers. commn). 
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Table A3: Mean weight-at-age (kg) of landings for the Gulf of Maine haddock stock (Michael Palmer, pers. 

commn).  

 
 

 

Table A4: Maturity-at-age for Gulf of Maine haddock (Michael Palmer, pers. commn). 
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Table A5: Total (commercial and recreational landings and discards) catches-at-age for the Gulf of Maine 

haddock stock (Michael Palmer, pers. commn). 
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Table A6: Catch-at-age of haddock in the NEFSC offshore spring research vessel bottom trawl surveys in the 

Gulf of Maine, 1977-2013 (Michael Palmer, pers. commn). 

 
 



26 

 

Table A7: Catch-at-age of haddock in the NEFSC offshore autumn research vessel bottom trawl surveys in the 

Gulf of Maine, 1977-2013 (Michael Palmer, pers. commn). 
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Table A8: Estimated numbers at age for Georges Bank haddock for ages 1-9+ for 1977 to 2011 from 

NEFSC (2012, Table B17). The projected numbers (in italics) for 2012 to 2017 were kindly provided 

by Liz Brooks, based on the following assumptions (Liz Brooks, pers. commn): 

1. the fully selected F is 0.15 in 2011 to2016; 

2. the recruitment in 2012 does not appear large based on surveys, and hence is possibly 

similar to recent recruitment (excluding 2010); 

3. at fiirst glimpse of 2013 recruitment seems VERY large; here it is arbitrarily assumed to be 

the same size as 2013 year-class; and 

4. recruitment in years 2014-2017 is assumed to be time series median (from Table B17 in GB 

haddock report: NEFSC, 2012) 
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ANNEX B - The Statistical Catch-at-Age Model 

 

The text following sets out the equations and other general specifications of the SCAA followed by 

details of the contributions to the (penalised) log-likelihood function from the different sources of 

data available and assumptions concerning the stock-recruitment relationship. Quasi-Newton 

minimization is then applied to minimize the total negative log-likelihood function to estimate 

parameter values (the package AD Model Builder
TM

, Otter Research, Ltd is used for this purpose). 

 

B.1. Population dynamics 

B.1.1 Numbers-at-age 

The resource dynamics are modelled by the following set of population dynamics equations: 

11 += yRN  (B1) 
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where 

ayN ,   is the number of fish of age a at the start of year y, 

yR   is the recruitment (number of 1-year-old fish) at the start of year y, 

m is the maximum age considered (taken to be a plus-group, and set here to be 9). 

aayyay MSFZ += ,,  is the total mortality in year y on fish of age a, where 

aM   denotes the natural mortality rate for fish of age a, 

yF
 

is the fishing mortality of a fully selected age class in year y, and 

ayS ,  
is the commercial selectivity at age a for year y. 

 

B.1.2. Recruitment 

The number of recruits (i.e. new 1-year old) at the start of year y is taken as an average recruitment, 

allowing for annual fluctuation about the deterministic relationship.  

yeRR gmy

ς=  (B4) 

gmR  is the geometric mean (median under a log-normality assumption) recruitment over the 

period considered (see equation B18 below),  

yς   reflects fluctuation about the expected recruitment for year y, which is assumed to be 

normally distributed with standard deviation σR,y (which is input in the applications 

considered here); these residuals are treated as estimable parameters in the model fitting 

process.  

The spawning biomass at the start of year y, is computed as: 
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because spawning for the haddock stock under consideration is taken to occur three months after 

the start of the year and some mortality has therefore occurred, 

where  

strt
,ayw   is the mass of fish of age a during spawning (Table A2), and  

af   is the proportion of fish of age a that are mature (Table A4). 

 

B.1.3. Total catch and catches-at-age 

The total catch by mass in year y is given by: 
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where 

mid
,ayw   denotes the mass of fish of age a landed in year y (Table A3), 

ayC ,   is the catch-at-age, i.e. the number of fish of age a, caught in year y, 

 

The model estimate of survey index is computed as: 
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where  

surv
aS  is the survey selectivity for age a, which is taken to be year-independent, and 

survT  is the month in which the survey is taking place (
survT =4 for spring surveys and 

survT =10 for fall 

surveys) 

 

B.1.4. Initial conditions 

For the first year (y0) considered in the model, the numbers-at-age are estimated directly for ages 1 

to a
est

, with a parameter φ mimicking recent average fishing mortality for ages above a
est

, i.e. 

aay NN ,start,0
=                                             for  estaa ≤≤1  (B8) 

and 
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B.2. The (penalised) likelihood function 

The model can be fit to (a subset of) survey abundance indices, and commercial and survey catch-at-

age data to estimate model parameters (which may include residuals about the stock-recruitment 
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function, facilitated through the incorporation of a penalty function described below). Contributions 

by each of these to the negative of the (penalised) log-likelihood (- Lnl ) are as follows.  

 

B2.1. Survey abundance data 

The likelihood is calculated assuming that a survey index is lognormally distributed about its 

expected value:  

( ) ( ) ( )surv
y

surv
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y IIII ˆnnorexpˆ ll −== εε  (B11) 

where 

surv
yI   is the survey biomass index for survey surv in year y, 

surv
y

survsurv
y NqI

)
ˆˆ =  is the corresponding model estimate, where 

survq̂  is the constant of proportionality (catchability) for the survey series surv, and 

surv
yε  from ( )( )2

,0 surv
yN σ . 

 

The contribution of the survey biomass data to the negative of the log-likelihood function (after 

removal of constants) is then given by: 
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where  

surv
yσ   is the standard deviation of the residuals for the logarithm of index i in year y (which is 

input), and 

surv
Addσ  is the square root of the additional variance for survey biomass series surv, which is 

estimated in the model fitting procedure, with an upper bound of 0.5.  

 

The catchability coefficient 
survq for survey biomass index surv is estimated by its maximum 

likelihood value: 
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B.2.3. Commercial catches-at-age 

The contribution of the catch-at-age data to the negative of the log-likelihood function is given by: 

( ) ( ) ( )∑∑ 
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where  

',',, / ayaayay CCp ∑=  is the observed proportion of fish caught in year y that are of age a, 

',',,
ˆ/ˆˆ ayaayay CCp ∑=  is the model-predicted proportion of fish caught in year y that are of age a,  
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where 
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,1ˆ −−=  (B15) 

WCAA is a relative weighting accorded to these data in the negative log-likelihood, which is set equal 

to 1 for the Base Case runs in these analyses, 

and 

com
CAAσ   is the standard deviation associated with the catch-at-age data, which is estimated in the 

fitting procedure by: 
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This formulation mimics a multinomial form for the error distribution by forcing a near-equivalent 

variance-mean relationship for the error distributions. 

 

Commercial catches-at-age are incorporated in the likelihood function using equation (B14), for 

which the summation over age a is taken from age aminus (considered as a minus group) to aplus (a 

plus group), taken here as 1 and 9 respectively.  

 

B.2.4. Survey catches-at-age 

The survey catches-at-age are incorporated into the negative of the log-likelihood in an analogous 

manner to the commercial catches-at-age (equation (B14)) where: 
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ay CCp ',',, /∑=   is the observed proportion of fish of age a in year y for survey surv, 

surv
ayp ,ˆ  is the expected proportion of fish of age a in year y in the survey surv, given by: 
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As for the commercial data, the minus and plus groups for both surveys are taken here as 1 and 9 

respectively. 

 

B.2.5. Stock-recruitment function residuals 

The stock-recruitment residuals are assumed to be lognormally distributed and serially correlated. 

Thus, the contribution of the recruitment residuals to the negative of the (now penalised) log-

likelihood function is given by: 
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where 

yε   from ( )( )2

,,0 yRN σ , 

( )1ln 2
, += yyR CVσ  is the standard deviation of the log-residuals, which is input. For the SCAA-Base 

assessment, 1=yCV  for all years. 
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1=SRpenW  . 

Note that the purpose of the second term on the right hand side of equation B.18 is to ensure that 

Rgm corresponds to the geometric mean (likely to closely approximate the median) of the pre-2011 

recruitments. 

 

B.2.5. Catches 

∑∑
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where  

yC  

 

is the observed catch in year y, 

yĈ

  

is the predicted catch in year y, and 

yC,σ   is the input CV in year y. It is taken to be 0.15 over 1977-1981, 0.1 over 1982-1988 and 0.05 

thereafter, as for the preferred ASAP model.. 

 

B.3. Estimation of precision 

Where quoted, CV’s or 90% probability interval estimates are based on the Hessian. 

 

B.4. Model parameters 

B.4.1. Fishing selectivity-at-age: 

The commercial and survey fishing selectivities are estimated separately for each age. For the NEFSC 

offshore surveys, the fishing selectivities are assumed to be flat from age 4 and 6 onwards for the 

spring and fall surveys respectively. 

The commercial selectivity is taken to differ over three blocks, as for the preferred ASAP model: 

1977-1988, 1989-2004 and 2005-2013. These selectivities are set to 1 for age 7, and may not 

increase for greater ages. 

 

B.4.2. Natural mortality 

This was set to 0.2, independent of year and age. 

 

B.4.3. Biological reference points 

In the computation of the biological reference points, the weight-at-age, maturity-at-age and 

commercial selectivity vectors are taken as the average over the 2009-2013 period. 

 


