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Abstract 

 
Application of SCAA to the Gulf of Maine flounder resource, though initial 

at this stage, suggests that with some downweighting of catch-at-age data 

in the likelihood, the serious retrospective problem of previous VPA 

assessments of this resource disappear. There are indications from the 

model fits considered that survey selectivity is domed (assuming 

commercial selectivity to be asymptotically flat at higher ages) and/or 

natural mortality is higher than the conventionally assumed 0.2. 

 

 

Introduction 

 

This paper presents the results of some initial applications of Statistical Catch-at-Age 

methodology to data for the Gulf of Maine winter flounder resource. 

 

 

Data and Methodology 

 

The catch and survey based data (including catch-at-age information) and some biological 

data are listed in Tables in Appendix A, from Nitschke (2011). 

 

The details of the SCAA assessment methodology are provided in Appendix B. The Beverton-

Holt stock-recruitment steepness h is fixed at 0.9 for the analyses that follow. The 

contribution of all catch-at-age data to the negative log-likelihood is down-weighted by a 

multiplicative factor wCAA.  

 

 

Results and Discussion 

 

Case 1: Base Case with wCAA=0.1, M=0.2 and commercial selectivity-at-age flat for ages 5 and 

above. (Figs 1-5) 

Particular reasons for this choice were to not have all selectivities domed, and especially the 

fact that unlike the GARM3 VPA assessment (Nitschke, 2008) there is virtually no 

retrospective pattern (Fig. 5). Note (Fig. 1) that the spawning biomass estimates are much 

greater than for that GARM3 VPA. The survey selectivities are domed (Fig. 3) and fit the CAA 

data well, but forcing the commercial selectivity to be flat leads to systematic 

overestimation of the commercial plus-group numbers by the model (Fig. 4). 

 

Case 2: Split the commercial selectivity vector estimation between 1997 and 1998  

This split makes very little difference to the results; hence no plts are shown. 



 2

 

Case 3: Force selectivity at age for the NEFSC surveys to be flat from age 5 and above (Fig. 6) 

This leads to an appreciable deterioration to the for to the data: -lnL increases by 13. The 

primary reason for this deterioration is evident from the CAA residual plots in Fig. 6, which 

show a poor fit to the plus group proportions at age for the two NEFSC surveys. 

 

Case 4: Fix natural mortality M = 0.4 (Fig. 7) 

This leads to a 6 point improvement in the log-likelihood for the fit, with reduced residuals 

for the plus group for the commercial CAA data. 

 

Case 5: Estimate a (constant) M bounded above by 0.6 (Fig. 8) 

The estimated M hits the upper constraint of 0.6. There is a further improvement in the 

negative log-likelihood of 3 points, with the residuals for the plus group for the commercial 

CAA data reduced to near zero. Spawning biomass is however estimated to be lower in 

circumstances of an increased estimate for the pre-exploitation level. 

 

Case 6: Force selectivities-at-age for all surveys to be flat above age 5 (Fig. 9) 

This leads to further appreciable increases in –lnL, and further deterioration in the fits to the 

plus group proportions in the CAA for all data sets. 

 

Case 7: Different weightings (wsurvCAA) for the survey CAA data in the likelihood (Figs 10-12), 

where the reference alternative value for wsurvCAA  is 0.3 (results in Table 1 are shown for this 

choice) in place of the 0.1 for the Base Case, but results for additional choices for wsurvCAA are 

shown in Fig. 11. 

Results are qualitatively different for wsurvCAA = 0.3, with substantial deterioration in the fits 

to trends in the survey abundance series (Fig. 10) and a bad retrospective pattern (Fig. 12). 

Fig 11 shows how as wsurvCAA is increased the fit moves closer to the VPA solution, but with a 

large jump between wsurvCAA  values of 0.27 and 0.28 which is suggestive of a multi-modal 

likelihood and some conflict between the survey trend and CAA data.  

 

Case 8: Allowance for doming in the commercial as well as the survey selectivity vectors (Fig. 

13) 

Unsurprisingly the negative log-likelihood improves, and the commercial plus group 

proportions for the CAA data are better fitted. The estimated magnitude of the spawning 

biomass increases markedly. 

 

 

Concluding remarks 

 

This does not pretend to be a comprehensive analysis, but some important points 

nevertheless seem reasonably established: 

 

• Survey selectivity must be domed (though to a lesser extent as M might be set 

higher than 0.2). 

• There is some conflict between the CAA data and the trends in the survey estimates, 

but if the former are given lower weight, their fit to the data does not appear 

visually to deteriorate substantially. 

• Downweighting of the CAA data leads to higher estimated abundance, but also to 

the disappearance of the retrospective pattern that marks the VPA results. 
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Table 1: Results of SCAA for the Gulf of Maine winter flounder – see main text and Appendix B for specifications and definitions of some of the symbols 

used. Biomass units are '000t. Values input rather than estimated are shown in bold. 
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Fig. 1: Spawning stock biomass trajectories for the Base Case, compared to the GARM3 VPA 

(Nitschke, 2008). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Stock-recruit relationship and estimated stock-recruit residuals for the Base Case. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: Commercial and survey selectivities-at-age estimated for the Base Case. 
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Fig. 4: The first two rows give the fit of the Base Case to the survey indices of abundance and corresponding survey standardised residuals. The third and 

fourth row plot the fit of the Base Case to the commercial and survey catch-at-age data. The third row compares the observed and predicted CAA as 

averaged over all years for which data are available, while the fourth row plots the standardised residuals, with the size (area) of the bubbles being 

proportional to the magnitude of the corresponding standardised residuals. For positive residuals, the bubbles are grey, whereas for negative residuals, the 

bubbles are white. 
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Fig. 5: Retrospective analysis of spawning biomass and recruitment for the Base Case. 
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Fig. 6: Spawning stock biomass trajectories, stock-recruit relationship, recruitment residuals 

and selectivities for Case 3 (NEFSC survey selectivity flat). The fits to the commercial and 

survey CAA are also shown. 
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Fig. 7: Spawning stock biomass trajectories, stock-recruit relationship, recruitment residuals 

and selectivities for Case 4 (M = 0.4). The fits to the commercial and survey CAA are also 

shown. 
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Fig. 8: Spawning stock biomass trajectories, stock-recruit relationship, recruitment residuals 

and selectivities for Case 5 (M estimated at 0.6). The fits to the commercial and survey CAA 

are also shown. 
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Fig. 9: Spawning stock biomass trajectories, stock-recruit relationship, recruitment residuals 

and selectivities for Case 6 (flat selectivities for all surveys). The fits to the commercial and 

survey CAA are also shown. 

 



 12

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10: Spawning stock biomass trajectories, stock-recruit relationship, recruitment 

residuals and selectivities for Case 7 (survey CAA data upweighted in the likelihood). The fits 

to the commercial and survey CAA and to the survey indices are also shown. 
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Fig. 11: Spawning stock biomass trajectories for Case 7 with different weightings (wCAA) for 

the survey CAA data in the likelihood. The VPA results are also shown (Nitschke, 2008). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 12: Retrospective analysis of spawning biomass and recruitment for Case 7. 
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Fig. 13: Spawning stock biomass trajectories, stock-recruit relationship, recruitment 

residuals and selectivities for Case 8 (commercial selectivity domed). The fits to the 

commercial and survey CAA are also shown. 
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APPENDIX A – Data 
 

Table A1: Total catch (metric tons) for Gulf of Maine winter flounder (Nitschke, 2011). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table A2. Catch at age matrix (000s) for Gulf of Maine winter flounder (Nitschke, 2011). 
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Table A3a. Total fishery mean weights-at-age (kg) for Gulf of Maine winter flounder 

(Nitschke, 2011). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table A3b. Spawning stock biomass mean weights-at-age (kg) for Gulf of Maine winter 

flounder (Nitschke, 2011). 
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Table A3c. January-1 mean weights-at-age (kg) for Gulf of Maine winter flounder (Nitschke, 

2011). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table A4: Proportion mature-at-age for Gulf of Maine winter flounder (Nitschke, 2011). 
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Table A5: Survey data for Gulf of Maine winter flounder (Nitschke, 2011). 
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Table A6a: NEFSC spring survey catch-at-age data for Gulf of Maine winter flounder 

(Nitschke, 2011). 
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Table A6b: NEFSC fall survey catch-at-age data for Gulf of Maine winter flounder (Nitschke, 

2011). 
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Table A6c: Massachusetts spring survey catch-at-age data for Gulf of Maine winter flounder 

(Nitschke, 2011). 
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Table A6d: Massachusetts fall survey catch-at-age data for Gulf of Maine winter flounder 

(Nitschke, 2011). 
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Appendix B - The Age-Structured Production Model 

 

The model used for these assessments is an Age-Structured Production Model (ASPM) (e.g. 

Hilborn, 1990). Models of this type fall within the more general class of Statistical Catch-at-

Age Analyses. The approach used in an ASPM assessment involves constructing an age-

structured model of the population dynamics and fitting it to the available abundance 

indices by maximising the likelihood function. The model equations and the general 

specifications of the model are described below, 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 

used to minimize the total negative log-likelihood function (the package AD Model BuilderTM, 

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: 
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where 

ayN ,   is the number of fish of age a at the start of year y (which refers to a calendar year), 

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

ayM ,   denotes the natural mortality rate for fish of age a in year y, 

ayC ,   is the predicted number of fish of age a caught in year y, and 

 m is the maximum age considered (age 8 here) (taken to be a plus-group). 

 

 

B.1.2. Recruitment 

The number of recruits at the start of year y is assumed to follow a Beverton-Holt stock-

recruit curve, and allowing for annual fluctuation about the deterministic relationship:  

( ) )2(
21

Rye
B

B
R

sp
y

sp
y

y
σς

β
α −

+
=      (B4) 

where  

α and β are spawning biomass-recruitment relationship parameters, 
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yς   reflects fluctuation about the expected recruitment for year y, which is assumed to 

be normally distributed with standard deviation 5.0=Rσ   

sp
yB   is the spawning biomass, computed as: 
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where  

sp
ayw ,   is the mass of fish of age a during spawning, and  

ayf ,   is the proportion of fish of age a that are mature, 

δ  is the proportion of the natural mortality that occurs before spawning (0.25 here). 

 

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

The 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, 

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

ayS ,  is the commercial selectivity (i.e. combination of availability and vulnerability to 

fishing gear) at age a for year y; when ayS , = 1, the age-class a is said to be fully 

selected, and 

yF  is the proportion of a fully selected age class that is fished.  

 

The model estimate of the mid-year exploitable (“available”) component of biomass is 

calculated by converting the numbers-at-age into mid-year mass-at-age (using the individual 

weights of the landed fish) and applying natural and fishing mortality for half the year: 
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For survey estimates (in numbers): 
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where  

i
aS  is the survey selectivity for age a and survey i, 

iϖ  is the month in which survey i has taken place. 

 

B.1.4. Initial conditions 

For the first year (y0) considered in the model therefore, the stock is assumed to be at a level 
sp
yB

0
 (estimated in the model fitting procedure), with the starting age structure: 
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where φ  characterises the average fishing proportion over the years immediately preceding 

y0. 

 

 

B.2. The (penalised) likelihood function 

The model is fit to survey abundance indices, and commercial and survey catch-at-age data 

to estimate model parameters (which may include residuals about the stock-recruitment 

function, the fishing selectivities, the annual catches or natural mortality, facilitated through 

the incorporation of the penalty functions described below). Contributions by each of these 

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

 

B.2.1. Survey abundance data 

The likelihood is calculated assuming that an observed survey index is log-normally 

distributed about its expected value:  
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where 

i
yI   is the survey index for year y and series i, 

isurv
y
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 is the model estimate, 

given by equation (B8), 

iq̂  is the constant of proportionality (catchability) for index i, and 
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For these analyses, selectivities are estimated as detailed in section B.3.1 below.  
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The contribution of the survey abundance data to the negative of the log-likelihood function 

(after removal of constants) is then given by: 
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where  

i
yσ   is the standard deviation of the residuals for the logarithm of index i in year y. 

 

Homoscedasticity of residuals is assumed, so that ii
y σσ = is estimated in the fitting 

procedure by its maximum likelihood value: 
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where 

in  is the number of data points for survey index i. 

The catchability coefficient 
iq for survey index i is estimated by its maximum likelihood 

value: 
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To allow for first order serial correlation between the survey residuals, a serial correlation 

coefficient 
iρ would be estimated for each survey index:  
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and the summation in equation (B.16) extends over one less year. 

 

B.2.2. Commercial catches-at-age 

The contribution of the catch-at-age data to the negative of the log-likelihood function 

under the assumption of an “adjusted” lognormal error distribution is given by: 

( ) ( ) ( )[ ]∑∑ −+=−
y a

comayayayaycom
CAACAA pnpnppnwL

22

,,,, 2/ˆ/n σσ llll  

 (B18) 

where  

wcomCAA is a multiplicative factor to downweight the commercial CAA likelihood, 

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

age a, where 

 

yay
M

ayay FSeNC ay

,
2/

,,
,ˆ −=        (B19) 

and 

comσ   is the standard deviation associated with the catch-at-age data, which is estimated 

in the fitting procedure by: 
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B.2.3. 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 (thus they are also weighted by a factor 

wsurvCAA), assuming an adjusted log-normal error distribution (equation (B18)) where: 
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ayp ,ˆ  is the expected proportion of fish of age a in year y in the survey. 

 

B.2.4. Stock-recruitment function residuals 

The stock-recruitment residuals are assumed to be log-normally distributed. 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 RN σ   

 

B.3. Model parameters 

B.3.1. Fishing selectivity-at-age: 

The commercial selectivity is estimated separately for ages 1 to 4 and is assumed to be flat 

for ages 5 and above (except for case 8) for which selectivity is also estimated separately for 

ages 5 and above. The survey fishing selectivities are estimated separately for ages 1 to aplus 

(the plus group age) and flat thereafter. aplus=7 for the spring surveys and 6 for the fall 

surveys. 
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B.3.2.: Other parameters reported in Table 1 and elsewhere 
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where y1=1982 and y2=2010.  

 

Calculation of MSY 

The equilibrium catch for a fully selected fishing proportion F is calculated as: 
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where 
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The maximum of ( )FC  is then found by searching over F to give MSYF , with the associated 

spawning biomass and yield given by 
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