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Abstract 

 

SCAA is applied to the SNE winter flounder resource, for which past VPA 

assessments have been plagued by retrospective patterns. It is shown that these 

patterns can be removed by the combination of allowance for autocorrelation in 

the residuals of survey series fits to underlying abundance trends, and an 

increase in natural mortality over time commencing sometime during the 1990s. 

 

 

 

Introduction 

 

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

methodology to data for the Southern New England/Mid-Atlantic winter flounder resource. 

This exercise has focused on attempts to remove the retrospective pattern evident in past 

assessments, which has been reduced though not eliminated by the approach of allowing an 

estimable change in survey catchability q between 1993 and 1994 (Terceiro, 2008). 

 

 

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. They are as kindly provided by Mark Terceiro on 17 

March. The aim of the paper is primarily methodological, and the work was carried out 

before subsequent updates to these data became available. The key run will be repeated 

with these updated data and the results presented in a subsequent document. 

 

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

 

Various approaches were attempted to remove the retrospective pattern which occurs in 

this assessment as for earlier VPAs (Terceiro, 2008). These included adding auto-correlation 

to the recruitment time series, which proved unsuccessful. The most successful approach 

was found to be the combination of allowing estimable auto-correlation in the residuals 

about the fits to each survey index and an increase in natural mortality over recent years, 

where best results were found to be provided by having this increase occur smoothly from 

M=0.3 prior to 1995 to 0.6 by 2005 and thereafter (the higher value was estimated in the 

model fit, subject to an upper bound of 0.6).  
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Results are illustrated in terms of three Base Cases, with the following characteristics: 

 

 

 

 

 

 

 

 

 

 

        * Estimate hit upper bound 

 

A series of variants of the NBC are also considered. 

 

 

Results and Discussion 

 

Results for the three Base Cases are given in Table 1. Retrospective patterns for spawning 

biomass and recruitment trajectories are compared in Fig. 1 for each of the three Base 

Cases. A full set of results are shown for the New Base Case in Figs 2-6, which show the 

estimated spawning biomass trend, the stock-recruitment relationship and residuals, the 

selectivity-at-age vectors, and the model fits to data for the survey indices of abundance and 

the various sources of proportions-at-age information. Fig. 7 plots the biomass loss to the 

increase in M in the NBC. 

 

Tables 2 and 3 give results for variants to the NBC, with retrospective patterns plotted in Fig. 

8 and the spawning biomass trajectories for variant 8 (starting in 1964) plotted in Fig. 9. 

Results shown in Table 1 (Mohn’s ρ) and in Fig. 1 show that the NBC approach of allowing for 

autocorrelation in the residuals for the survey indices, and for natural mortality to increase 

after 1995, effectively removes the retrospective pattern in this assessment. 

The reason the autocorrelation (which of itself does little to remove this pattern) is required 

is evident from inspection of Fig. 5. Fig. 5a shows that with the surveys split in 1993/1994, 

the NEFSC fall survey fits the survey trend reasonably. However if the split is removed (Fig. 

5b) the fit appears very poor, with clear systematic trends in residuals (Fig. 5b). If 

autocorrelation is taken into account though, the associated residuals no longer show these 

systematic trends, both in Fig. 5b and for the NBC in Fig. 5c. Hypothesising such auto-

correlation is not unreasonable, as the environmental effects responsible for the fluctuations 

in survey q over time could well have some persistence and hence show positive 

autocorrelation. CAA residuals for the NBC (Fig. 6) appear acceptable. 

Table 1 also shows that for the NBC, the variability in recruitment is more consistent over 

time (similar values of σR_out for earlier and later periods unlike for BC1 or BC2. 

Table 2 compares results for different input values for natural mortality M and its changes 

over time. In log likelihood terms, the only (slight) improvement compared to the NBC is 

through commencing the increase in M in 1990 rather than 1995. Results in Table 3 show 

that replacing estimation of a separate autocorrelation parameter for each survey by a single 

estimable parameter is marginally preferable in AIC terms, but makes little difference to key 

results. Retrospective patterns are all minimal for these further scenarios (see Mohn’s ρ 

values in Tables 2 and 3, and Fig. 8). 
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Fig. 2 compares the NBC estimate of the spawning biomass trajectory with that from the 

previous GARM assessment as provided by VPA. The trends are very similar, with the 

differences in scale attributable primarily for the higher (initial) M value of 0.3 for the NBC 

compared to 0.2 for that VPA. 

Fig. 7 reports the additional loss of flounder to natural mortality arising from the increase in 

M over time for the NBC. Note that the assessment results would be essentially unchanged if 

this reflected catches not taken into account rather than additional natural predation. 

Fig. 9 reports results of starting the assessment in 1964 rather than 1981. This requires 

assumptions to develop the total catch made over that period, which are detailed in 

Appendix A. Because no catch-at-age data are available for that period, there is no basis to 

estimate recruitment residuals, so a constant recruitment level is assumed. These results 

suggest that the peak in spawning biomass in about 1980 initiated as a result of reduction of 

catches in the 1970’s, and was reversed by an increase in those catches in the 1980s, rather 

than reflecting a period of enhanced reproduction during favourable environmental 

conditions. 

In summary, the adjustment of the assessment to include autocorrelation in the residuals of 

survey indices as measures of abundance, together with an increase in M over time initiating 

sometime during the 1990s, can resolve the retrospective pattern observed in past 

assessments of this resource. Ready biological justification is available for the introduction of  

the first of these features, but it is more difficult to suggest mechanisms to explain the 

second.  

 

Further Work Planned 

The New Base Case reported here will be updated given updated data. 

 

Reference 

Terceiro M. 2008. J. Southern New England/Mid-Atlantic winter flounder. Appendix to the 

Report of the 3rd Groundfish Assessment Review Meeting (GARM III): Assessment of 

19 Northeast Groundfish Stocks through 2007, Northeast Fisheries Science Center, 

Woods Hole, Massachusetts, August 4-8, 2008 

http://www.nefsc.noaa.gov/publications/crd/crd0816/pdfs/garm3j.pdf 
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Table 1: Results for the three Base Cases. Biomass units are '000t. The two recruitment 

values refer to the averages over two recruitment periods, i.e. 1989-2010 and 1981-1988 

respectively. MSY and related quantities have been computed under each of these 

recruitment levels, assuming the natural mortality M that applies in the most recent year if 

M is taken to have changed over time. Further details regarding some of the quantities 

shown can be found in Appendix B, section B.3.2. 
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Table 2: Results for variants on the New Base Case relating to different specifications for M and its changes over time. 
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Table 3: Results for two further variants on the New Base Case. 
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Fig. 1: Retrospective analysis of spawning biomass and recruitment for the three Base Cases. 
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Fig. 2: Spawning stock biomass trajectories for the New Base Case, compared to the GARM3 

SPLIT VPA run (Terceiro, 2008). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: Stock-recruit relationship and estimated stock-recruit residuals for the New Base 

Case. The change from high to lower recruitment is taken to occur at the minimum spawning 

biomass over the pre-1989 period. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: Commercial and survey selectivities-at-age estimated for the New Base Case. 



 9

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5a: Fit of the Base Case 1 to the survey indices of abundance and corresponding survey standardised residuals. The survey data for the second period 

have been scaled by the ratio of the pre- and post-1993 indices q. 
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Fig. 5b: Fit of the Base Case 2 to the survey indices of abundance and corresponding survey standardised residuals. Residuals are shown both before 

(“lambda”) and after (“eps”) adjustment for serial correlation. 
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Fig. 5c: Fit of the New Base Case to the survey indices of abundance and corresponding survey standardised residuals. Residuals are shown both before 

(“lambda”) and after (“eps”) adjustment for serial correlation. 
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Fig. 6: Fit of the New Base Case to the commercial and survey catch-at-age data. The first and third rows compare the observed and predicted CAA as 

averaged over all years for which data are available, while the second and fourth rows plot 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. 7: Additional annual biomass loss from resource due to increase in M from 0.3 to 0.6 for 

the NBC. 
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Fig. 8: Retrospective analysis of spawning biomass and recruitment for the New Base Case 

and some variants. 
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Fig. 9: Spawning stock biomass, recruitment and catch trajectories for the variant 8 of the 

New Base Case (starting in 1964), compared to the NBC and GARM3 SPLIT VPA run (Terceiro, 

2008). 
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APPENDIX A – Data 
 

Table A1: Total catch (metric tons) for SNE/MA winter flounder (M. Terceiro, pers. commn). 

Pre-1981, only the commercial landings are available; to compute the total catches, the 

average 1981-1985 ratio of commercial landings (0.62), commercial discards (0.09), 

recreational landings (0.28) and recreational discards (0.01) is assumed to apply over the 

pre-1981 period. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table A2. Catch at age matrix (000s) for SNE/MA winter flounder (M. Terceiro, pers. 

commn). 
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Table A3a. Total fishery mean weights-at-age (kg) for SNE/MA winter flounder (M. Terceiro, 

pers. commn). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table A3b. Spawning stock biomass mean weights-at-age (kg) for SNE/MA winter flounder 

(M. Terceiro, pers. commn). 
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Table A3c. January-1 mean weights-at-age (kg) for SNE/MA winter flounder (M. Terceiro, 

pers. commn). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table A4: Proportion mature-at-age for SNE/MA winter flounder (M. Terceiro, pers. 

commn). 
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Table A5: Survey data in terms of total numbers for SNE/MA winter flounder (M. Terceiro, 

pers. commn). 
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Table A6: Survey catch-at-age data mean numbers for SNE/MA winter flounder (M. Terceiro, 

pers. commn). 

 

NEFSC spring      NEFSC fall 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NEFSC winter     MADMF 
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Table A6: continued 

RIDFW        CTDEP 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NYDEC     NJDFW Ocean 
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NJDFW Rivers      URIGSO 
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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 (taken to be a plus-group). 

 

 

B.1.2. Recruitment 

In line with the approach used at GARM in 2008 (Terciero, 2008), the number of recruits at 

the start of year y is assumed to have two constant levels, depending on the spawning 

biomass level which corresponds in this case to two particular periods, and allowing for 

annual fluctuation about the deterministic relationship:  
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where  
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yς   reflects fluctuation about the expected recruitment for year y, which is assumed to 

be normally distributed with standard deviation 5.01 =Rσ  for the period 1981-1988 

and 3.02 =Rσ  for the period 1989-2010; these residuals are treated as estimable 

parameters in the model fitting process. The value for the earlier period was chosen 

to be rather uninformative. For the second period, it is rounded to a value slightly 

above the standard deviations of recruitment residuals shown in a number of these 

assessments. This value choice is intended to be somewhat informative for the most 

recent recruitment estimates for which the corresponding cohorts have been 

sampled relatively few times so that their initial magnitudes are not well estimated 

by the catch-at-age data alone,  

1A  and 
2A  are constants, and 

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 (0.2 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.  
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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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i
yI   is the survey index for year y and series i, 

isurv
y

ii
y NqI ,ˆˆ =  is the corresponding model estimate, where 

isurv
yN ,

 is the model estimate, 

given by equation (B8), 

iq̂  is the constant of proportionality (catchability) for index i, and 

i
yε  from ( ) 






 2

,0 i
yN σ . 

For these analyses, selectivities are estimated as detailed in section B.3.1 below.  

 

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. 
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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: 
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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, where 
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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, 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 ( )( )21,0 RN σ  for year y1 to 1988, and from ( )( )22,0 RN σ  for year 1989 to y2. 
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B.3. Model parameters 

B.3.1. Fishing selectivity-at-age: 

The commercial and survey fishing selectivities are estimated separately for ages 1-7+. The 

convention used is to set Sa to 1 for the age with the highest selectivity. 

 

B.3.2.: Other parameters reported in Tables 1-3 and elsewhere 

Mohn's ρ 

Retrospective evaluations involved four model runs with successively earlier terminal years 

(2008, 2006, 2004 and 2002), in addition to the run with the full data set (2010). Mohn's ρ 

for a statistic S is calculated as: 
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Where Sj is the estimated statistic (here spawning biomass or recruitment) for year j from 

the run with the full data set and sj is the estimated statistic for year j from the model with j 

as the terminal year.  

 

Loss to increased M 

For each year of the assessment period, a "pseudo" numbers-at-age matrix (N*) is 

computed, assuming M=M1, the natural mortality at the start of the assessment period: 
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The loss to increased M is then calculated as: 
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This is calculated for two periods: a) y1=1981, y2=1988 and b) y1=1989, y2=2010 
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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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