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SUMMARY 

A concern associated with existing Atlantic bluefin tuna age-based assessments using VPA is 

that the catch-at-age data inputs are obtained by the cohort-slicing method, which is 

approximate and might introduce appreciable bias into the results. Current custom in such 

circumstances is rather to fit the assessment model directly to the basic catch-at-length data 

available, under the assumption of invariance of the distributions of length-at-age of the fish 

over time, with statistical models used to formulate the likelihoods maximised in the model 

fitting process. Initial results are presented for a process of comparing the 2012 ICCAT SCRS 

VPA assessment of the western stock with first a statistical catch-at-age assessment approach 

which also uses the same cohort-sliced catch-at-age inputs, and then a statistical catch-at-

length method which fits instead to catch-at-length distributions. 
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1. Introduction 

 

The longer term objective of this work is the development of a two-stock assessment of the North Atlantic 

bluefin tuna population which takes mixing between the fish of western and of eastern origin into account, in 

particular by using new information from electronic tags and from otolith microchemistry in the model fitting 

process (i.e. similar to the model developed by Taylor et al. 2011). This should provide a more realistically 

based assessment of the bluefin tuna in the North Atlantic (and Mediterranean) and would also provide 

Operating Models for testing candidate Management Procedures for this resource (i.e. in the planned 

Management Strategy Evaluation, or MSE, process). 

 

However a concern with that model, and indeed with the models used currently by ICCAT that assume separate 

stocks, is that they are fit to catch-at-age data derived using the rather coarse approach of cohort-slicing, which 

might be introducing considerable bias into the results. Given the increase in computing power that has become 

available over the most recent decade, current custom in such circumstances is rather to fit the assessment model 

directly to the basic catch-at-length data available, usually under the assumption of invariance of the 

distributions of length-at-age of the fish over time, which considerably simplifies the analysis. Rather than 

utilise VPA, which makes the assumption (the more poorly justified in cases where cohort-slicing is used to 

provide the catch-at-age values input) that the resultant catch-at-age values are error free, statistical models 

(Statistical Catch at Age, SCAA for age data or Statistical Catch at Length, SCAL when the length data are 

input directly) are used to formulate the likelihoods maximised in the model fitting process.  

 

Thus the first step required in addressing the longer term objective for this work is the development of SCAL 

assessments for the western and eastern (plus Mediterranean) components of the fishery treated as separate 

stocks as in current ICCAT assessments. In this paper, initial results are presented by way of comparing one of 

the 2012 ICCAT SCRS VPA assessments (the Continuity Run) for the western stock of North Atlantic Bluefin 

tuna (NABFT) with first two versions of a SCAA approach which also uses the same cohort-sliced catch-at-age 

inputs, and then a SCAL method which fits instead to catch-at-length distributions. This follows a similar 

exercise carried out for the eastern (plus Mediterranean) stock (Butterworth and Rademeyer, 2012). 

 

 

2. Data and Methods 

 

The data utilised are documented in Appendix A. The choice of historic catch estimates that has been made is 

the same as used for the VPA continuity run from the 2012 ICCAT assessment meeting (ICCAT, 2012). 

 

The details of the SCAA and SCAL methodologies are provided in Appendix B, which also lists the values 

input for certain parameters for the associated models. Both SCAA and SCAL applications fit to the data series 

for both CPUE and age (or length) information in manners as similar as possible to those used in the VPA 

continuity run ICCAT (2012). 

 

Some of the specific choices made within these methodologies for the analyses presented here are simpler than 

may eventually prove optimal, in line with the initial nature of these analyses. To mention some of the more 

important, which will be subject to subsequent sensitivity investigations: 

 

 The stock-recruitment form fit is of the Beverton-Holt type, but for practical purposes reflects expected 

recruitment as independent of spawning biomass through fixing steepness h = 0.98 for the baseline 

runs. The standard deviation of the residuals of log recruitment about this relationship is assumed to 

have the value R  = 0.6. Thus far, sensitivities to this have been run for one of the SCAA assessments 

as detailed below. 

 To assist stabilise estimation, the resource is assumed to be at its deterministic pre-exploitation 

equilibrium with the corresponding age structure at the start of the period considered (1950). 

 Though one change in selectivity at age/length over time has been introduced to improve fits to the 

purse seine catch-at-age/length data, further changes might improve the fit further. 

 A single variance for all CPUE series has been used, as is understood to have been the case for the 

VPA continuity run. 

 Catch-at-age and catch-at-length contributions to the overall log-likelihood are downweighted by 

multiplicative factors of 0.1 and 0.05 respectively. This is necessary to take account of the non-

independence of such data (fish of similar age or size tend to group together, so that the tuna caught in, 

for example, the same longline set do not constitute independent samples). However the magnitudes 
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specified for these weights are somewhat arbitrary; the ratio of the length to the age weighting is based 

on the fact that there are about twice as many length classes as age classes considered in the fitting 

process. 

 

For the SCAL assessment, the distributions of length at age are assumed to be normal with CVs of 20% about 

their means (Figure 1 shows the growth curve and the distributions of length-at-age used for the SCAL run). 

Note that either because the data were not available or for related reasons, this “SCAL” in fact continued to fit to 

catch-at-age rather than catch-at-length data for a few indices. 

 

 

3. Results 

 

Two alternatives have been considered for the SCAA implementations: "SCAA-FixedS“ for which the 

abundance indices' selectivities are fixed to those estimated in the VPA continuity run and the selectivity of each 

of the fleet for the plus group is taken to be the same as that of the immediately lower age (as is done for the 

VPA continuity run), and "SCAA-EstS" for which all the selectivities are freely estimated (see Table B1). For 

SCAL, the selectivities are freely estimated. 

 

A brief summary of key results for these three models is provided in Table 1, which includes values for the 

contributions of various data sources and penalties to the (penalised) log likelihood, as well as estimates of 

current depletion expressed in terms of spawning biomass. The brevity of presentation is deliberate at this stage; 

given the initial nature of these results, it would not be appropriate to focus on more than broad features at this 

time. 

 

Figure 2 compares the spawning biomass time series estimated for the three model implementations, and also 

shows the results from the VPA continuity run of ICCAT (2012). 

 

Figure 3 compares recruitment time series, while Figure 4 plots the stock-recruitment relationships and stock-

recruitment residuals.  

 

The fits to the various CPUE indices in Figure 5 are not “unreasonable”, given the evident noise in these data.  

 

Figure 6 shows the estimated selectivity at age vectors for the five fleets for the two SCAA runs, together with 

their fits (which are generally good) to the age distribution proportions averaged over years and in terms of 

residuals (bubble plots). The fits to the distributions of proportions of catch at length averaged over years under 

the SCAL model are similarly reasonable (Figure 7).  

 

Similarly, Figures 8, 9 and 10 show the estimated selectivities and fits to the age/length distribution proportions 

for the abundance indices for the SCAA-FixedS, SCAA-EstS and SCAL respectively. 

 

Figure 11 shows spawning biomass trajectories and stock-recruit relationships for SCAA_EstS for different 

fixed values for steepness h. 

 

 

4. Discussion 

 

For the two SCAA fits, estimating selectivity ("SCAA-EstS") provides the better fit in terms in the negative log 

likelihood (Table 1), arising particularly from better fits to the CAA data which in turn reflect greater doming in 

the selectivities (Fig. 6) and hence higher biomasses (Fig. 2). 

 

The SCAL assessment is closer to that of SCAA-EstS, but does not reflect the increase in spawning biomass 

over the more recent years that SCAA-EstS does. However prior to 1970, the SCAL results look more like those 

for SCAA-FixedS, with a near discontinuity at 1970 (Fig. 2). This is a consequence of the very poor fit to the 

stock-recruitment “data” (Fig. 4), which in turn allows for unrealistically large recruitments over a short period 

in the early 1960s which cause this near-discontinuity. It is important to note that, consistent with the VPA 

continuity run, there are no abundance indices or age/length composition information prior to 1970 input to 

these SCAA and SCAL assessments, so that those early estimates of abundance are being driven effectively 

entirely by the stock-recruitment relationship assumed and the implicit associated assumption of its stationarity. 
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Some initial sensitivities have been run for SCAA-EstS, focusing on lower values of steepness h which are fixed 

on input. As h is decreased, the fit improves (Table 2), the spawning biomass becomes lower and does not 

reflect a recent increase, and the Beverton-Holt curve provides a better reflection of the underlying form 

assumed (Fig. 11).  

 

There are many assumptions and value choices that have had to be made for these initial SCAA and SCAL 

assessment runs. Feedback from meeting participants on these, and on how they might be improved/rendered 

more reliable would be appreciated. 

 

Problems with the data when moving to SCAL 

 

A number of problems have arisen in the process of converting from a SCAA to SCAL assessment formulation: 

 

 Age 0 is not included in VPA and SCAA – but this becomes difficult in SCAL 

 The first two CAN CPUE series differ only by age groups (with 2 ages overlapping) - this cannot be 

effected in SCAL - this is why the SCAL fits to CAA rather than to CAL for these two series, which are not 

distinguished in the length information as provided 

 JLL GOM: the CAA data are not properly described, so that it was not possible to determine an equivalent 

CAL – hence CAA were used in the SCAL for this series 

 US PLL GOM: CAL grouped by length groups, but not consistent and very large grouping – hence  used 

CAA rather than CAL in the SCAL assessment. 

 

Note: The "Larval zero inflated" index has been treated as an index of spawning biomass, with selectivity not 

estimated as in VPA. 

 

 

5. Conclusions 

 

The broad features of these results are rather similar to those found in the corresponding analysis for the eastern 

Atlantic Bluefin tuna (Butterworth and Rademeyer, 2012). Compared to the current ICCAT VPA, biomasses are 

higher because the data prefer a more domed shape for the selectivity functions, and for the more recent years 

the SCAL suggests a more stable abundance compared to the increase suggested by the SCAA. Clearly more 

examination of the consequences of different assumptions for the stock-recruitment relationship is needed in 

further work. Immediately however, the opportunity provided by the meeting at which this paper is to be 

presented should be taken to sort out some remaining queries about the catch-at-length data. 
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Table 1: Results for the two SCAA and the SCAL assessments of this paper with steepness h fixed at 0.98. 

Biomass units are mt, and K
sp

 refers to the pre-exploitation equilibrium spawning biomass. Note that the value 

for the overall negative log likelihood for the two SCAA assessments are comparable to each other, but not to 

that for the SCAL assessment. 

 

  
SCAA-

FixedS 
SCAA-EstS SCAL 

-lnL:overall -3566.3 -3628.6 -1176.6 

-lnL: CPUE 25.4 31.4 20.7 

-lnL: fleet CAA -2546.2 -2567.1 - 

-lnL: fleet CAL - - -738.0 

-lnL: index CAA -1079.0 -1121.1 -279.1 

-lnL: index CAL - - -219.0 

-lnL: RecRes 33.4 28.1 30.3 

Sel smoothing 

penalty 
- - 8.5 

    K
sp

 82956 126945 79614 

B
sp

2011 20379 48308 38456 

B
sp

2011/K
sp

 0.25 0.38 0.48 

 

 

Table 2: Results for SCAA-EstS for different fixed values of steepness h. Biomass units are mt, and K
sp

 refers 

to the pre-exploitation equilibrium spawning biomass. 

 

  h=0.98 h=0.7 h=0.4 

-lnL:overall -3628.6 -3636.4 -3646.6 

-lnL: CPUE 31.4 27.5 27.7 

-lnL: fleet CAA -2567.1 -2567.1 -2568.4 

-lnL: index CAA -1121.1 -1121.1 -1120.9 

-lnL: RecRes 28.1 24.3 14.9 

    K
sp

 126945 140240 205512 

B
sp

2011 48308 33434 29484 

B
sp

2011/K
sp

 0.38 0.24 0.14 
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Figure 1: Growth curve and associated length-at-age distributions assumed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Spawning biomass trajectories. The notation convention used here and below is that VPA refers to 

Continuation Run from ICCAT (2012), SCAA_FixedS is Statistical Catch at Age with fixed selectivity for the 

abundance indices and commercial plus group, SCAA_EstS estimates all the selectivities, and SCAL is 

Statistical Catch at Length with all selectivities estimated. The SCAA and SCAL assessments fix steepness h at 

0.98. 
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Figure 3: Recruitment (number of 1-year-olds, N1) trajectories for the four assessments. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Stock-recruitment relationships (left-hand column) and time series of stock-recruitment residuals for 

the three new assessments. Spawning stock biomass (SSB) is in mt. 
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Figure 5: Fits of the new assessment models to the various CPUE series (full line=SCAA_FixedS, dashed-

dot=SCAA_EstS and dashed=SCAL) 
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Figure 6: Estimated selectivities-at-age, fits to the CAA data (as averages over all the years with data available) and bubble plots of the CAA standardised residuals for the 

five fleets for the SCAA_FixedS (three left-hand columns) and SCAA_EstS (three right-hand columns) assessments. Here and below, in the bubble plots, the size (area) of 

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

are white. Results for the second selectivity period for the purse seine are shown in blue in the plots.  
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Figure 7: Estimated selectivities-at-length, the effective equivalent selectivities-at-age, fit to the CAL data (as average over all the years with data available), and bubble plots 

of the CAL standardised residuals for the associated fisheries for the SCAL assessment.  
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Figure 8: Estimated selectivities-at-age, fit to the CAA data (as average over all the years with data available), 

and bubble plots of the CAA standardised residuals for the catches associated with indices of abundance for the 

SCAA_FixedS assessment.  
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Figure 9: Estimated selectivities-at-age, fit to the CAA data (as average over all the years with data available), 

and bubble plots of the CAA standardised residuals for the catches associated with indices of abundance for the 

SCAA_EstS assessment. The VPA selectivities-at-age are shown in red. 
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Figure 10: Estimated selectivities-at-length (where applicable), the effective equivalent selectivities-at-age, fit 

to the CAA/CAL data (as average over all the years with data available), and bubble plots of the CAA/CAL 

standardised residuals for the catches associated with indices of abundance for the SCAL assessment. Note that 

for CAN GLS W/O 2010, CAN SWNS, US PLL GOM 1-6 and JLL GOM, the model is fit to CAA data rather 

than CAL data. 
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Figure 11: Spawning biomass trajectories and stock-recruit relationships for SCAA_EstS with different fixed 

values for steepness h. 

 

 

 

  



SCRS/213/136 
 

15 
 

 

Appendix A: Data  
 
The data listed below are from ICCAT (2012) for Continuity Run, or as kindly provided by Laurie Kell of 
the ICCAT Secretariat. 
 
Table A1: Catches in mt. 
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Table A2: Commercial catches-at-age used in the SCAA. 
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Table A2 cont. 
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Table A2 cont. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table A3: Commercial fleet catch-at-length used in the SCAL. 
 
In the interests of keeping this document shorter, these data have not been listed below, but can be 
provided by the authors if required. 
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Table A4: CPUE (relative abundance) series used. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

Table A5: Catches-at-age associated with the CPUE series used in the SCAA. 
 
In the interests of keeping this document shorter, these data have not been listed below, but can be 
provided by the authors if required. 

 

Table A6: Catches-at-length associated with the CPUE series used in the SCAL. 
 
In the interests of keeping this document shorter, these data have not been listed below, but can be 
provided by the authors if required. 
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Appendix 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 

(Fournier et al., 2011) is used for this purpose). The description below includes more options than 

used in this paper, but they have been included here for completeness as they may be used in later extensions.  

 

 

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, 

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

f

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

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

 

 

B.1.2. Recruitment 

 

The number of recruits (i.e. new 1-year olds) at the start of year y is assumed to be related to the spawning stock 

size (i.e. the biomass of mature fish) at the mid-point of the preceding year by either a modified Ricker or a 

Beverton-Holt stock-recruitment relationship, allowing for annual fluctuation about the deterministic 

relationship:  

for the modified Ricker: 
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and for Beverton-Holt: 
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where 

,  and   are spawning biomass-recruitment relationship parameters,  

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

distributed with standard deviation R (which is input in the applications considered here); these 

residuals are treated as estimable parameters in the model fitting process.  
sp
yB   is the spawning biomass in year y, computed as: 
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where spawning for the stocks under consideration is taken to occur 
s

T  months after the start of the year (here 

6
s

T ) and some natural mortality has therefore occurred, 
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. 

 

 

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 
f

ayw ,   denotes the mass of fish of age a landed in year y by fleet f, 

f

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

f

ayS ,  is the commercial selectivity of fleet f (i.e. combination of availability and vulnerability to fishing gear) 

at age a for year y; when 1, ayS , the age-class a is said to be fully selected, and 

f

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

 

The model estimate of the mid-year exploitable (“available”) component of biomass for fleet f 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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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  which mimicking recent average fishing mortality for ages above a
est

, i.e. 
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For the applications considered here however, the population starts at its pre-exploitation equilibrium level (K) 

with an equilibrium age-structure, with: 
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B.2. The (penalised) likelihood function 

 

The model can be fit to (a subset of) CPUE, and commercial catch-at-age or catch-at-length data to estimate 

model parameters (which may include residuals about the stock-recruitment function, facilitated through the 

incorporation of a penalty function described below). Contributions by each of these to the negative of the 

(penalised) log-likelihood (- Ln ) are as follows. 

 

 

B.2.1 CPUE relative abundance data 
 

The likelihood is calculated assuming that an observed CPUE index for a particular fishing fleet is log-normally 

distributed about its expected value:  
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where 
i

yI   is the CPUE biomass or abundance index for year y for gear/flag combination i, 
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iq̂  is the constant of proportionality (catchability) for the CPUE series, and 

i

y  from   2
,0 CPUEN  . 

 

 

The contribution of the CPUE data to the negative of the log-likelihood function (after removal of constants) is 

then given by: 
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where  
CPUE   is the standard deviation of the residuals for the logarithm of the indices,  

i

Add  is the square root of the additional variance for the CPUE series, which can be estimated in the model 

fitting procedure but has been set to zero in the applications considered here. 
CPUE  is estimated in the fitting procedure by its maximum likelihood value: 

      
i yi y

i

y

i

y

CPUE II 1ˆlnln
2

  

 

The catchability coefficient 
iq for CPUE index i is estimated by its maximum likelihood value: 

  
y

y

i

yi

i BInqn exˆlnln1ˆ  (B15) 

 

 

B.2.3. 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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and 

 
f

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

procedure by: 
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The log-normal error distribution underlying equation (B16) is chosen on the grounds that (assuming no ageing 

error) variability is likely dominated by a combination of interannual variation in the distribution of fishing 

effort, and fluctuations (partly as a consequence of such variations) in selectivity-at-age, which suggests that the 

assumption of a constant coefficient of variation is appropriate. However, for ages poorly represented in the 

sample, sampling variability considerations must at some stage start to dominate the variance. To take this into 

account in a simple manner, motivated by binomial distribution properties, the observed proportions are used for 

weighting so that undue importance is not attached to data based upon a few samples only. 

 

Commercial catches-at-age are incorporated in the likelihood function using equation (B16), for which the 

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

 

The CAAw  weighting factor may be set to a value less than 1 to downweight the contribution of the catch-at-age 

data (which tend to be positively correlated between adjacent ages) to the overall negative log-likelihood 

compared to that of the CPUE data. Here, 1.0CAAw  

 

In instance where catch-at-age data corresponding to a particular CPUE index are available, the data are treated 

in exactly the same manner as described above, with a specific selectivity 
i

aS  estimated for that index. 

 

 

B.2.4. Commercial catches-at-length 

 

Commercial catches-at-length are incorporated in the likelihood function in the same manner as the catches-at-

age. When the model is fit to catches-at-length, selectivity is estimated as a function of length and then 

converted to selectivity-at-age: 
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where laA ,  is the proportion of fish of age a that fall in the length group l (i.e., 1, 
l

laA  for all ages). 

The matrix laA ,  is calculated under the assumption that length-at-age is normally distributed about a mean 

given by the von Bertalanffy equation, i.e.: 
   2;1~ a
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a
oeLNL  

   (B20) 
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where 

a  is the standard deviation of length-at-age a, which is modelled to be proportional to the expected length-at-

age a, i.e.: 
  ota

a eL


 
 1  (B21) 

with  fixed here to 0.2. 

 

Furthermore, in the model fitting to CAL, the weights-at-age used to compute the CPUE indices are weighted by 

the selectivity for the corresponding fleet: 
i

la

l

lal

f

ly
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ay SAwSw ,,,,
~    (B22) 

i

ayw ,
~  is the selectivity-weighted mid-year weight-at-age a for fleet f and year y; and 

lw  is the weight of fish of length l;  

 

The following term (replacing equation B15) is then added to the negative log-likelihood: 
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The lenw  weighting factor may be set to a value less than 1 to downweight the contribution of the catch-at-

length data (which tend to be positively correlated between adjacent length groups) to the overall negative log-

likelihood compared to that of the CPUE data. Here, 05.0lenw  

 

 

B.2.5. 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 

y  is the recruitment residual for year y, which is estimated for year y1 to y2 (see equation (B4)), 

R  is the standard deviation of the log-residuals, which is input (here R=0.4). 

 

 

B.3. Model parameters 

 

The model input parameters are given in Table B1.Table B1: Input parameters (Length-weight, von Bertalanffy 

growth, maturity and natural mortality at age to age 15 from ICCAT, 2012). Length, weight and time units are 

cm, gm and yr respectively. 

 

Model plus group 16 

Length-weight a=0.00002861, b=2.929 

Von Bertalanffy growth =0.089, Linf=315, t0=-1.13 

Maturity-at-age 100% maturity at age 9 

Natural mortality 0.14 yr
-1

 

Stock-recruitment Beverton-Holt, h=0.98, R=0.6 
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B.4.2. Fishing selectivity 
 

For SCAA, the commercial fishing selectivities-at-age, 
f

ayS ,
, are estimated separately for ages aminus to aplus. The 

selectivity is assumed to stay flat after aplus if not otherwise specified. The selectivity is unchanged over a 

period, but can differ for each of specified different periods.  

 

For SCAL, fishing selectivities-at-length are estimated rather than the selectivities-at-age. These are estimated 

separately for specified lengths from lminus to lplus, assuming linear changes from the lowest to the highest length 

for each length group . The selectivity is assumed to stay flat after lplus if not otherwise specified. The selectivity 

can differ over fixed periods. Details of the fishing selectivities used for both SCAA and SCAL are shown in 

Table B2. 

 

 

Table B2: Details of the selectivities estimated. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


