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Abstract 

An update of the 2011 Rademeyer and Butterworth SCAL assessment is presented. This 

incorporates some refinements of the previous methodology. Results with a deterministic stock-

recruitment relationship are poor in not admitting a realistic estimate of survey catchability q. 

However, if the possibility of occasional large recruitments is introduced, the model fits the 

survey estimates of abundance better and a realistic estimate of q is obtained. As estimates of 

the depletion (B/K) of the resource vary considerably, possibly the best approach to 

management in the shorter term would be by setting catch limits based on annual replacement 

yield (RY) estimates, as these are reasonably robustly estimated at about 5000 tons. 

 

Introduction 

This document presents results for an updated application of a Statistical Catch-at-Length (SCAL) 

assessment approach to the S. fasciatus resource in Unit 3. This Unit has the advantage, for assessment 

purposes, of minimal presence of S. mentella, and so provides a simple case for illustrating the SCAL 

methodology. 

The results presented in this document fall into two sections. First there are those for some initial runs 

which were discussed at a teleconference held in early March 2014. Following that teleconference, ideas 

for further runs were offered and subsequently developed, and those follow in a second section. 

 

Data and methods 

The data are as used in Rademeyer and Butterworth (2011) for S. fasciatus in Unit 3, and are reproduced 

in Appendix A. 

The methodology, detailed in Appendix B, is also basically as described in Rademeyer and Butterworth 

(2011). The following changes have been made compared to that earlier paper. 

a. The growth parameters now used are: Linf=31.879 (cm), κ=0.22132 (yr
-1

) and t0=0 (from fitting a von 

Bertalanffy growth curve through the origin to the Campana ageing data from Units 1+2). 

b. Instead of assuming a knife-edged maturity-at-age 9, a knife-edged maturity-at-length 22 cm is 

assumed, which is then converted to maturity-at-age using the estimated age-length distribution.  

c. Although the survey biomass index is taken to be proportional to the mature biomass only (≥22cm), 

the model is now fitted to the whole range of survey catch-at-length data available (the assumption 

of proportionality to the mature biomass is carried over from simple models used in the past; it 
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might merit reconsideration when applying SCAL methodology which does not require this further 

specification). 

d. The survey and commercial catch-at-length data are downweighted by a factor of 0.01 instead of 0.1 

in Rademeyer and Butterworth (2011). This is to ensure that catch-at-length information does not 

unduly influence the model’s attempt to fit the survey index data. 

e. In the cases where log-normally distributed fluctuations about the stock-recruitment relationship 

are admitted, and with a high value for the extent of variability σR = 1.5 to allow for the possibility of 

occasional very large recruitments, the starting abundance and age-structure corresponds to 

median rather than to mean recruitment (and carrying capacity K similarly), so that this reflects the 

typical situation absent those large year classes. 

f. The results for each run now include a value for replacement yield (RY). This is the future annual 

catch which would maintain the spawning biomass at its current (2010) level by 2020. 

 

Results 

Results are first compared for a series of SCAL assessments with fixed q values (1.5, 1.0, 0.5 and 0.15) 

and first flat selectivity, followed by decreasing selectivity ("dome") at larger lengths (see below for the 

reasons why this approach of fixing to a series of fixed q values was adopted) (runs 1 to 8). Table 1 gives 

results for all these eight scenarios. 

At the March 2014 teleconference, a further series of scenarios were suggested. The corresponding runs 

have been based on the q=0.5, flat selectivity at larger lengths, scenario. 

9) Fixed q=0.43 (as advised to correspond to the estimate by Alida Bundy). 

10) Estimate q freely. 

11) Alternative growth curve - see Figure 1 (Don Power, pers. commn). 

12) Allow for recruitment variability with a) σR=0.4 and q=0.5, b) σR=1.5 and q=0.5 and c) σR=1.5 and q 

estimated freely. 

13) Start the model in 1977 given lack of reliability of pre-1977 catches. 

14) Allow for a change in commercial selectivity between 1986 and 1987. 

15) a) Flat survey selectivity from length 25cm and b) flat survey and commercial selectivities from 

length 25cm. 

16) a) A combination of 12b and 15b, and b) a combination of 12c and 15b, i.e. both high recruitment 

variability and flat selectivity. 

Figures 2 to-8 compare the scenarios described above. These Figures contain plots of spawning biomass 

and recruitment (age-0 fish) trajectories (first row), fits to the survey and commercial catch-at-length 

data (second row, as averaged over all the years for which data are available) and fits to the survey 

biomass index, including residuals (third row).  

Figures 2 and 3 compare scenarios across the different fixed q values for the flat selectivity (runs 1 to 4) 

and then the dome selectivity (runs 5 to 8) respectively. In these plots of the fits to the catch-at-length 
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data and the survey biomass index residuals, only the two extreme cases (q=1.5 and q=0.15) are shown. 

Figure 4 – 8 show results for the second set of scenarios, all compared to run 3 with q=0.5.. Figure 9 

plots the commercial and survey selectivities-at-length for runs 3, 14 (change in commercial selectivity 

between 1986 and 1987), 15a (flat survey selectivity from length 25cm onwards) and 15b (flat 

commercial and survey selectivities from length 25cm onwards). The fit to the commercial CAL for run 3 

and run 14 are compared in Figure 10. 

In Appendix C, Figures C1.1 to AC.16b give results for each scenario individually. These Figures contain 

plots of spawning biomass, catch and recruitment trajectories as well as the stock-recruitment curve in 

the first row. Survey and commercial selectivities-at-length and -at-age are plotted in the second row, 

together with fits to the survey and commercial catch-at-length data (as averaged over all the years for 

which data are available). Bubble plots of the standardised residuals for the fit to the survey and 

commercial catch-at-length data are also shown. The area of the bubble is proportional to the 

magnitude of the corresponding standardised residuals. For positive residuals the bubbles are grey, 

whereas for negative residuals the bubbles are white. Finally, the fit to the survey index, and the 

associated residuals, are plotted, together with the estimated distributions for length at age. 

 

Discussion 

Initial discussion considers the first set of scenarios (runs 1-8), for which the stock-recruitment 

relationship is deterministic. 

1) The survey biomass index data are too noisy to provide an unambiguous preferred fit. It iwas 

considered best initially to illustrate fits over a plausible range of values for q, which we has been 

taken to be 0.15 to 1.5 (note that values above 1 imply herding by the survey net). There will need 

to be further discussion as to what range IS reasonably considered plausible. 

2) Over the range of q considered here, the resource is estimated to be above its BMSY level in all the 

scenarios, and currently increasing. Estimates of current (2009) spawning biomass levels relative to 

pre-exploitation level range from 41 to 93% across the eight scenarios considered. 

3) The priority is a good fit to the survey index. Although this index shows signs of first a downward 

then an upward trend, these models prefer a lower q with a fitted trend that is near flat. The reason 

is that the larger catches historically tend to have occurred BEFORE the survey index downtrend 

ends. 

4)  One MIGHT (no guarantee) get a better fit by trying out other values of M and h – but we are 

skeptical that that will gain much, so wary about investing too much more time there. 

5) The lower q fits better – but we are nervous of over-interpreting that because this is achieved 

through a predicted index that is almost trendless, in contrast to apparent features in the survey 

data. 

6) Introducing a selectivity dome does result in a better fit to the CAL data. Biomass and sustainable 

yield estimates increase, but the estimated status of the resource relative to K and to BMSY is not 

greatly affected. 
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7)  Fits to the CAL data might be improved through introducing recruitment and selectivity at age 

variability, plus smoothing the mean selectivity function with age.  

Then for the further runs 5) to 16b) developed following the March 2014 teleconference, the following 

features are evident (see Table 2 and Figures 4-10). 

8) Estimating q freely (run 10) leads to an unrealistically low value and correspondingly unrealistically 

high biomass. 

9) A number of the sensitivity runs lead to little difference from the baseline run 3 (q =0.5): the 

alternative growth curve (run 11); starting in 1977 (run 13), though biomass is less in this case; a 

change in commercial selectivity between 1986 and 1987 (run 14), which also does not improve the 

fit to the CAL data greatly (Figure 10); and forcing all selectivities to be flat above 25 cm (runs 15a 

and b). 

10) With the introduction of stochasticity in recruitment, there is little difference to results if σR is small 

(run 12a). However for σR set large to allow for the possibility of occasional large year-classes (runs 

12b and 12c), there is a distinct improvement to the fit to the survey abundance time series. MSY 

estimates for these scenarios are some 4-5 times larger than for the other scenarios considered. 

11) Perhaps the best fits to these data are provided by the combination of large σR  and flat selectivities 

above 25 cm (run 16a). This combination of assumptions also allows for a plausible estimate of q at 

0.68 (run 16b) with a Hessian based CV of 0.68. Estimating rather than fixing q does not compromise 

estimation precision fatally: for example, the CV on the MSY estimate increases from 11 to 24%. 

 

Finally, across all the scenarios considered (see also the plots in Appendix C) the following features are 

also evident. 

 

12) Fits to the CAL data are not that good for the commercial catch, and improve only slightly for the 

surveys. 

13) Estimates of replacement yield (RY) are certainly more robust than those of MSY. For most 

scenarios, these RY estimates range between 4300 and 5300 tons, thoughthey  are slightly higher for 

the cases where q is fixed to be large (runs 1, 2 and 5). 

 

Conclusions 

The most promising of the fits attempted are those which allow for the possibility of occasional high 

recruitments by setting the recruitment variability parameter σR  large, though in future mixture 

distributions might offer a better way to model this possibility. They also admit a realistic estimate of 

catchability q, and without fatally jeopardising the precision of estimates. 

Nevertheless estimates of the depletion (B/K) of the resource vary considerably. Possibly the best 

approach to management in the shorter term would be by setting catch limits based on annual 

replacement yield (RY) estimates, as these are reasonably robustly estimated at about 5000 tons 
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Table 1: Results of fits of SCAL runs 1 to 8 for S. fasciatus in Unit 3. Values fixed on input rather than estimated are shown in bold. Mass units are 

‘000t.  
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Table 2: Results of fits of SCAL runs 9 to 15 for S. fasciatus in Unit 3. Values fixed on input rather than estimated are shown in bold. Mass units 

are ‘000t. For runs 16a and 16b, the Hessian-based CVs are shown in parenthesis. 
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Figure 1: The base case growth curve used, as developed from ageing of S. fasciatus in Units 1+2 by 

Campana. An alternative growth curve (Don Power, pers. commn) used in run 11 is also shown. 
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Figure 2: Comparison of results for the four SCAL assessments of runs 1-4 with fixed q and flat 

selectivity at larger lengths. The fits to the survey and commercial CAL data (second row) are as 

averaged over all the years for which data are available. 
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Figure 3: Comparison of results for the four SCAL assessments with fixed q and decreasing selectivity at 

larger lengths (runs 5-8). The fits to the survey and commercial CAL data (second row) are as averaged 

over all the years for which data are available. 
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Figure 4: Comparison of results for runs 3 (q=0.5) and 9 (q=0.43), 10 (q estimated) and 11 (an 

alternative growth curve). The fits to the survey and commercial CAL data (second row) are as averaged 

over all the years for which data are available. 
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Figure 5: Comparison of results for runs 3 (q=0.5), 12a (σR=0.4, q=0.5), 12b (σR=1.5, q=0.5) and 12c 

(σR=1.5, q estimated). The fits to the survey and commercial CAL data (second row) are as averaged 

over all the years for which data are available. 
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Figure 6: Comparison of results for runs 3 (q=0.5) and 13 (start in 1977). The fits to the survey and 

commercial CAL data (second row) are as averaged over all the years for which data are available. 
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Figure 7: Comparison of results for runs 3 (q=0.5), 14 (change in commercial selectivity between 1986 

and 1987), 15a (flat survey selectivity from length 25cm) and 15b (flat survey and commercial 

selectivities from length 25cm). The fits to the survey and commercial CAL data (second row) are as 

averaged over all the years for which data are available. 
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Figure 8: Comparison of results for runs 3 (q=0.5), 16a (σR=1.5, q=0.5, and flat survey and commercial 

selectivities from length 25cm) and 16b (σR=1.5, q estimated, and flat survey and commercial 

selectivities from length 25cm). The fits to the survey and commercial CAL data (second row) are as 

averaged over all the years for which data are available. 
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Figure 9: Comparison of commercial and survey selectivities-at-lengths for runs 3, 14, 15a and 16b.
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Run 8: q=0.5   Run 14: Change in comm. sel. between 1986 and 1987 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10: Fit to the commercial CAL data for runs 3 and 14 (with change in commercial selectivity 

between 1986 and 1987). 
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Appendix A - The data 

Note: Units are throughout cm for length and yr for time. 

Table A1: Catch in kt and swept area mature (i.e. >22cm) biomass estimates (in kt) and coefficients of 

variation (CVs) for S. fasciatus in management unit 3. 
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Table A2: Commercial catch-at-length (in thousands) for Atlantic redfish (assumed to be all S. fasciatus) for Unit 3 (Peter Comeau, pers. commn) 
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Table A3: Survey catch-at-length (numbers) for S. fasciatus for Unit 3 (Peter Comeau, pers. commn) 
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Table A4: Life history parameters assumed for S. fasciatus. 
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Appendix B - The Statistical Catch-At-Length Model 

 

The model used for these assessments is a Statistical Catch-At-Length (SCAL) model. The approach used 

involves the construction of an age-structured model of the population dynamics and fitting it to the 

available abundance indices by maximising the likelihood function. The general specifications of the 

model and its equations 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 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: 
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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 0-year-old fish) at the start of year y, 

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

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), m=20. 

 

These equations reflect Pope’s form of the catch equation (Pope, 1972) (the catches are assumed to be 

taken as a pulse in the middle of the year) rather than the more customary Baranov form (Baranov, 

1918) (for which catches are incorporated under the assumption of steady continuous fishing mortality). 

Pope’s form has been used in order to simplify computations. As long as mortality rates are not too high, 

the differences between the Baranov and Pope formulations will be minimal. 

 

B.1.2. Recruitment 

The number of recruits at the start of year y is assumed to be related to the spawning stock size (i.e. the 

biomass of mature fish) by a Beverton-Holt stock-recruitment relationship (Beverton and Holt, 1957), 

parameterised in terms of the “steepness” of the stock-recruitment relationship, h, and the pre-
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exploitation equilibrium spawning biomass,
spK , and recruitment, 0R  and allowing for annual 

fluctuation about the deterministic relationship:  
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where  

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

distributed with standard deviation σR (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 at the start of year y, computed as: 
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where  

strt
aw   is the mass of fish of age a during spawning,  

af      is the proportion of fish of age a that are mature 

sM   is the fraction of mortality that occurs before spawning ( 25.0=sM ). 

In the fitting procedure, spK  is estimated while h has thus far been fixed at 0.67 for consistency with 

McAllister and Duplisea (2011). 

 

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

The catch-at-age in year y is given by: 
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where 

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

age a and in 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.  

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.: 
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where 

aθ  is the standard deviation of length-at-age a, which is taken as proportional to the expected length-

at-age a, i.e.: 
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        (B9) 

with β∗
 an estimable parameter. 

 

The model estimate of the survey biomass is calculated as: 
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where  

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

isurvm ,  is the month in which survey takes place ( 7, =isurvm ), and 
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∑∑=
l

laly
l

lallyay ASAwSw ,,,,
mid
,

~
       (B11)

 

with 

lw   being the weight of fish of length l. 

 

B.1.4. Initial conditions 

For the first year (y0) considered in the model therefore, the stock is assumed to be at a fraction (θ ) of 

its pre-exploitation biomass, i.e.: 

spsp
y KB ⋅= θ

0
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with the starting age structure: 
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where φ  characterises the average fishing proportion over the years immediately preceding y0. 

Unless indicated otherwise though, the stock is assumed to be at pristine equilibrium in 1960, i.e. θ =1 

and φ =0 for the results reported here. 
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B.2. The (penalised) likelihood function 

The model can be fit to survey abundance indices, and commercial and survey catch-at-length 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 

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 the observed survey index is log-normally distributed about its 

expected value:  

( ) ( ) ( )i
y

i
y

i
y

i
y

i
y

i
y IIII ˆnnorexpˆ ll −== εε       (B17) 

where 
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yI   is the survey biomass  index for year y and survey i, 
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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  

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

The catchability coefficient 
iq for survey index i is estimated by its maximum likelihood value: 
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B.2.2. Commercial catches-at-length 

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

assumption of an “adjusted” (or "Punt-Kennedy (1997)") lognormal error distribution is given by: 
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and comσ   is the standard deviation associated with the catch-at-length data, which is estimated in 

the fitting procedure by: 
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The log-normal error distribution underlying equation (B20) 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. 

The CALW  weighting factor is set to 0.01 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 survey biomass data.  

Commercial catches-at-length are incorporated in the likelihood function using equation (B20), for 

which the summation over age l is taken from length lminus (considered as a minus group) to lplus (a plus 

group), see Table B1. 

 

B.2.3. Survey catches-at-length 

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

manner to the commercial catches-at-length, assuming an adjusted log-normal error distribution 

(equation (B20)) where: 
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Survey catches-at-length are incorporated in the likelihood function using equation (B20), for which the 

summation over age l is taken from length lminus (considered as a minus group) to lplus (a plus group), see 

Table B1. 

 

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 , which is estimated for year y1 to y2 (see equation (B4)), and 

Rσ  is the standard deviation of the log-residuals, which is input ( 4.0=Rσ  or 5.1=Rσ ) 

 

Table B1: Minus and plus length groups (in cm) for the commercial and survey CAL. Note: lmin for the 

surveys is not taken as a minus group. 

 

 

B.3. Model parameters 

B.4.1. Fishing selectivity-at-length: 

The commercial and survey fishing selectivity-at-length, lS and 
isurv

lS ,
 are estimated directly for a series 

of lengths (see Table B2) and is taken to be linear between these lengths. The slope from lengths lminus to 

lminus+1 is assumed to continue exponentially to lower lengths down to length 1. For lengths above lplus, 

the selectivity is taken either to be flat (i.e. 
plusll SS =  for l> lplus) or decreasing exponentially (i.e. 

s
ll eSS

plus
=  for l> lplus, with s an estimable parameter). 

The selectivities-at-length are then converted to an effective selectivity at age aS
~

: 
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mid
aw~ is the selectivity-weighted mid-year weight-at-age a, and 

lw  is the weight of fish of length l 

 

Table B2: Lengths (cm) at which commercial and survey selectivity is estimated directly. 
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Appendix C: Full set of results for runs 1 to 16b 

 

Figure C.1: Full set of results for the SCAL assessment with q=1.5 and flat selectivity at larger lengths (run 1). 
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Figure C.2: Full set of results for the SCAL assessment with q=1.0 and flat selectivity at larger lengths  (run 2). 
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Figure C.3: Full set of results for the SCAL assessment with q=0.5 and flat selectivity at larger lengths  (run 3). 
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Figure C.4: Full set of results for the SCAL assessment with q=0.15 and flat selectivity at larger lengths (run 4). 
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Figure C.5: Full set of results for the SCAL assessment with q=1.5 and decreasing selectivity at larger lengths  (run 5). 
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Figure C.6: Full set of results for the SCAL assessment with q=1.0 and decreasing selectivity at larger lengths  (run 6). 
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Figure C.7: Full set of results for the SCAL assessment with q=0.5 and decreasing selectivity at larger lengths  (run 7). 
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Figure C.8: Full set of results for the SCAL assessment with q=0.5 and decreasing selectivity at larger lengths  (run 8). 
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Figure C.9: Full set of results for the SCAL assessment with q=0.43 (run 9). 



38 

 

 

Figure C.10: Full set of results for the SCAL assessment with q estimated (run 10). 
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Figure C.11: Full set of results for the SCAL assessment with alternative growth curve (run 11). 
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Figure C.12a: Full set of results for the SCAL assessment with q=0.5 and σR=0.4 (run 12a). 
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Figure C.12b: Full set of results for the SCAL assessment with q=0.5 and σR=1.5  (run 12b). 
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Figure C.12c: Full set of results for the SCAL assessment with q estimated and σR=1.5 (run 12c). 
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Figure C.13: Full set of results for the SCAL assessment with a  start in 1977  (run 13). 



44 

 

 Figure C.14: Full set of results for the SCAL assessment with a  start in 1977  (run 14). 
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Figure C.15a: Full set of results for the SCAL assessment with flat survey selectivity from 25cm onwards (run 15a). 
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Figure C.15b: Full set of results for the SCAL assessment with flat survey and commercial selectivities from 25cm onwards (run 15b).
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Figure C.16a: Full set of results for the SCAL assessment with q=0.5 , σR=1.5 and flat survey and commercial selectivities (run 16a). 
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Figure C.16b: Full set of results for the SCAL assessment with q estimated , σR=1.5 and flat survey and commercial selectivities (run 16b). 


