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Summary 

Assessments of the two redfish species in these Units is attempted 

simultaneously to take account of the fact that they are distinguished only 

in the survey results and not in the commercial catches. Fitting the 

declines in the survey indices in Unit 1 for the earlier years proves a 

particular problem, and leads to the question of whether bounds could be 

placed on survey catchabilities (q) to avoid what seem to be some 

unrealistically high estimates of q for S. fasciatus. Allowing for occasional 

large recruitments in these populations shows promise for improving the 

fits to those survey indices. However this needs further investigation to 

determine whether associated poor fits to the survey catch-at-length data 

can be avoided, and whether estimation stability can be improved. 

 

Introduction 

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

assessment approach to the S. mentella and S. fasciatus resources in Units 1+2. Because 

(unlike the survey data) the commercial catch data available for this region is species-

aggregated, the approach assesses both species simultaneously so as to be able to fit to 

these species-combined data. 

 

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

initial runs which were discussed at a teleconference in early March 2014 (though slightly 

modified for reasons given below). Following that teleconference, ideas for further runs 

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

 

Data and Methods 

The data used are listed in Appendix A. 

The methodology, detailed in Appendix B, is broadly as described in Rademeyer and 

Butterworth (2011), with some key features and changes described below: 

1) An age-structured model is used rather than an age-aggregated approach (as in 

McAllister and Duplisea, 2012) for a more realistic representation of the dynamics. 

2) The new Campana ageing data are used: for each species, a von Bertalanffy growth 

curve through the origin has been fitted to these data and the resulting parameters used 

in the assessment. 

3) 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 

length-at age distributions.  

4) Although the survey biomass index is taken as the mature biomass only (≥22cm), the 

model is now fitted to the whole range of survey catch-at-length data available. 
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5) Because the commercial catches and catch-at-length data are not disaggregated by 

species, the assessment models both species simultaneously. 

6) No assumption about the species split of the catches is made on input; rather flexibility 

is allowed in the model by estimating the annual S. fasciatus proportion in the catches 

directly, by means of the following penalty added to the negative log-likelihood: 
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where 
u
yp  is the estimated proportion of S. fasciatus in the catch in year y and Unit u, 

uµ  and 
uσ  are the mean and standard deviation respectively of the distribution of S. 

fasciatus proportions in Unit u based on the survey species split information (McAllister 

and Duplisea, 2012). For Unit 1, 40.0=uµ  and 16.0=uσ , and for Unit 2, 53.0=uµ  

and 10.0=uσ . 

7) Scenarios with occasional high recruitments are implemented by allowing a large 

variability about the stock-recruitment relationship (σR = 1.5), essentially permitting the 

recruitments to be estimated freely. 

8) For the scenarios with a change in carrying capacity, the changes are modelled as a 

random walk (separately for each species): 
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with the following penalty added to the negative log-likelihood: 
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with yε  estimated in the model fitting procedure and 3.0=Kσ . 

9) A penalty on the survey catchability coefficients is used for all scenarios in the spirit of a 

prior to avoid the results going into implausible regions of parameter space (particularly 

S. fasciatus' survey catchability q going unrealistically high). The following penalty is 

added to the negative log-likelihood to effect this: 
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with the upper and lower bounds (lb and ub) chosen as: 2.0=bl , 0.2=bu  and 16=p  

10) The 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. 

11) 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. 

 

Results 

First results for four runs are presented: 

1) "σR=0.4": does not allow for occasional high recruitment or changes in carrying capacity. 
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2) "σR=1.5": allows for occasional high recruitment. 

3) "σR=0.4, with changes in K": makes allowance for changes in the carrying capacities for 

each species. 

4) "σR=0.4, with changes in K, more weight 1990-1995 surveys": as 3) above, but with more 

weight (W=10) added to the 1990-1995 survey data points. This scenario was selected 

because no other run fits the early survey index declines. 

 

Table 1 compares the results for these four scenarios. Note that compared to material 

circulated for the March teleconference, results for 2) differ because of the modification 

indicated in note 11) above – consequently this is termed scenario 2a in this paper. 

Furthermore results for 4) also differ slightly because of an earlier error in the value 

accorded to WCAL for this run. 

 

The fits to the survey biomass indices for S. mentella and S. fasciatus are plotted in Figure 1 

for each of the four scenarios, while Figure 2 compares the spawning biomass and 

recruitment trajectories. 

 

Figures 3 to 5 give more detailed results for scenario 2a (σR=1.5). Figure 3 plots the catch 

trajectories by species and Unit as well as the estimated S. fasciatus proportion in the catch 

for this scenario. The estimated survey and commercial selectivities are shown in Figure 4. 

The commercial selectivities are taken to be the same for Unit 1 and Unit 2. Finally Figure 5 

plots the fits to the survey biomass and catch-at-length data. 

 

At the March 2014 teleconference, a further series of scenarios were suggested and some 

more have been added by the authors. The corresponding runs have been based on the 

σR=1.5 run (scenario 2a – as this was considered at the teleconference to hold the most 

promise) for all except one scenario (scenario 5). Scenario 5 is based on run1 (σR=0.4) 

because that yields values for q which are closer to the Bundy estimate than are the q values 

for run 2a (σR=1.5). 

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

6) Lessen the prior constraints on q (bounds changed to 0.1 to 5). 

7) Flat survey selectivity from length 30cm onwards. 

8) Alternative priors for the species split of the catches, keeping the standard deviation as 

in run 2 a. for Unit 1, 60.01 =µ  and for Unit 2, 73.02 =µ  and b. for Unit 1, 20.01 =µ  and 

for Unit 2, 33.02 =µ . 

9) Logistic survey selectivities. 

10) Allow for large recruitment variability, forcing a fit to the early survey declines. 

 

Tables 2 and 3 compare results for the scenarios described above. Results for scenario 5 

(fixed q=0.43) are shown in Table 2 together with the corresponding scenario 1 results, while 

results for the other scenarios are given in Table 3. 

The fits to the survey biomass indices for S. mentella and S. fasciatus are plotted in Figures 6 

and 7 for the scenarios described above. 

The fits to the survey CAL data for scenarios 2a (σR=1.5, WCAL=0.01) and 2b (σR=1.5, 

WCAL=0.1) are compared in Figure 8. 

Figure 9 plots the commercial and survey selectivities-at-length for scenario 7, for which the 

survey selectivities are forced flat from length 30cm onward. 
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Estimated species-disaggregated catch trajectories and S. fasciatus proportions in the 

catches are compared in Figure 10 for scenarios 2a, 8a and 8b, which assume different priors 

for the species split of the catches. 

 

Discussion 

First the results reported for the teleconference and the impact of some subsequent 

adjustments to those are discussed. 

 

1) Previously it was reported that occasional high recruitment or changes in K could partly 

explain the earlier S. fasciatus survey results, but not the S. mentella ones. Hence run 4) 

is introduced, "forcing" the model to fit both those Unit 1 early declines. With the 

modification of methodology note 11) to commence with , the occasional high 

recruitment option of run 2a) can explain the earlier S. mentella decline through a large 

increase in the estimated size of the 1981 year class, but there are some associated 

problems as discussed further below. 

2) All of runs 2a) to 4) set high values for survey catchability for S. fasciatus in Unit 2 in 

particular in an attempt to reduce estimates of recent biomass so as to be able to better 

reflect the decline in the S. fasciatus survey index in Unit 1 over 1990-1995. 

3) Run 2a), with high σR=1.5 to allow for occasional high recruitment pulses (as indeed are 

then estimated – see Fig. 2), leads to a higher estimate of K for S. mentella which is less 

depleted relative to K, though S. fasciatus is more depleted relative to K. (this again 

differs from the results reported for the teleconference as a consequence of method 

modification 11). 

4) Forcing the varying K scenario to fit the early survey index declines in Unit 1 in run 4) 

leads to higher estimated initial K and some higher survey catchability q values for both 

species, The current biomass estimated for S. mentella is appreciably less. 

 

Specifically in relation to the Figures shown for scenario 2 only (though these points also 

apply to the other scenarios): 

• There seems little information in the process to update the “prior” on the S. fasciatus 

proportion of the catch appreciably (Figure 3). 

• The low survey selectivities in the 20-30cm range (Figure 4) are surprising. The follow 

from the observed length frequency distributions. What mechanism is responsible for 

the absence of these lengths in the survey data? 

 

The following are features of interest in the results for the sensitivities suggested at the 

teleconference and related further runs. 

 

5) Scenario 2a) seems very promising in showing an ability to fit the initial decline in the 

survey index for S. mentella for Unit 1 by estimating a very large 1981 year-class (Figures 

1 and 2). However, that is at the cost of a severe misfit to the corresponding CAL data 

(Figure 5), with an absence in the model of the larger S. mentella observed in these 

surveys. If the weight on these CAL data is increased (scenario 2b), they are fitted much 

better (Figure 8), but then the initial decline in the index is no longer reflected (Figure 6). 

Thus basically there is a conflict between these two data sources given the current 

model, which further work should attempt to resolve. 

6) Setting q=0.43 (scenario 5) makes effectively no difference to the results from the 

comparative scenario 1 with σR=0.4 (Table 2 and compare Figures 6 and 1). 
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7) Scenario 6 which widens the constraints on the range for q leads to a slightly better fit to 

the early decline in the abundance index for S. fasciatus in Unit 1 (Figure 6), but the 

estimates of the corresponding survey q’s become extremely high (Table 3). 

8) Flattening survey selectivity above a length of 30 cm (scenario 7) makes little difference 

to estimates of importance for management (Table 3). 

9) Changing the prior for the species split of the catch to reflect a bigger proportion of S. 

fasciatus (scenario 8a) improves the fit overall (slightly) and particularly that to the early 

Unit 1 S. fasciatus survey index decline (Table 3 and Figure 7). A change in the prior in 

the other direction leads to a deterioration in the fit to this early decline for both 

species. 

10) A logistic form for the survey selectivities (scenario 9) leads to an appreciable 

deterioration in the fits to the S. mentella survey index of abundance (Table 3 and Figure 

7). 

11) Forcing a fit to the early survey indices in Unit 1 for both species (scenario 10, Figure 7) 

leads to a deterioration in the fit to the commercial CAL data in particular, but does 

suggest that the S. fasciatus population is less depleted relative to K (Table 3). 

 

Overall, though the possibility of allowing for occasional high recruitments shows promise, in 

particular as a means of accounting for the initial declines in the survey indices in Unit 1 for 

both species, we must stress that convergence of the model fit is difficult to achieve for this 

approach. More work is needed to improve the estimation stability of this approach before 

the results which it provides could be regarded as reliable. 

 

Further work 

Issues meriting further discussion include: 

• Restrictions (particularly upper bounds) to be placed on the survey catchabilities q. 

• The importance of an assessment reflecting the 1990-1995 declines in the survey 

index for both species in Unit 1. 

• Possible further spatial sub-structuring of the assessment to be able to 

accommodate (inter alia) further surveys with only partial coverage of a Unit. 

• Alternative approaches to modelling occasional high recruitments (mixture 

distributions perhaps?), and whether there is further information that might be 

included to assist stablisethe assessment when such possibilities are admitted. 
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Table 1: Results of fits of scenarios 1 to 4 for redfish in Units 1 + 2. Values fixed on input 

rather than estimated are shown in bold. Mass units are ‘000t. In cases where the value of 

the pre-exploitation spawning biomass K changes within the assessment period, the two 

columns for K
sp

 reports the carrying capacity in the first and last year of the assessment 

period respectively.  The value of WCAL is 0.01 for all these runs. 

 
 

* This is not identical to the run considered during the March  teleconference, as the starting biomass 

corresponds to median rather than mean recruitment – see note 11) under Data and Methods. 
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Table 2: Results of fits of scenarios 1 and 5 (all q’s fixed at 0.43) for redfish in Units 1 + 2. 

Values fixed on input rather than estimated are shown in bold. Mass units are ‘000t. 
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Table 3: Results of fits of scenarios 2a and 2b, and 6 to 10 for redfish in Units 1 + 2. Values fixed on input rather than estimated are shown in bold. Mass 

Units are ‘000t. The value of WCAL is 0.01 unless otherwise indicated. 
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Figure 1: Fits to the survey biomass indices for scenarios 1 to 4.
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Figure 2: Spawning biomass and recruitment trajectories for S. mentella (blue lines) and S. 

fasciatus (red lines) for scenarios 1 to 4. 
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Figure 3: Catch trajectories by Unit and species, and estimated S. fasciatus proportion in the 

catch for scenario 2a (σR=1.5, WCAL=0.01). 

 

 

Figure 4: Commercial and survey selectivities-at-length for scenario 2a (σR=1.5, WCAL=0.01).
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Figure 5: For scenario 2a (σR=1.5, WCAL=0.01), fits to the survey biomass indices (first row), corresponding residuals (second row), fits to CAL data (as 

averaged over all the years for which data are available) (third row) and bubble plots of the standardised residuals for the fit to the CAL data (last row). The 

area of the bubble is proportional to the magnitude of the corresponding standardised residuals. For positive residuals the bubbles are blue/pink, whereas 

for negative residuals the bubbles are white.  
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Figure 6: Fits to the survey biomass indices for scenarios 2a and 2b and 5 to 7.
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Figure 7: Fits to the survey biomass indices for scenarios 8a to 10. 
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Figure 8: For scenarios 2a (σR=1.5, WCAL=0.01) and 2b (σR=1.5, WCAL=0.1), fits to CAL data (as averaged over all the years for which data are available) (third 

row) and bubble plots of the standardised residuals for the fit to the CAL data (last row). The area of the bubble is proportional to the magnitude of the 

corresponding standardised residuals. For positive residuals the bubbles are blue/pink, whereas for negative residuals the bubbles are white. 
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Figure 9: Commercial and survey selectivities-at-length for scenario 7 (σR=1.5, flat survey 

selectivity from 30cm). 
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Figure 10: Catch trajectories by species, and estimated S. fasciatus proportion in the catch 

for scenarios 2a, 8a and 8b. 
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APPENDIX A – Data 

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

 

Table A1: Total catch in kt of redfish (all species combined) in management Units 1 and 2. 
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Table A2: Swept area assumed mature (i.e. >24cm for S. mentella, and >22cm for S. 

fasciatus) biomass estimates (in kt) and coefficients of variation (CVs) for S. mentella and S. 

fasciatus in Units 1 and 2, from McAllister and Duplisea (2012), Table 4. 
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Table A3a: Commercial catch-at-length (number) for Atlantic redfish (both species combined) in Unit 1 (Daniel Duplisea, pers. commn) 
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Table A3b: Commercial catch-at-length (numbers) for Atlantic redfish (both species combined) for Unit 2 (Don Power, pers. commn) 
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Table A4a: Survey catch-at-length (numbers) for S. mentella for Unit 1 and Unit 2 (Daniel Duplisea, pers. commn) 
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Table A4b: Survey catch-at-length (numbers) for S. fasciatus for Unit 1 and Unit 2 (Daniel Duplisea, pers. commn) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



24 
 

Table A5: Life history parameters assumed for S. mentella and 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 of the two populations (S. mentella and S. fasciatus) are modelled by 

the following set of population dynamics equations: 
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where 

aysN ,,   is the number of species s and age a at the start of year y (which refers to a calendar 

year), 

ysR ,   is the recruitment (number of 0-year-old fish) of species s at the start of year y, 

ms is the maximum age considered (taken to be a plus-group) for species s, ms=20, 

∑ +=
u

asayusyusays MSFZ ,,,,,,,,  is the total mortality in year y on fish of species s and age a, 

and 

asM ,   denotes the natural mortality rate for fish of species s of age a, 

ausF ,,  is the fishing mortality of a fully selected age class of species s, for Unit u in year y, 

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

fishing gear) of species s at age a and in year y; when aysS ,, = 1, the age-class a is said 

to be fully selected,  

Selectivity is estimated as a function of length and then converted to selectivity-at-age: 

∑=
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where lasA ,,  is the proportion of fish of species s and age a that fall in the length group l (i.e., 

1,, =∑
l

lasA  for all ages). 
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The matrix lasA ,,  is calculated under the assumption that length-at-age is normally 

distributed about a mean given by the von Bertalanffy equation, i.e. (omitting the species 

subscript s): 

( )( )[ ]2;1~ a
ta

a
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∞ −         (B5) 

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.: 

( )( )ota
a eL −−

∞ −= κβθ 1*
        (B6) 

with β∗
 an estimable parameter (taken to be the same for both species). 

 

B.1.2. Recruitment 

The number of recruits of each species 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, hs, and the pre-exploitation equilibrium spawning biomass,
sp
sK , and recruitment, 0,sR  and allowing for annual fluctuation about the deterministic 

relationship:  
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where  

ys,ς   reflects fluctuation about the expected recruitment for species s 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
ysB ,   is the spawning biomass of species s at the start of year y, computed as: 
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where  

strt
asw ,   is the mass of fish of species s and age a during spawning,  

asf ,      is the proportion of fish of species s and age a that are mature 

sp
sM   is the fraction of mortality that occurs before spawning for species s ( 25.0=sp

sM ). 

In the fitting procedure, sp
sK  are estimated while hs have 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 by mass for species s in Unit u, in year y is given by: 
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where 

ayusC ,,,  is the catch-at-age, i.e. the number of fish of species s and age a, caught in year y in 

Unit u, 

mid
aysw ,,

~
 is the selectivity-weighted mid-year weight-at-age a for species s landed in year y, 

and 

∑∑=
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with 

lsw ,   being the weight of fish of species s and length l. 

 

The model estimate of the survey biomass of species s in Unit u is calculated as: 
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where  

surv
ausS ,,  is the survey selectivity for species s and age a in Unit u,  

surv
um  is the month in which survey takes place in Unit u ( 8=surv

um ), and 
 

 

B.1.4. Initial conditions 

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

fraction ( sθ ) of its pre-exploitation biomass, i.e.: 
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with the starting age structure: 

asstartsstartays NRN ,,,,, 0
=                                             for  sma ≤≤0    (B13) 

where 

10,, =sstartN          (B14) 

)1( 1,1,,,,
1,

−
−

− −= −

ass

M

asstartasstart SeNN as φ                       for 11 −≤≤ sma   (B15) 

))1(1()1( ,1,1,,,,
,1,

mss

M

mss

M

msstartmsstart SeSeNN ms

s

ms φφ −−−= −
−

−
−

−    (B16) 

where sφ  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 sφ =0 for the results reported here. 

 

B.2. The (penalised) likelihood function 

The model is 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, 
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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:  
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u
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where 

yusI ,,   is the survey biomass index for year y , species s and Unit u, 

surv
yususyus BqI ,,,,,

ˆˆˆ =  is the corresponding model estimate, where 
surv

yusB ,,

)
 is the model estimate of 

survey biomass, given by equation (B10), 

usq ,ˆ  is the constant of proportionality (catchability) for species s in Unit u, and 

yus ,,ε  from ( )( )2

,,,0 yusN σ . 

 

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

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

yus ,,σ   is the standard deviation of the residuals for the logarithm of survey index for 

species s in Unit u and year y. 

The catchability coefficient usq , for survey index for species s in Unit u is estimated by its 

maximum likelihood value: 
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y
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A penalty on the survey catchability coefficients is used for all scenarios in the spirit of a 

prior to avoid the results going into implausible regions of parameter space (particularly S. 

fasciatus' survey catchability q going unrealistically high). The following penalty is added to 

the negative log-likelihood to effect this: 
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B.2.2. Commercial catches-at-length 

Commercial catches-at-length are not disaggregated by species. The model is therefore fit to 

the catches-at-length as determined for both species combined. 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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where  

lyup ,,  is the observed proportion of fish (S. mentella and S. fasciatus combined) caught in 

year y and Unit u that are of length l, 
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p  is the model-predicted proportion of fish (S. mentella and S. fasciatus 

combined) caught in year y and Unit u that are of length l,  
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and com
uσ  is the standard deviation associated with the catch-at-length data for Unit u, which 

is estimated in the fitting procedure by: 
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The log-normal error distribution underlying equation (B21) 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 (if not otherwise indicated) 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)). In this case however, data that are disaggregated by 

species are available. 

surv
lyusp ,,,  is the observed proportion of fish of species s and length l in year y for survey carried 

out in Unit u, 
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surv
lyusp ,,,ˆ  is the expected proportion of fish of species s and length l in year y in the survey 

carried out in Unit u, given by: 
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lyus CCp  is the model-predicted proportion of fish for species s caught in 

year y and survey carried out in Unit u that are of length l,  

where 

12
,,,,,,,,,

,,ˆ
surv
u

ays

m
Z

surv
luslasays

surv
lyus eSANC

−
=       (B24) 

Survey catches-at-length are incorporated in the likelihood function using equation (B21), 

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 

ys,ς   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 ) 

 

B.2.5. Catches 
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where  
 

yuC ,

 

is the observed catch of both species in year y and Unit u, 

∑=
s

yusyu CC ,,,
ˆˆ

 

is the predicted catch in year y, and 

Cσ  is the input CV (=0.2). 

 

No assumption about the species split of the catches is made on input; rather flexibility is 

allowed in the model by estimating the annual S. fasciatus proportion in the catches directly, 

by means of the following penalty added to the negative log-likelihood: 

where 
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u
yp  is the estimated proportion of S. fasciatus in the catch in year y and Unit u, 



31 
 

uµ  and 
uσ  are the mean and standard deviation respectively of the distribution of S. 

fasciatus proportions in Unit u based on the survey species split information (McAllister and 

Duplisea, 2012). For Unit 1, 40.0=uµ  and 16.0=uσ , and for Unit 2, 53.0=uµ  and 

10.0=uσ . 

 

B.3. Model parameters 

B.4.1. Fishing selectivity-at-length: 

The survey fishing selectivity-at-length, 
surv

lusS ,,  are estimated directly for a series of lengths 

(from 10cm to 40cm by 5cm steps) 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 to be flat (i.e. 
plusll SS =  for 

l> lplus). 

The commercial fishing selectivities-at-length, lusS ,,  are estimated in terms of a logistic curve 

given by: 
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where 

c
usl ,  cm is the length-at-50% selectivity for species s in Unit u, 

c
us,δ  cm

-1
 defines the steepness of the ascending limb of the selectivity curve for species s in 

Unit u. 

In practice however, the commercial selectivities have been taken to be the same for the 

two Units. 

 

 

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