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Summary 

SCAA and dynamic Production Model assessments of the wreckfish resource are conducted 

following the specifications set out by a mid-November 2013 SAFMC SSC workshop. The 

results are generally rather robust across a wide range of scenarios. MSY for the Reference 

Case is estimated at 279 thousand lb. Dynamic Production models produce similar estimates 

for MSY. Adoption of the Lytton somatic growth curve removes an earlier conflict between 

the CPUE and CAL data, and leads to a relatively precise estimate of M of 0.037 yr
-1

. For 

most scenarios considered, the resource is above its MSY abundance level, and overfishing 

is not taking place. Projections to 2020 indicate that for most scenarios, quotas could be 

increased from the current 235 thousand lb by up to 100 thousand lb at least, without the 

resource falling below its MSY abundance. The primary exception to these results is if a 

Ricker stock-recruitment function is assumed, which leads to a higher estimate of the 

abundance corresponding to MSY. 

 

 

Introduction 

This document carries out an assessment of the US South Atlantic wreckfish resource as originally 

proposed in Butterworth (2013), and then further elaborated as to the specifics desired by a 

workshop involving, in particular, some members of the SSC which took place in North Charleston in 

mid-November, 2013 (SAFMC, 2013). 

 

The assessment models runs focus primarily on Statistical-Catch-at-Age (SCAA), though alternatives 

in the form of dynamic production models and the DCAC method previously applied (Anon., 2011a) 

are also considered. First the methods are detailed and the results obtained listed and discussed. 

Then ten year projections under different constant catch levels are reported as a basis from which 

advice may be developed. 
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Data and Methodology 

The data and methods used are as described in Appendices A, B and C, except in a few cases where 

brief description in the main text suffices. 

 

For the SCAA assessments, the Reference Case (RC) as agreed at the November 2013 workshop 

(SAFMC, 2013) incorporates the following key specifications:  

 

1) Estimate natural mortality M; 

2) Fix stock-recruitment steepness h = 0.75; 

3) Use the existing CPUE series;  

4) Use the Lytton growth curve (the freely estimated version);  

5) The standard deviation of length at age is set constant;  

6) A logistic curve fitted to available maturity-at-length information is input; and 

7) Asymptotically flat selectivity at length at large lengths. 

 

Sensitivities based on the RC are as follows, with further technical details provided in Appendix B 

where necessary: 

 

S1) Alternative h values: S1a: h=0.6, S1b: h=0.9, S1c: beta distribution prior on h (mode of 0.84 with 

α=5.94, β=1.97.from a beta distribution fitted by maximum truncated likelihood in Shertzer and 

Conn, 2012) 

S2) Alternative fixed M values: S2a: M=0.025, S2b: M=0.055, S2c: M=0.065. 

S3) Increasing M at larger ages (linear from age 20 at the rates indicated) for:  

a) M for ages 0 to 19 fixed to that estimated in the RC: S3a: 0.0025yr
-1

, S3b: 0.005yr
-1

and S3c: 

0.075yr
-1

; and  

b) M for ages 0 to 19 estimated: S3d: 0.0025 yr
-1

. 

S4) CPUE:  

a) S4a): Use the Vaughan et al. (2001) numbers per day series for the initial 1991-1998 period, 

renormalizing this for the same average as the series used for the RC over that period (see 

Table A2), and appending the RC series thereafter;  

b) S4b): 1% p.a. increase in catchability. 

S5) Catch: Vaughan trend variant over 2001-2008 (See Table A1). 

S6) Selectivity-at-length:  

a) S6a): Include dome (equation B28): M estimated: S6a1: dome slope=0.05, M fixed: S6a2: 

dome slope=0.05, S6a3: dome slope=0.10. 

b) S6b): logistic selectivity (equation B29).  

S7) Maturity: no sensitivity suggested for this. 

S8) Down-weight CAL in –lnL (equation B22): S8a: WCAL=0.6, S8b: WCAL=0.3, S8c: WCAL=0.1. 

S9) Change –lnL form for CAL data changed to SQRT(proportion) as a multinomial surrogate 

(equation B25). 

S10) Alternatives to Lytton growth curve (t0=-1, Linf=Base). 

S11) SSB = B
sp

 = 0.8K at the start of the fishery (equation B12). 
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S12) Ricker S/R curve (equation B4b): S12a: M estimated, S12b: M fixed to that estimated for the RC. 

S13) Alternatives to standard deviation constant for length-at-age distribution: )(* aLa βθ =
(equation B10). 

S14) Alternative stock structure:  

a) S14a): h=1, corresponding to an external source for the bulk of the recruits;  

b) S14b): Recruitment depends on time (linear decrease) rather than on SSB to mimic the effect 

of other fisheries on an ocean-wide stock as a whole (previous attempts to estimate catch 

series for the whole North Atlantic have not been successful).  

 

The production models applied are detailed in Appendix C. A comparative application of the DCAC 

method used in Anon. (2011a) is also reported; the methodology for that is set out in Anon. (2011a). 

 

 

Results and Discussion 

SCAA assessments 

The results of applications of the SCAA model for the RC are given in Table 1 with associated 

trajectories estimates and fits to the CPUE and CAL data shown in Fig. 1. The fits are generally good 

(without evidence of the data conflict shown in earlier analyses based on a growth curve from a 

different wreckfish stock – Butterworth and Rademeyer (2012), though the bubble plot for the CAL 

data does evidence some systematic patterns which could reflect changes in selectivity over time.  

Details of the assumptions made for priors for extending these estimates to give the posterior 

distribution results shown in Table 1 are provided in Appendix B. Generally posterior median 

estimates for biomass related quantities are larger than their joint posterior mode counterparts (the 

MLEs): for example the MSY MLE of 279 thousand lb increases to 315 with a 90% PI of [236, 849]. 

The procedure is able to estimate natural mortality with reasonable precision, yielding an estimate 

of M = 0.037 with a Hessian based CV of 0.11 and a posterior 90% PI of [0.030, 0.058]. 

Changing the value of steepness h from the RC level of 0.75 (to 0.6 for sensitivity S1a or to 0.9 for 

S1b) makes little difference to the biomass trajectories estimated (Fig. 2) though the value of MSY is 

sensitive to these changes (see Table 2). The value of –lnL hardly changes across this range of values 

for h, indicating that there is insufficient information content in these data to estimate h unless a 

prior is also provided. This is done for sensitivity S1c, where a beta distribution prior is treated as a 

penalty function, with a resultant estimate for h of 0.758 which reflects some downward adjustment 

of the prior median of 0.84. The distribution of the estimate of h (even given this prior) is wide with 

a CV of 0.24. 

Fixing instead of estimating natural mortality M (S2a to S2c) also makes relatively little difference to 

biomass trajectories except for the highest value of 0.065 considered, which leads to much higher 

estimates of biomass and of MSY, but to a clear statistical lack of fit to the CPUE data (Fig. 3). 

Essentially as M is increased above the RC estimate, the fit to the CAL data improves, but that to the 

CPUE data deteriorates (Table 2). Allowing for M to increase at large ages sees a compensating 

decrease in the value of M estimated to unrealistically low levels (S3d), whereas when M is fixed at 



 4 

its RC value, biomasses and MSY estimates increase as the value of M at higher ages is raised. 

However that leads to a worse overall fit, with improvements to fitting the CAL data unable to 

compensate for increasingly worse fits to the CPUE data (S3a, S3b and S3c in Table 2 and Fig. 4). 

The mid-November workshop (SAFMC, 2013) discussed possibilities for alterative CPUE series in 

some detail, but eventually settled on only a few to consider in sensitivity tests. Results for those 

alternative CPUE series are listed in Table 3. Use of the Vaughan et al. (2001) series for 1991-98 (S4a) 

leads to a slight increase in the estimate of MSY, whereas (as might be expected) the estimated MSY 

falls more substantially when an increase in catchability is considered (S4b).The estimated biomass 

trajectories are scarcely affected by these changes (Fig. 5). Changes to the results when the 

alternative catch series for 2001-2008 is used (S5) are scarcely discernible (Table 3 and Fig. 6). 

Allowing for the possibility of a dome in selectivity increases estimated abundance in absolute terms 

(S6a1 to S6a3) and can provide improvements in fits to the CAL data, though MSY estimates are 

mainly not too heavily impacted (Table 3 and Fig. 7). However, for the steepest doming assumed 

(S6a3: d =0.1) though abundance and MSY increase appreciably, the fit to the CPUE data shows a 

markeddeterioration. Assuming selectivity to have a logistic form (S6b) makes little difference to 

results (Table 3 and Fig. 8). 

When the weighting given to the CAL data in –lnL is decreased (S8a, 8b and 8c in Table 3; Fig. 9), 

estimates of MSY and abundance drop, but only slightly. As might be expected, CVs of estimates 

increase as this weighting is decreased, though this effect is less marked for biomass-related 

quantities which are determined primarily by the combination of the CPUE and catch data. The 

impact of changing the form of the –lnL contribution by the CAL data from an “adjusted log-normal” 

to multinomial surrogate form is minimal (S9 in Table 4 and Fig. 10). 

With the alternative somatic growth curve which reflects lower lengths at smaller ages (S10), the fit 

to the CAL data deteriorates appreciably (about 6 –lnL points); MSY is slightly higher but abundance 

estimates are lower (Table 4 and Fig. 11). For a starting spawning biomass of 0.8K, the fit 

deteriorates slightly, the MSY estimate is unchanged, and estimates of abundance increase slightly 

(Table 4 and Fig. 12). 

Two results are shown for substituting the Beverton-Holt stock-recruitment functional form by a 

Ricker form: S12a re-estimates M (which increases), while for S12b M is kept fixed at the same value 

as estimated for the RC. Abundance estimates are hardly affected (Table 4 and Fig. 13). However, 

the estimated MSY drops appreciably, more so when M is re-estimated, although the precision of 

the estimate drops sharply with the CV increasing from 14% to about 30%. The spawning biomass at 

which MSY is achieved increases from about 1800 to 3100 tons. 

For the distributions of CAL for each age having standard deviations proportional to mean length 

rather than constant (S13), the value of –lnL is unchanged, though biomass estimates increase 

slightly (Table 4 and Fig. 14). 

For the two alternative stock-structure models for which the stock is assumed to be more 

widespread than the fishery considered here (S14a and S14b), abundance estimates are scarcely 

affected (Table 4 and Fig. 15). 
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A retrospective analysis for the RC shows no indications of any marked retrospective pattern (Fig. 

16). 

 

Dynamic production models and DCAC 

Results for the Schaefer and Pella-Tomlinson dynamic production models are compared to those for 

the RC in Table 5 and Fig. 17. The abundance trajectories hardly differ, either within the range of the 

Pella-Tomlinson shape parameter μ considered, or when compared to the RC. What does change for 

different values of μ is the biomass at which MSY is achieved. The estimates for MSY itself are quite 

similar to that for the SCAA RC. 

Anon. (2011a) provided estimates of sustainable yield for this wreckfish resource using the DCAC 

(Depletion-Corrected Average Catch Formula). That paper provides full details of the DCAC 

methodology. The deterministic equivalent of run 1 in Table 2 of that paper gives a sustainable yield 

estimate of 375 thousand lb. Using the natural mortality estimated in the RC (0.0366 instead of 0.05 

in Run 1) results in a sustainable yield estimate of 325 thousand lb, i.e. the lower M suggests a less 

productive stock and reduces the sustainable yield estimate to a level more compatible with the 

MSY estimate for the SCAA RC.  

 

Projections 

Fig. 18 shows projections of the RC for 10 years under five different future catch scenarios:  three 

years at the current quota of 235 thousand lb, followed by seven years at the same or a different 

higher constant catch level. The central constant catch value, 285 thousand lb, is close to the 

estimate of MSY for the SCAA RC. Figs 19a and b extend these RC results to a Bayesian framework. 

Table 6 lists these results, and extends them to include the SCAA sensitivities and the dynamic 

production models, while Fig. 20 shows those results graphically. 

Most projection scenarios reflect an increase in abundance from 2010 to 2020. The few which reflect 

a drop of more than 10% for the highest catch level considered are the RC (at the lower 5%-ile), S2a 

(M=0.025), S4b (1% increase p.a. in catchability), S12a and b (Ricker stock-recruitment curves), and 

S14b (a linear decrease in recruitment in an ocean-wide stock). Declines are, however, not 

necessarily a concern in cases where the resource is indicated to be well above the biomass 

corresponding to MSY (BMSY). In that context only the Ricker scenarios, and the Schaefer and some 

Pella-Tomlinson dynamic production models reflect biomasses in 2020 that are below BMSY , but that 

is more a reflection of the higher values for BMSY/K in those cases. 

 

Conclusions  

The SCAA assessment results are generally rather robust across a wide range of scenarios. MSY for 

the Reference Case is estimated at 279 thousand lb with a CV of 14%. Dynamic Production models 

produce similar estimates for MSY, which is determined essentially by the past catch data and CPUE 

trends.  
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Adoption of the Lytton somatic growth curve removes an earlier conflict between the CPUE and CAL 

data, and leads to a relatively precise estimate of M of 0.037 yr
-1

 with a CV of 11%. For most 

scenarios considered, the resource is above its MSY abundance level, and overfishing is not taking 

place. The primary exception to this is if a Ricker stock-recruitment function is assumed, which leads 

to a higher estimate of the abundance corresponding to MSY. 

Projections to 2020 indicate that for most of the scenarios considered, quotas could be increased 

from the current 235 thousand lb by up to 100 thousand lb at least, without the resource falling 

below its MSY abundance. Again the primary exception to this is if a Ricker stock-recruitment 

function applies. 
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Table 1: Results for the RC. Values fixed on input are bolded. 
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Table 2: Results for the RC and sensitivities. Values fixed on input are bolded. Values in parenthesis are Hessian-based CVs. 
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Table 3: Results for the RC and sensitivities. Values fixed on input are bolded. Values in parenthesis are Hessian-based CVs. 
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Table 4: Results for the RC and sensitivities. Values fixed on input are bolded. Values in parenthesis are Hessian-based CVs. 
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Table 5: Results for the RC and the Schaefer and Pella-Tomlinson production models. Values in parenthesis are Hessian-based CVs. 
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Table 6: Projections results for the RC and the sensitivities under various future constant catches. 

Biomass ratios below 1, and fishing mortality ratios above 1, are shown shaded. Similar results are 

also shown for the dynamic production models, for which F refers to the C/B ratio. 

 
 

* For the projections, recruitment is assumed to continue constant at its lower level at the end of 

the assessment period in 2011. 
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Figure 1: Results for the RC. The fit to the CAL data is shown aggregated over all the data available 

(second row, left column) and the corresponding standardised residuals are shown in the bubble 

plot (third row, left column). 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. 
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Figure 2: Trajectories of spawning biomass and recruitment, as well as the stock-recruitment 

relationship for the RC (h=0.75), two sensitivities with different fixed values for the steepness 

parameter (S1a: h=0.6 and S1b: h=0.9) and a sensitivity in which a prior for h is provided and h is 

estimated (S1c: h=0.758). The replacement lines are shown as dotted line in the plot of the stock-

recruitment relationships. 
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Figure 3: Spawning biomass trajectories showing fits to the CPUE data , together with fits to the CAL 

data (averaged over all the years for which data are available) for the RC and three sensitivities with 

different fixed values of natural mortality (S2a: M=0.025; S2b: M=0.055 and S2c: M=0.065). 
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Figure 4: Spawning biomass trajectories for different specifications for natural mortality-at-age 

showing fits to the CPUE and CAL data (averaged over all the years for which data are available) for 

the RC and four sensitivities with increasing natural mortality for older ages (M increases from the 

RC level by 0.0025 yr
-1

 for S3a, 0.005 yr
-1

 for S3b, and 0.0075 yr
-1

 for S3c; and for S3d, M increases 

from an estimated level by 0.0025 yr
-1

)..
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Figure 5: Spawning biomass trajectories, with fits to the CPUE data for the RC and two sensitivities 

involving CPUE. For CPUE1, the 1991-1998 CPUE data points have been replaced by the Vaughan et 

al. (S4a) (2001) series, renormalized to the average of the RC series over the same period. The new 

CPUE data points are shown as red dots in the left-hand plot. The 1% p.a. increase in catchability run 

corresponds to S4b. 

 

 

 

Figure 6: Spawning biomass and catch trajectories for the RC and the sensitivity in which a different 

catch series is assumed for the 2001-2008 period (S5). 
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Figure 7: Spawning biomass trajectories, selectivity-at-length and fits to the CPUE and CAL data 

(averaged over all the years for which data are available) for the RC and three sensitivities with fixed 

rates of decreasing selectivity (“dome”) at larger lengths (S6a). 
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Figure 8: Spawning biomass trajectories and selectivity-at-length for the RC and a sensitivity with an 

estimated logistic selectivity-at-length function (S6b). 
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Figure 9: Spawning biomass trajectories, selectivity-at-length and fits to the CPUE and CAL data 

(averaged over all the years for which data are available) for the RC and three sensitivities with 

different weighting for the CAL component of -lnL (S8). 
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Figure 10: Spawning biomass trajectories and fits to the CAL data (averaged over all the years for 

which data are available together with bubble plots of residuals) for the RC and the sensitivity using 

a surrogate of the multinomial for the CAL component of -lnL (sqrt(p)) (S9). 
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Figure 11: Spawning biomass trajectories and length-at-age for the RC and the sensitivity using an 

alternative growth curve (S10). 

 

 

 

 

Figure 12: Spawning biomass trajectories in absolute terms and relative to pre-exploitation level for 

the RC and the sensitivity which fixes the starting 1987 spawning biomass at 0.8 of K (S11). 
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Figure 13: Trajectories of spawning biomass and recruitment, as well as the stock-recruitment 

relationship for the RC (Beverton-Holt, h=0.75) and the two sensitivities using a Ricker stock-

recruitment curve with h estimated (S12a: M is estimated, S12b: M is fixed to the RC level). The 

replacement lines are shown as dotted lines in the plot of the stock-recruitment relationships. 
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Figure 14: Trajectories of spawning biomass, length-at-age distribution, and fits to the CAL data for the RC and the sensitivity in which the standard 

deviation of the length-at-age distribution is length dependent (S13). 
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Figure 15: Trajectories of spawning biomass and recruitment for the RC and two alternative stock-

structure (S14a: h=1; S14b: linear decrease in recruitment). 

 

 

Figure 16: Retrospective results for the RC. 
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Figure 17: Trajectories of spawning biomass and fit to the CPUE data for the RC, and for the Schaefer 

and Pella-Tomlinson production models. 

 

 

 

Figure 18: Catch, spawning biomass (relative to BMSY) and fishing mortality (relative to FMSY) 

trajectories under a series of constant catch projections for the RC. 
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Figure 19a: Median and lower and upper 5%iles trajectory projections for the Bayesian RC. The 

dashed curves show the MLEs, and the solid curves reflect the posterior medians, while the shading 

shows the 90% posterior probability envelopes. 
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Figure 19b: Spawning biomass (relative to BMSY) and fishing mortality (relative to FMSY) median and 

lower and upper 5%iles trajectory projections under a series of constant catch projections 

commencing in 2011 for the Bayesian RC. The solid curves reflect the posterior medians, while the 

shading shows the 90% posterior probability envelopes. 
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Figure 20: Projections results for the RC and the sensitivities under various future constant catches (235, 260, 285, 310 and 335 thousand lb from left to 

right respectively). Similar results are also shown for the dynamic production models, for which F refers to the C/B ratio. For the RC, the MLE  and posterior 

median (crosses) with 90% PI as error bars are shown. The runs are shown in the following order: 
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APPENDIX A – Data 

 

Table A1: Annual landings (thousand metric tons) of US south Atlantic wreckfish, 1967-2010 (Anon. 2011b, 

Table 3-2).  Values in parenthesis are those used for sensitivity S5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

*Landings for 2001/2002 through 2008/2009 are confidential because there were fewer than three vessels 

that fished wreckfish and/or fewer than three dealers purchased wreckfish during those years. Anon. (2011a) 

gives the sum of landings for 1989-2010 as 15.220 million pounds, so that the remainder of the catch was 

attributed equally to the years 2001-2008.  

 

 

Table A2: Wreckfish standardized catch-per-unit-effort data (summarized in Figure 1 of Anon. 2011a). Values 

in parenthesis are a renormalisation of the Vaughan et al. (2001)numbers-at-age series which is used for 

sensitivity S4a. 
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Table A3: Wreckfish size frequency data (summarized in Figure 3 of Anon. 2011a). 
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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 model, 

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

, 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 (m=35, taken to be a plus-group). 

 

B.1.2. Recruitment 

The number of recruits (i.e. new 0-year old) at the start of year y is assumed to be related to the 

spawning stock size (i.e. the biomass of mature fish) by either a deterministic Beverton-Holt stock-

recruitment relationship:  

ps
y
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+
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β
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 (B4a) 

or a deterministic Ricker stock recruitment relationship: 

( )sp
y

sp
yy BBR βα −= exp  (B4b) 

where 

α and β are spawning biomass-recruitment relationship parameters,  

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 at the beginning of the year, and  

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

In order to work with estimable parameters that are more meaningful biologically, the stock-

recruitment relationship is re-parameterised in terms of the pre-exploitation equilibrium spawning 

biomass, spK , and the “steepness”, h, of the stock-recruitment relationship, which is the proportion 

of the virgin recruitment that is realized at a spawning biomass level of 20% of the virgin spawning 

biomass. In the fitting procedure applied in this paper, spK is estimated, while h is fixed at 0.75 for 

the RC. 

 

B.1.3. Catches-at-age 

The catches at age in number in year y are given by: 

*
,
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,, yay

M
ayay FSeNC a−=  (B6) 

where 

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

*
yF  is the proportion of a fully selected age class that is fished, and 

ayS ,  is the commercial selectivity (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. 

Selectivity is estimated as a function of length (see section B3.1) and then converted to selectivity-

at-age: 

∑=
l

lalyay ASS ,,,  (B7)
 

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
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where 

aθ  is the standard deviation of length-at-age a, which is taken as a constant in the RC, i.e.: 

*βθ =a  (B9) 

with β∗
 an estimable parameter. 

For sensitivity S13, the standard deviation of length-at-age a is modelled to be proportional to the 

expected length-at-age a, i.e.: 
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with β∗
 an estimable parameter. 

 

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

converting the numbers-at-age into mid-year mass-at-age (using the individual weights of the landed 

fish) and applying natural and fishing mortality for half the year: 

∑
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where 
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,

~
ayw   is the selectivity-weighted mid-year weight-at-age a landed in year y, and 
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with 

lw   being the weight of fish of length l. 

 

B.1.4. Initial conditions 

In general, the first year for which annual catch data are available may not correspond to the first 

year of (appreciable) exploitation, so that one cannot necessarily make the assumption in the 

application of this SCAA model that this initial year reflects a population (and its age-structure) at 

pre-exploitation equilibrium. 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.: 
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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. 

For the RC and all but one sensitivity (S11, 8.0=θ  and 0=φ ) considered here however, the 

population starts in 1987 at its pre-exploitation equilibrium level (K) with an equilibrium age-

structure, where: 
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B.2. The likelihood function 

The model is fit to a CPUE index and commercial catch-at-length data to estimate model parameters. 

Contributions by each of these to the negative of the (penalised) log-likelihood (-lnL) are as follows. 

 

B.2.1 CPUE relative abundance data 

The likelihood is calculated assuming that the observed CPUE abundance is log-normally distributed 

about its expected value:  

( ) ( ) ( )yyyyyy IIII ˆnnorexpˆ ll −== εε  (B18) 

where 

yI   is the CPUE abundance index for year y, 

exˆˆˆ
yy BqI =  is the corresponding model estimate, where 

exˆ
yB  is the model estimate of exploitable 

resource biomass as described in equation B11, 

q̂  is the constant of proportionality (catchability) for the CPUE abundance series, and 

yε  from ( )( )2
,0 yN σ . 

 

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  

comσ   is the standard deviation of the residuals for the logarithm of the CPUE index, which is 

estimated in the fitting procedure by its maximum likelihood value: 
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where n is the number of data points for the CPUE index. 

 

The catchability coefficient q for the CPUE abundance index 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 

CALσ   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 (B22) 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-length, which suggests that the assumption of a constant coefficient of variation is 

appropriate. However, for lengths 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-length are incorporated in the likelihood function using equation (B22), for 

which the summation over length l is taken from age lminus= 30 in (considered as a minus group) to 

lplus=50 in (a plus group). 

The CALW  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. The calculations reported in this 

paper have, however, all been carried out with 1=CALW  except for sensitivity S8.
 
 

For sensitivity S9, equations B22 and B24 are replaced by: 
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B.3. Model parameters 

B.3.1. Fishing selectivity-at-length: 

The commercial fishing selectivity, lS , takes on the following form: 
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with l1 and l2 estimated in the fitting procedure. 

The selectivity is assumed to stay constant over time. 

For sensitivity S6a, the selectivity is modified to include a decrease in selectivity at larger lengths 

("dome"), as follows: 

d
ll eSS −
−= 1                   for l > 40 in (B28) 

where d is a fixed parameter that measures the rate of decrease in selectivity with length for fish 

longer than 40 in., and the subscript notation indicates an increase of 1 in. in the length class 

considered. 

For sensitivity S6b, the selectivity is assumed to follow a logistic curve by: 
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cl  cm is the length-at-50% selectivity, and 

δ  cm
-1

 defines the steepness of the ascending limb of the selectivity curve. 

 

B.3.2. Biological parameters 

Growth curve: 

( )( )otaFL
a ell −−

∞ −= κ1
         (B30) 

where  

FL
al  is the fork length at age a, converted to total length using: 

( ) 4.251221.10451.1 −= FL
a

TL
a ll

 

l∞=101.7 cm, κ=0.132 yr
-1

 and t0=-3.56 yr
-1

  (from Lytton, pers commn). 

For sensitivity S10, the following parameters have been used: 

l∞=102.6 cm, κ=0.1903 yr
-1

 and t0=-1.0 yr
-1

  (from Lytton, pers commn). 

 

Weight-at-age: 

Begin-year: 

( )βα aa lw =strt

          (B31) 

and mid-year: 

( )βα 21
mid

+= aa lw  

where α=1.00x10
-5

 and β=3.0778 (from Lytton, pers. commn), and units in terms of gm and cm.
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Percentage maturity-at-age: 

Maturity-at-length is assumed to take on a logistic form,  

( ) δ501

1
lll e
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with the parameters obtained from fitting to the female percentage maturity-at-length from 

Wyanski and Meister, 2002). It is then converted to maturity-at-age within the model through the 

use of the age-length distribution matrix. 

The fitting leads to the following estimates: 

cml 95.3050 =  

157.1 −= cmδ  

 

Natural mortality M: 

Taken as age-independant and estimated directly in the model fitting procedure if not indicated 

otherwise. 

 

 

B.4. Bayesian extension 

The RC is extended to a Bayesian formulation by first specifying priors for all the estimated 

parameters. All priors are uniform with the intent of being uninformative, except for one of the 

selectivity parameters (l1 - see equation B27) and the carrying capacity K, for which the following 

prior was used to exclude unrealistically high values: 
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where µ=23, p=6 and σ =4 for l1 and µ=8.5, p=4 and σ =1.5 for lnK. 

  

The Bayesian computations were effected by using the MCMC capability of ADMB. A chain of 3 

million was used, with a burn in period of 300 thousand excluded. Convergence of the MCMC was 

checked using three tests - Geweke, Heidelberg and Welch, and Raftery and Lewis. These confirmed 

convergence with the possible exception of one selectivity parameter.  
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Appendix C - The Dynamic Production Models 

 

B.1. The resource dynamics 

The resource dynamics are modelled by the Pella-Tomlinson form of the biomass-production 

function: 
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where 

yB  is the biomass in year y, 

r     is the intrinsic growth rate parameter, 

K    is the unexploited equilibrium biomass, and 

µ   is the shape parameter. 

The Schaefer form of the biomass-production function corresponds to the Pella-Tomlinson form with 

1=µ . 

 

C.2. The likelihood function 

The model is fit to a CPUE index. The likelihood is calculated by assuming that the observed CPUE 

indices are log-normally distributed about their expected values:  

( ) ( ) ( )yyyyyy IIII ˆnnorexpˆ ll −== εε  (C2) 

where 

yI   is the CPUE abundance index for year y, 

yy BqI ˆˆˆ =  is the corresponding model estimate, where yB̂  is the model estimate of resource 

biomass as used in equation C1, 

q̂  is the constant of proportionality (catchability) for the CPUE abundance series, and 

yε  from ( )( )2
,0 yN σ . 

 

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  

comσ   is the standard deviation of the residuals for the logarithm of the CPUE index, which is 

estimated in the fitting procedure by its maximum likelihood value: 
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where n is the number of data points for the CPUE index. 

 

The catchability coefficient q for the CPUE abundance index is estimated by its maximum likelihood 

value: 
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ADDENDUM 

 

Introduction 

During the wreckfish peer review discussions in March 2014, which considered the main text of this 

paper, a number of further calculations were requested. The results of these are reported in this 

Addendum. 

The peer reviewers also requested a list of the model parameters estimated when fitting the RC; this list 

is given in Table Add.1 below. 

Further sensitivities requested 

Table Add.2 gives results for the following sensitivities requested by the peer reviewers. 

S15) Allow for a change in the commercial selectivity between 1999 and 2000. 

S16) Make use of a "mixed" growth curve, this being a combination of the two curves plotted in Figure 

11 of the main text, with the faster growth up to age 4 (red curve) followed by the slower growth 

(black curve – the original curve provided by Lytton) at higher ages. 

S17) Fixing the standard deviation of the length-at-age distributions on input. 

Allowing for a change in the commercial selectivity between 1999 and 2000 improves the negative log-

likelihood by over 6 points (i.e. this refinement is AIC justified) (Table Add.2), but does not result in any 

appreciable difference to results of pertinence to management (Figure Add.1). 

Similarly, using the "mixed" growth curve makes virtually no difference to the results (Table Add.2 and 

Figure Add.2). 

In Figure Add.3, the observed standard deviations of the length-at-age data (Lytton, pers. commn) are 

compared to the estimated values for the RC (constant standard deviations for all ages) and to 

sensitivity S10 in which the standard deviations are assumed proportional to the mean length-at-age. 

Since the observed values are lower than those estimated in the RC and sensitivity S10, the standard 

deviation is fixed in sensitivity S17 to correspond to the average of the observed values (78.3 mm fork 

length). The resultant fit to the CAL data deteriorates substantially (Table Add.2 and Figure Add.4). It is 

not altogether surprising that the model prefers a larger standard deviation in length-at-age than 

indicated by Lytton’s age readings, as a number of additional factors could lead to such an effect. For 

example, the wreckfish birthdates are not all on exactly the start of each year as assumed by the model, 

but are spread over a longer period; the model the effectively adds variance to the length-at-age 

distributions to account for that. 

Negative log likelihood profiles for the RC and sensitivity S8c in which the CAL is downweighted by a 

factor of 0.1 are plotted in Figure Add.5, as requested by the peer reviewers. It is evident that the CPUE 

data play the dominant role in the model’s ability to estimate natural mortality, M. 
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FMSY Projections requested 

Projections of the RC for 10 years under FMSY (after three years assumed to have been at the current 

catch limit of 235 thousand lb) have been run as requested by the peer reviewers. Tables Add.3 and 

Add.4 give MLE and Bayesian results, which are compared to a series of constant catch projections. 

Figures Add.6 and Add.7 plot the projections. 

 

 

Table Add.1: List of the model parameters estimated for the RC. 

Parameter Comments 

K
sp

 Pre-exploitation spawning biomass  

M Age-independent natural mortality 

Selectivity l1 eqn B27 

Selectivity l2 eqn B27 

β∗   sd of length-at-age, eqn B9 
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Table Add.2: Results for the RC and the further sensitivities requested. Values fixed on input are bolded. 

Values in parenthesis are Hessian-based CVs. 
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Table Add.3: Projections results (MLE and Bayesian) for the RC under various future constant catches and constant F projections. Biomass ratios 

below 1, and fishing mortality ratios above 1, are shown shaded. 

 

 

Table Add.4: MLE and Hessian-based CV projections results for the RC under constant F = FMSY (from 2014) after assumed constant 
catches of 235 thousand lb for 2011-2013. Catch units are ‘000 lb. 
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Figure Add.1: Spawning biomass trajectories, selectivities-at-length and fits to the CAL data (averaged 

over all the years for which data are available together with bubble plots of residuals) for the RC and the 

sensitivity which allows for a change in the commercial selectivity between 1999 and 2000 (S15). 
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Figure Add.2: Spawning biomass trajectories, growth curves and fits to the CAL data (averaged over all 

the years for which data are available together with bubble plots of residuals) for the RC and the 

sensitivity with mixed growth curves (S16). 
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Figure Add.3: Observed standard deviations for the length-at-age distribution for observed ageing data 

grouped into 5-year age bins and grouped into age bins of varying widths (Lytton, pers. commn) and 

corresponding estimated values for the RC (constant standard deviation for all ages) and sensitivity S10 

in which the standard deviations are assumed proportional to the mean length-at-age. 
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Figure Add.4: Spawning biomass trajectories, and fits to the CAL data (averaged over all the years for 

which data are available together with bubble plots of residuals) for the RC and the sensitivity fixing the 

standard deviation of the length-at-age distribution to 78.3 mm based on the Lytton ageing data (S17). 
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Figure Add.5: Negative log-likelihood profiles for M for the RC and for sensitivity S8c in which the CAL 

data are downweighted by a multiplicative factor of 0.1. 
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Figure Add.6: MLE catch, spawning biomass (relative to BMSY) and fishing mortality (relative to FMSY) 

trajectories under a series of constant catch and FMSY projections for the deterministic RC. 
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Figure Add.7: Spawning biomass (relative to BMSY), fishing mortality (relative to FMSY) and catches median and lower and upper 5%iles Bayesian 

trajectory projections under constant FMSY projections commencing in 2014 for the Bayesian RC. The solid curves reflect the posterior medians, 

while the shading shows the 90% posterior probability envelopes. 

 

 

 


