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EXECUTIVE SUMMARY 

Francis, R.I.C.C. (2004). Assessment of hoki (Macruronus novaezelandiae) in 2003. 

New Zealand Fisheries Assessment Report 2004/15. 95 p. 

A new assessment is presented for hoki. This was similar to the 2002 assessment in using the same 
program (CASAL), stock hypothesis (two stocks in four fishing grounds), and estimation procedure 
(Bayesian with lognormal errors, including a distinction between observation and process errors). 
Three data types were used: biomass indices (from trawl and acoustic surveys), proportions at age and 
sex (from trawl surveys and the four fisheries), and proportion spawning. Data new to this assessment 
were from two trawl surveys (Chatham Rise and sub-Antarctic) and one acoustic survey (Cook Strait), 
and also otolith-based estimates of catch at age from the two non-spawning fisheries. 

A series of preliminary analyses was carried out to evaluate a new technique (Bayes factors) and 
various modifications to assumptions that might be useful in the 2003 assessment. From these 
analyses it was concluded that: Bayes factors are not likely to be useful in choosing between 
assessment models for hoki; process error for at-age data sets should, strictly speaking, be age- 
dependent, but the much simpler assumption of age-independence is not likely to lead to substantial 
bias; the lack of a correction for the bias associated with ageing error did not substantially affect the 
outcome of the 2002 assessment; for otolith-based at-age data, it seems better to use a maximum age 
of 12 and no plus group, rather than 10 with a plus group, as used in 2002; and the spawning 
migrations should occur later in the annual cycle of the assessment model. 

Initial assessment runs produced unsatisfactory results. Estimates of pE (the proportion of the virgin 
population that was in the eastern stock) and Mavg (the average natural mortality) were higher than in 
2002 and deemed implausible by the Working Group. Also, the best of the biomass indices (the 
Chatham Rise trawl survey), which shows a strong decline in biomass, was poorly fitted. Attempts to 
explain the changes in pE and Mavg were only partially successful. Some factors were clearly not 
responsible. However, it appears that these parameters are not well determined by the data and that 
small changes in any one of many data sets and assumptions can affect these parameters substantially. 
A new, narrower, prior distribution for pE was constructed. The combination of this new prior and an 
upweighting of the trawl survey biomass indices produced more satisfactory fits. 

The Working Group agreed on three final model runs which used the new prior on pE and differed 
only in the amount of weight that was placed on the trawl and acoustic biomass indices. All three 
runs show that the westem stock is at its lowest point ever (25 to 35 %Bo), is currently more depleted 
than the eastern stock and is likely to have had below average recruitment in the last seven years. 
Continued fishing at current catch levels is likely to deplete this stock further. The eastern stock is 
estimated to near 50 %Bo, or greater, and unlikely to be depleted by continued fishing at current catch 
levels. However, the size and status of this stock are less well determined than those for the western 
stock 

Four sets of post-assessment analyses are presented which may be useful in designing the next 
assessment. An alternative way of using the data from the Chatham Rise trawl surveys did not seem 
to be an improvement but it did highlight a problem associated with a trend in hoki growth rates. Two 
modifications that produced markedly different biomass trajectories, and that are worthy of 
consideration in the next assessment, are estimating all yearclass strengths in full Bayesian runs 
(rather than holding the early ones fixed) and allowing natural mortality to be agedependent. 
Differences in the weights associated with the various at-age data sets are more important than the 
overall weight assigned to this type of data. 



1. INTRODUCTION 

Hoki (Macruronus novaezelandiae) is the most abundant commercial fish species in New Zealand 
waters; and has been our largest fishery since the mid 1980s. It is widely disthbuted throughout New 
Zealand's Exclusive Economic Zone in depths of 50-800 m, but most commercial fishing is at depths 
of 2 U 0 0  m. There are four main fishehes: two on spawning grounds (west coast south 1slaridand 
Cook Strait), and two on feeding grounds (Chatham Rise and Sub-Antarctic) (Figure 1). Since the 
introduction of the QMS, hoki has been managed as a single fishstock, HOK 1 (ignoring HOK 10, 
which is purely administrative). The TACC was originally set to 250 000 t (for 1986-87). dropped to 
about 200 000 t in the early 1990s. and then rose again to 250 000 t in the late 1990s (Annala et al. 
2002). As a result of the 2001 assessment, the TACC for 2001-02 was dropped to 200 000 t, with the 
intention that this be "the first stage in a phased management response linked to new stock assessment 
information" (Minister's letter to stakeholders, 24-9-01, http://www.fish.govt.nz/sustainability/ 
decisiond2001-02-3.htm). 

>_-._--- 

: Sub-Antarctic 

Figure 1: Southern New Zealand, showing the main hoki fihing grounds, the 1000 m contour (broken 
line), and the position of all 2001-02 tows from TCEPRs (Trawl Catch and Effort Pr-ing Returns) in 
which at least 10 t of hoki was caught (dots). To protect commercially sensitive information some tows 
are not plotted. 



Within HOK 1 two stocks are recognised - eastern and western - and these have been assessed 
separately since 1989. Originally, the two stocks were assessed in parallel models. More recently 
(since 1998 in NIWA assessments, and 2001 in industry-sponsored assessments) the stocks have been 
assessed simultaneously, using two-stock models. The complicated interactions inherent in a two- 
stock model, together with the large array of data sets that are available for HOK 1 - the 2001 
NIWA assessment used more than 1000 individual observations spread over 22 data sets (Cordue 
2001) - make this one of the most complex of all New Zealand assessments. For most years in the 
1990s there were two separate assessments - one funded by the Ministry of Fisheries (MFish) and one 
by industry - using different models and often reaching different conclusions. 

This report documents the 2003 assessment of HOK 1, which is the second hoki assessment to use 
NIWA's general-purpose stock-assessment model CASAL (Bull et al. 2002). Since the last 
assessment (Francis et al. 2003a) there have been three new surveys: an acoustic survey in Cook Strait 
in winter 2002 (O'Driscoll 2003). and trawl surveys in the Sub-Antarctic in November-December 
2002 (O'Driscoll & Bagley 2003). and on Chatham Rise in January 2002 (Livingston 2003). 

The work reported here addresses objective 1 of W i s h  project HOK2002/01: To update the stock 
assessment of hoki in the year 2002, including estimates of biomass, risk and yields. 

2. PRELIMINARY ANALYSES 

The analyses in this section address issues that arose during the 2002 hoki assessment, and which it 
was not possible to consider at the time. They use the same data and model assumptions that were 
used in that assessment. The intention was that the results of this work should provide information 
useful in designing the 2003 assessment. 

All model mns in this section are based on one or other of the five main mns in the 2002 assessment. 
Tables 1 and 2 provide reminders of the differences between these runs (in terms of their 
assumptions) and also of the abbreviations used. Further information is given by Francis et al. 
(2003a). 

Table 1: Differences between the assumptions for the five main model runs in the 2002 assessment In 
the ogive constraints, O,sa refers to the ogive value at age 7 for female fish from the E stock, etc. 

A: Observations 
Run label Survey at-age data 
nums-at2 numbers at age 
6.1.6.2.6.3. propns-at2 proportions at age 

B: Ogive assumptions 

Ogive Run label Ogive description Ogive constraints 
Spawning migration 

propns-at2, nums-at2 Free, ages 1-5 (M) or 1-7 (F) O,F.E = G1.~ = 0.67 
6.1,6.2, 6.3 Free, ages 1-8 OS,M.E = OP,.M.W. OS.F,E = OS.F.W 2 0.6 

Non-spawning selectivity 
propns-at2, nums-at2 Length-based, double-normal same for M and F 
6.1,6.2,6.3 Length-based, double-normal same for M and F, must be domed' 

Survey selectivity 
propns-at2, nums-at2 Age-based, double-normal same for M and F & for SA and CR 
6.1 Length-based, double-normal same for M and F & for SA and CR 
6.2 Length-based, double-normal same for M and F, must be domed' 
6.3 Age-based, double-normal same for M and F 

I See Francis et al. (2003a) for details 



Table 2: Abbreviations used in the 2002 stock assessment (and in this section). 

Quantity Abbreviation Meaning 
Stock E east stock 

W west stock 
Area CS Cook Strait 

WC west coast South Island 
CR Chatham Rise 
S A sub-Antarctic 

Data set AA-acous acoustic biomass indices in area AA 
AA-seas-hio trawl survey biomass indices in area AA in season seas' 
AA-seas-propn trawl survey proportions at age in area AA in season seas' 
AA-seas-num trawl survey numbers at age in area AA in season seas' 
AA-catage proportions at age from fishery in area AA 

I seas is either sum, for summer, or aut for autumn 

2.1 Bayes factors 

A common stock assessment problem is to decide which is the best of several model runs. With 
maximum-likelihood estimation a common approach is to use the Akaike Information Criterion, 
which chooses the model with the smaller objective function, after adjusting for the number of 
parameters estimated (Akaike 1974). In Bayesian estimation, the standard approach uses Bayes 
factors, which may be thought of as odds ratios for a pair of model runs (Berger 1980, Kass & Raftery 
1995). Unfortunately, we cannot, for complex models, calculate Bayes factors exactly, and the 
question of what is the most appropriate approximate method is an area of current research. In this 
section I briefly describe the results of attempts to calculate some Bayes factors associated with some 
model runs (6.1.6.2, and 6.3) from the 2002 assessment. 

A Bayes factor for two model runs is the ratio of the integrals of the un-scaled posterior distributions 
for the two runs. Thus to calculate a Bayes factor we must calculate two integrals. Let us denote the 

integral for a single model run by C, so that C = [L(o( y ) z ( 8 ) d 8 ,  where 0 is the parameter 

vector, K is its prior distribution, y is the data vector, and L is the likelihood function (the objective 

function commonly referred to in assessments is - l o g [ ~ ( 8  1 y ) z ( ~ ) ] ) .  This integral must be 

calculated from the posterior sample, i.e., from the MCMC (Markov Chain Monte Carlo) output. 

It is not straightforward to estimate C. I considered six alternative estimators which were modified 
from estimators described by DiCiccio et al. (1997). These estimators all require a parameter vector 

8, which is, in some sense, the centre of the posterior distribution, and a covariance matrix, x. 
DiCiccio et al. (1997) took 6 to be at the posterior mode and to be minus the inverse of the 

Hessian of the log-posterior, evaluated at 6. These are not sensible choices for us because the mode 
of our posteriors is typically not central, and the Hessian does not describe well the shape of the 

posterior. Instead, I calculated both 6 and 5 from the posterior sample, with the former being the 
median, and the latter the covariance matrix. The fust of the six estimators is called the Laplace 
approximation, denoted CL. and involves approximating the posterior with a multivariate normal 

distribution with mean at 6 and covariance equal to 2. The Bartlen estimator, C g .  is an adjustment 
to the Laplace estimator designed to improve first-order approximations. CR uses what is called 
reciprocal importance sampling, and also involves the nonnal distribution used in the Laplace * .  
approximation. The other three estimators, CL , CB , and cR: are what are called "volume-corrected 
versions of the first three. For any given number a between 0 and 1, we can define a hyper-elliptical 

A 

volume, B, in parameter space, which is centred on 8 and of a size such that the expected fraction of 
the posterior sample that lies within the volume is equal to a All the volume-corrected estimators 
correct for the fact that the actual proportion of the posterior sample within B, differs from a Thus, 



for these estimators there are different versions, depending on what value of a is used. I used a = 
0.05, as recommended by DiCiccio et al. (1997). 

Before calculating these estimators I transformed the parameter space and dropped some parameters. 
The transformation involved only the recruitment parameters. In the 2002 assessment, these 
parameters, Y,, were related to the corresponding year-class strengths, YCS,, by the equation 

where R indexes the set of what are called "free" years (more information about this parameterisation 
is given by Bull et al. 2002). Because it is the YCS, that we are interested in, rather than the Y,, I 
transformed from the Y, to the YCS,. Then, because with n YCSs we have only n-1 degrees of 
freedom, I dropped the first YCS for each stock. I also dropped some parameters with variance zero 
(these are irrelevant and are only included in the parameter vector for technical reasons). 

After calculating the integral I multiplied it by some factors which are part of the posterior but were 
ignored by CASAL because they are constants. These factors were of two types. First, there was a 

factor of ( B ) ~ '  in the likelihood for each observation (there were 1072 observations for each model 

run, all of which were assumed to be lognormal) and also in the prior distributions, when these were 
normal or lognormal (there were 45 such priors in each run). Second, there was a factor of l/(b-a) for 
each uniform prior with range (a,b). The resulting factors were approximately elm for run 6.1, elW3 
for run 6.2, and e992 for run 6.3. 

I calculated 48 estimated integrals (Figure 2). The estimates for each run varied widely, typically 
covering a range of about 17 in log space. Thus the uncertainty in the integral of the posterior 
involves a factor of 24 x lo6 (= e"). Bayes factors based on these integrals are typically very large 
and vary over several orders of magnitude (Figure 3). 

These results are problematic. Taken at face value they suggest we should strongly reject runs 6.1 and 
6.2 in favour of 6.3. But this does not seem to be a good thing to do when we consider the 
assumptions underlying these model runs. These differ only in the way that survey selectivities are 
specified (Table 1). The assumptions for run 6.2 were designed to reflect the beliefs of the Working 
Group, whereas those for run 6.3 contradict some aspects of those beliefs. The problem is, then, that 
in calculating the Bayes factors we have been able to incorporate prior beliefs about parameter values, 
but not those about model structure. We have no prior on model structure. Further, the very high 
Bayes factors imply an extreme degree of certainty about model choice which does not seem 
justifiable. 
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Figure 2: Estimates of the logarithm of the integral of the (unsealed) posterior distribution for model 
runs 6.1,6.2, and 6.3. There are six estimates for each MCMC chain for a model run (with two chains for 
run 6.1 and three each for runs 6.2 and 6.3). 'L' = CL, 'B' = CB, 'R' = CR; grey plotting symbols for 
volume-corrected estimates, CL', c;, and C;. 

1 0e5 IOelO 10e15 10e20 
Bayes factor 

Figure 3: Estimated Bayes factors for comparisons of runs 6.3 vs 6.2 (top), 6.3 vs 6.1 (middle), and 6.1 vs 
6.2 (bottom). Each Bayes factors used just one estimator, which is identified by the plotting symbol (using 
the same symbols as in Fig. 1). Each row of estimates corresponds to the comparison of one MCMC 
chain from one run with one chain from the other run. 



2.2 Process error for at-age data 

In the 2002 assessment it was assumed that process error for at-age data was independent of age, year, 
and expected values. In this section I examine residuals from the assessment to see whether this 
assumption was justified. I find evidence that process error decreases with increasing age, but show 
that the MPD (mode of the posterior distribution) fit for run 6.2 is not changed much when this trend 
is allowed for. 

First, I considered how process error varies with age. In Figure 4 I have plotted so against a, for each 
combination of at-age data set and model run, where s, is the s.d. of the norrnalised residuals at age a. 
If s. is greater (or less) than 1 this suggests that the assumed process error for that age was too small 
(or too large). For each panel in Figure 4 I used a randomisation test (Edgington 1980), with test 
statistic T = max,[s.] - min,[s,], to see whether s, varies more than could be expected by chance 
alone. The result was significant in 20 of the 35 tests (first column, Table 3). Thus, there seems to be 
evidence that process error varies with age. An examination of Figure 4 shows that there is a 
tendency for so to decrease with increasing age, except perhaps in the non-otolith based data sets 
(CR-catage and SA-catage). This implies that process error should decrease with increasing age. 

Table 3: Number of significant results from randomisation tests of the null hypothesis that process error 
does not vary with a selected factor. For each factor (age, year, or  expected value) and each data set, five 
tests were carried out - one for each model run. The significance level for all tests was 0.05. 

Data set 
CR-sum 
SA-sum 
SA-aut 

Factor 
Year Expected value 

5 1 
0 0 
0 0 
0 0 
2 0 
0 0 

I used similar approaches to investigate how process error varies with year and expected value. [For 
the latter case the nonnalised residuals for each data set were sorted by expected value and binned. 
Specifically, the ith bin corresponded to 2nag,(i-I) c j 5 2n,i, where j indexes the data after sorting 
by increasing expected value.] Here, there were many fewer significant results: seven for year, and 
only one for expected value (second and third columns of Table 3). Because of this, and the fact that 
plots analogous to Figure 4 (not shown here, but see Francis 2003c) showed no clear trends, I 
concluded that these factors are less important than age and so considered them no further. 

I next investigated the effect on one model run (run 6.2) of making the process error agedependent. 
For simplicity, I assumed that c,, the process-error C.V. at age a, was a linear function of age. I 
allowed this function to vary from data set to data set, but insisted that the ratio r = cl/clo be the same 
for all data sets. With these assumptions we can write 

so our linear function has parameters cq (the process-error C.V. at age 4) and r. We can mimic run 6.2 
by setting r = 1, and c4 = 0.3 for CS-catage and 0.4 for all other at-age data sets. I experimented with 
different values of r and c4 to find the "optimal" values. First, I increased r until the trend shown in 
Figure 4 was removed. This was achieved with r = 3.4. Then, I adjusted the values of c4 (using only 
multiples of 0.05) so that the s.d. of the nonnalised residual for each data set was as close as possible 
to 1. The resulting model run is labelled 6.2.opt. I also created a model run 6.2.adj by fixing r = 1 



and fine-tuning the c, values (in the assessment these values were a compromise between what was 
appropriate for all runs). The final parameter values for all three runs are shown in Table 4. 

propns-at2 nums-at2 6.1 6.2 6.3 

iF1 ;:r1 iF] 
1.0 1 .o 

.x.& - x  XlX 
,. 1.0 

X l .  llx' .X ..rX 
0.5 05 0.5 05 0.5 

00 0.0 DO 00 OD 
2 4 6 8 1 0  2 4 6 8 1 0  2 4 6 6 1 0  2 4 6 6 1 0  2 & 6 6 1 0  

Age 
Figure 4: Plots of the s.d. of the normalised residuals by age for each combination of data set (rows) and 
model run (columns). 



Table 4: Values of cr (process-error C.V. at age 4) and the s.d. of normalised residuals, by data set, for 
three model runs: 6.2,6.2.adj, and 6.2.opt 

Data set 
CR-sum-prop0 
SA-sum-propn 
SA-aut-propn 
CS-catage 
WC-catage 
CR-catage 
SA-catage 

Value of c* S.d. of nomalised residuals 
6.2 6.2.adj 6.2.opt 6.2 6.2.adj 6.2.opt 

0.40 0.50 0.50 1.16 1.04 1 .07 
0.40 0.40 0.50 1 .05 1.04 1.04 
0.40 0.45 0.45 1.07 0.99 1.01 
0.30 0.30 0.30 0.98 0.95 1 .I4 
0.40 0.40 0.55 1.05 1.03 1.03 
0.40 0.40 0.40 1 .M) 1.01 1.02 
0.40 0.50 0.55 1.14 1.05 1.03 

The strong age dependence of process error in run 6.2.opt (Figure 5A) removes the trend in s. (Figure 
5B). However, the estimated biomass trajectories for the three runs are not substantially different 
(Figure 6). I conclude that, although there is clear evidence that process error should be age- 
dependent there is no pressing need to make it so. 

2 run 6.2 
1.4 A run 6.2.adi 

Figure 5: A, the dependence of process-error c.v.s on age in run 6.2.opt; B, plots of the s.d. of normalised 
residuals by age, for all data sets combined, for three model runs: 6.2,6.2.adj, and 6.2.opt. 
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Figure 6: Estimated trajectories of spawning stock biomass (SSB) for three model runs: 6.2,6.2.adj, and 
6.2.opt 



2.3 Ageing error 

Ageing error has two effects in assessments using at-age data: it increases the observation error of at- 
age data, and biases estimates of YCSs (year-class strengths). In the 2002 assessment only the former 
effect was accounted for. Model run 6.2.err shows the effect of accounting for both effects. This uses 
the same parameter files as for run 6.2, with the addition of the following lines to the input file 
estimation.cs1. 

@ageing_error 
type misclassification-matrix 
1 0.98 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2 0.03 0.94 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
3 0.00 0.05 0.90 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
4 0.000.000.06 0.88 0.060.000.000.000.000.000.000.000.00 
5 0.000.000.000.07 0.860.070.000.000.000.000.000.000.00 

where the misclassification matrix is based on the ageing error model of Francis (2003a). 

As was expected, the effect of making this change was to increase estimates of large YCSs and 
decrease small YCSs (Figure 7, middle panels). In percentage terms, this change is greater for the 
small YCSs (Figure 7, right-hand panels). The changes in YCSs do not have a substantial effect on 
the estimated SSB trajectories (Figure 7, left-hand panels). 

run 6.2 
run 6.2.err I 

W YCS 

2.51 

0.5 1.0 1.5 2.0 2.5 
Run 6.2 YCSs 

Run 6.2 YCSs 

Figure 7: Comparison of ~ n s  6.2 and 6.2.err (the latter more fully allows for ageing error): SSBs Oeft 
panels), YCSs (middle panels), and percentage change in YCSs (right panels). 
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2.4 Shifting the plus group for otolith data from age 13 to age 10 

In the 2002 assessment otolith-based at-age data (from surveys and spawning fishery catches) initially 
entered the model with a plus group at age 13, the same as in the model partition. Assessment results 
were unbelievable, but were found to be much improved when the data plus group was reduced to age 
10 (without changing the partition). In this section I explore the reasons why this change had such a 
great effect. 

Table 5 illustrates the problem. With a plus group at age 10 results appear sensible (in that BOE < BOW 
and M is moderate) and relatively unaffected by the number of YCSs that are estimated; with a plus 
group at 13 the results are unbelievable (much greater BoE and M) and vary strongly with the number 
of estimated YCSs. (The terms "sensible" and "unbelievable", which are subjective and thus open to 
dispute, are used here to reflect the consensus of the Working Group, which influenced assessment 
decisions.) 

Table 5: MPD estimates from eight model runs illustrating the plus-group problem. All model runs are 
based on run 6.2 in the assessment and differ only in the age of the plus group for the otolith data and the 
number of year-class strengths (YCSs) that were estimated. 

Plus -- B a  A ~ ~ d  M 
Run group age YCSs estimated E W E W male female 
m10.20 (= run6.2) 10 20 (198C-99) 329 763 49 39 0.35 0.26 
m10.19 10 19 (1981-99) 342 774 49 41 0.35 0.26 
mlO.18 10 18(1982-99) 351 795 49 44 0.35 0.26 
rnlO.17 10 17 (1983-99) 359 807 46 47 0.36 0.27 

We will focus on three of these runs: rn10.20, 11113.20, and m13.23. Between the first two runs only 
the plus group is changed; between the last two the only change is in the number of YCSs. An 
examination of objective function components at the MPDs for these runs (Table 6) shows that: the 
non-otolith data prefer 17110.20, but not strongly (only by 3 points over the unbelievable m13.23); the 
10+ otolith data prefer 11113.23, but not strongly (only by 7 points over m10.20); and the 13+ otolith 
data strongly prefer 11113.23 (by 76 points over m10.20). and this preference is driven by the spawning 
catch at age data (CS-catage and WC-catage). For these data, it turns out that the improvement in fit 
between m10.20 and 1-1113.23 is almost all caused by an improvement of the fit of the plus group. 
Residual plots (Figure 8) show that, at the MPD for rn10.20, there are too few 13+ fish in these data 
sets, though the numbers at ages 11 and 12 are consistent with the model. The fit to the 13+ fish is 
better for 11113.20, and better again for 11113.23 (Figure 8, left panels). A similar, but much smaller, 
change is seen for the plus group with the survey data (Figure 8, right panels). 

If we look more closely at this plus group we can see that, for CS-catage and WC-catage, the 
improvement of the fit between m10.20 and m13.23 is greatest in the early years, say 1988 to 1992 
(Figure 9). For the later years, the observed size of the plus group is still consistently too small, even 
in m13.23. The great improvement in the early years for m13.23 is caused in part by strong YCSs in 
the late 1970s, particularly for the E stock (Figure 10). If we look at the original data (with no plus 
group) there seems to be support for these strong YCSs (Figure l l ) ,  although plots like those in 
Figure 11 are difficult to interpret because the apparent strength of any year class is affected by the 
strength of other year classes and historical changes in fishing mortality. 



Table 6: Components of the objective function (negative log likelihood and priors, and penalties) 
evaluated, by data set, at the MPDs of three model runs. For each data set, the lower the objective 
function value the better the lit (Some of the values below come from the model runs; others were 
obtained by switching data sets - e.g., for m10.20 substituting the 13+ data for the 10+ data - and re- 
evaluating the objective function at the MPD). 

Component type Data set m10.20 

Noo-otolith data 
CS-acous -3 
WC-acous -2 
CR-sum-bio -12 
SA-sum-bio -4 
SA-aut-bio 4 
CR-catage -9 
SA-catage 4 
proportions-spawning -12 
priors on YCSs -63 
other priors etc -5 
total -109 

10+ otolith data 

13+ otolith data 

CR-sum-propn -27 
SA-sum-propn -22 
SA-aut-propn -14 
CS-catage -116 
WC-catage -71 
total -249 

CR-sum-propn -5 
SA-sum-propn -15 
SA-aut-propn -7 
CS-catage -102 
WC-catage -53 
total -183 
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Figure 9: Observed ('0') and expected ('E') percentage at age 1% (both sexes combined) for the three 
largest data sets (CS-catage, WC-catage, and CS-sum-propn) at the MPDs for three rnns (rnlO.U), 
rn13.20, and rn13.23). 



Year 
Figure 10: Estimated year-class strengths (YCSs) for the E and W stocks from runs rn10.20,rn13.20, 
and rn13.23. 

We saw above (Table 5) that the main changes between m10.20 and m13.23 were big increases in BOE 
and M. One way to see why these changes occurred is to take the parameter values at the MPD for 
m13.23, change them selectively, and see the effect this has on the objective function. Reducing BOE 
(while fixing BOW) has a large effect on CR-sum-propn but very little effect on the other components 
(Table 7, column 80~=0.38~,,3. Thus, it seems clear that BOE is SO large in m13.23 solely (or at least 
primarily) to get a better fit to CR-sum-propn when the plus group is at 13. The other change was to 
reducing the average M to 0.3, which has little effect on the non-otolith data, but strongly affects the 
otolith data (Table 7, column Mavg=0.3). It's easy to understand why M is so large in m13.23: the 
larger M is, the smaller the expected proportion in the plus group will be. However, it's of interest to 
note that this change in M has little impact on the non-otolith data. 

Table 7: Changes in objective function components for m13.23 caused by changes to selected parameter 
values to make them like those for rn10.20: A, so that Bow is unchanged but B O ~  is reduced from 0.57B- 
to 0.3B- (as it is in rn10.20); and B, so that the average M is 0.3 (as it is in rnlO.20). Components for 
which the change in objective function was minimal (zero when rounded to the nearest integer) in both 
cases are omitted from the table. 

Component Bo~=0.3Bbd 
WC-acous 0 
CR-sum-bio -1 
SA-sum-bio -0 
CR-sum-propn 170 
SA-sum-propn 1 
SA-aut-propn 0 
CS-catage 6 
CR-catage 4 
SA-catage 0 
WC-catage - 1 
prior-on-naturaCmortality.avg 0 
prior-on-q-CS-acous 1 
prior-on-q-CR-sum -2 
total 178 



All of this section so far has been based on run 6.2, so it's of interest to ask whether the above results 
are likely to generalise, at least approximately, to other runs. This seems likely. When runs 6.1 and 
6.3 were modified by increasing the plus group of the otolith data to 13 and estimating three more 
YCSs (i.e., creating N n S  analogous to m13.23) the behaviour was similar to that with run 6.2 -high 
M and BOE - although the increase in BOE was not as great (see first six rows of Table 8). 

We may also ask whether we should be concerned that there seems to be evidence of strong year 
classes in the late 1970s (Figure 11) but we did not use this information in the 2002 assessment 
(because the earliest estimated YCSs were for 1980, and all earlier YCSs were assumed to be 
average). One way to have allowed for this would be to let the "initial" YCSs (for years 1970 to 
1980) differ from the average. That is, to have allowed Ridt to differ from Ro. When this was tried, 
for runs 6.1 to 6.3, it always produced estimates of R,, that were greater than Ro, but it made very 
little difference to the objective function (decreasing it by 2.6,3.1, and 0.5, respectively). 

What we have learnt from the above analyses is that we probably went too far in reducing the plus 
group to age 10. In the original model runs the problem lay in the lack of fish of age 13 and over, but 
there did not seem to be anything wrong with the numbers at ages 11 and 12. Therefore, one 
possibility for the 2003 assessment would be to use a maximum age of 12, have no plus group, and 
estimate 23 YCSs. The MPD estimates in the lower half of Table 8 show that these assumptions 
produce plausible results (we do not get high estimates of M or BOE) and do not suffer from instability 
if the number of YCSs estimated is progressively reduced. There is also less variation amongst results 
from the three runs (6.1, 6.2, 6.3) - particularly for W biomass estimates - than there was for the 
runs used in the 2002 assessment (first three rows of Table 8). 

A disadvantage of dropping the plus group is that it involves discarding data, which is undesirable. 
The problem is that we don't know why there are apparently too few old fish in our data sets. If we 
knew why, we could adjust the model accordingly. If we leave the plus group in without such an 
adjustment there is a danger of the tail wagging the dog. 

Table 8: MPD estimates from model runs illustrating the effects of changing the maximum age, the 
existence of a plus group for the at-age data, and the number of year-class strengths (YCSs) that were 
estimated. 

Maximum Plus YCSs - B a  EBB, @&J M 
Base run age group estimated E W E W male female 
6.1 10 Y 20 302 679 50 34 0.35 0.26 
6.2 10 Y 20 329 763 49 39 0.35 0.26 
6.3 10 Y 20 308 1016 41 62 0.38 0.29 
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2.5 Changes to the annual cycle 

The annual cycle used in the assessment (Table 9) was the same in all model runs. In this section I 
evaluate the sensitivity of the assessment to each of a series of changes in this annual cycle. The 
changes were made in turn to runs 6.1,6.2,6.3 and the results are shown in Table 10. 

Table 9: Annual cycle of the assessment model, showing the processes taking place at each time step, 
their sequence within each time step, and the available observations (excluding catch-at-age). M fraction 
is the proportion of natural mortality which occurs within the time step. An age fraction of, say, 0.25 for 
a time step means that a 2+ fuh is treated as being of age 2.25 in that time step. The last colunm ("propn. 
mort") shows the proportion of that time step's mortality that is assumed to have taken place when each 
observation is made. 

Approx. 
Step months Processes 

Age Observations 
M fraction fraction label propn. mort. 

1 Oct-Nov return migrations WC->SA and CS->CR 0.17 0.25 - 

2 Dec-Mar recruitment at age I+ to CR (for both stocks) 0.33 0.60 SA-sum 0.5 
partl, non-spawning fisheries CR-sum 0.6 

3 Apr-Jun home migration CR->SA 0.25 0.90 SA-aut 0.1' 
spawning migrations SA->WC and CR->CS propn-spawn 0.1 
part2, non-spawning fisheries 

4 Jul-Sep increment ages 0.25 0.0. CS-acous 0.5 
spawning fisheries (WC, CS) WC-acous 0.5 

' In the assessment, this value was accidentally set to 0.3. 

The first change (runs labelled rn6.x.cor) was to correct a slight error found in the assessment input 
files (see footnote to Table 9). Luckily, this made very little difference to the runs, improving the 
objective function by only 0.1 or less (Table 10). This correction was applied to all the other model 
runs in this section. 

The next two changes altered the boundary between time steps 2 and 3, shifting it forwards and 
backwards by one month. For runs m6.x.feb these time steps were changed to be Dec-Feb and Mar- 
Jun; for runs m6.x.apr they were Dec-Apr and May-Jun. The main change to model inputs was in 
the way in which the non-spawning catch in each area was allocated to the two part fisheries (Enspl 
and Ensp2, for CR; Wnspl and Wnsp2, for SA). Slight changes were also made to the "M fractions" 
for these time steps (to make them proportional to the number of months in each time step) and the 
"propn. mort." for the survey data (so that these are consistent with the survey timings). The model fit 
was slightly worse for all the m6.x.feb runs. For the rn6.x.apr runs the results were mixed - an 
improvement for 6.1 and 6.2, but little change for 6.3. 

The next two changes affected the timing of the two spawning migrations. For runs rn6.x.spmigr4 
these migrations were moved to time step 4. This means we are assuming that all the non-spawning 
fisheries took place before these migrations, as did the SA-aut surveys. Runs rn6.x.splmigr are 
intermediate between the original runs and rn6.x.spmig4 in that they split both spawning migrations 
into two waves - the first in step 3, and the second in step 4 - with CASAL estimating the 
proportion, p,,, which occur in the first step. Both these changes made clear improvements in the 
model fits, hut the improvement from moving the migrations to step 4 was only marginally less than 
that from splitting them (which required the estimation of two more parameters). Thus the 
rn6.x.spmig4 runs seem preferable to the m6.x.splmigr runs. For the record, the estimates of p,., in 
the latter runs were 0.49.0.37, and 0.41 respectively for the E migration, and 0.13.0.1 1, and 0.01 for 
the W migration. 

The next change concerned the non-spawning fishery in SA. After April, much of this fishery is 
targeted at migrating fish. Therefore, it might be sensible to think of these catches as coming from the 



spawning fishery. In the runs m6.x.noWnsp2, all of the SA catch between April and September was 
assigned to the Wsp fishery and the second part of the non-spawning fishery (Wnsp2) was omitted. 
This change produced a small improvement in fit for all three runs. However, when this change was 
combined with the switch of the spawning migrations to step 4 (runs m6.x.both) the result was not 
clearly better than the m6.x.spmig4 runs (it was slightly worse for 6.1 and 6.3, and slightly better for 
6.2). 

Two further modifications to the rn6.x.spmig4 runs were considered. Neither produced a clear 
improvement in fit (and neither is documented in Table 10). In the first, the E spawning migration 
was shifted back to step 3. This slightly improved the fit for 6.1, but slightly degraded it for 6.2 and 
6.3. Thus most of the improvement in fits with the m6.x.spmig4 runs must be due to the shift in the 
W spawning migration alone. The second change was to split the home migration between steps 2 
and 3. This slightly improved the fit for 6.1 and 6.2, but slightly degraded it for 6.3. 

None of the changes considered produced a substantial change in the assessments (as indicated by the 
B,,, estimates). However, I conclude that, for the 2003 assessment, it would be worthwhile to 
modify the annual cycle of Table 9 by shifting the W spawning migration to time step 4. 

Table 10: The effects, on runs 6.1,6.2, and 6.3, of making various changes to the model annual cycle. 

Run 
rn6.1 
m6.1 .cor 
rn6. l .feb 
m6. Lapr 
m6.l.spmig4 
m6. l .splmigr 
m6. l .noWnsp2 
m6.l.both 

Improvement in 
Change from Parameters objective 
base run estimated function 
- 99 0.0 
correct propn. mort 99 0.0 
step2=Dec-Feb 99 -1.0 
step2=Dec-Apr 99 9.9 
sp. migrs. step4 99 23.1 
split sp. migrs. 101 23.9 
Wnsp2 catch->Wsp 99 5.3 
spmig4 & noWnsp2 99 22.7 

- 
correct propn. mort 
stepZ=Dec-Feb 
stepZ=Dec-Apr 
sp. migrs. step4 
split sp. migrs. 
Wnsp2 catch->Wsp 
spmig4 & noWnsp2 

- 
correct propn. mort 
step2=Dec-Feb 
step2=Dec-Apr 
sp. migrs. step4 
split sp. migrs. 
Wnsp2 catch->Wsp 
spmig4 & noWnsp2 

M 
male female 
0.35 0.26 
0.35 0.26 
0.35 0.26 
0.34 0.26 
0.34 0.26 
0.35 0.26 
0.35 0.27 
0.34 0.26 

0.35 0.26 
0.34 0.26 
0.35 0.26 
0.34 0.25 
0.34 0.25 
0.34 0.25 
0.35 0.26 
0.34 0.25 

0.38 0.29 
0.38 0.29 
0.37 0.29 
0.39 0.30 
0.37 0.28 
0.37 0.29 
0.38 0.29 
0.35 0.26 



3. MODEL ASSUMPTIONS AND INPUTS FOR 2003 

This section provides a fairly detailed summary of all model assumptions and inputs for the 2003 
assessment. A complete description is contained in the model input files (given in full, for the final 
runs only, in Appendix I), in conjunction with the CASAL manual (Bull et al. 2002) 

The model uses Bayesian estimation. In describing the model assumptions I will sometimes need to 
distinguish between different types of model runs: MPD versus MCMC, or initial versus final. MPD 
runs are so called because they estimate the Mode of the posterior Distribution, which means they 
provide a point estimate, whereas MCMC (or full Bayesian) runs provide a sample from the posterior 
distribution using a Markov Chain Monte -10 technique (this sample is sometimes referred to as a 
chain). MCMC runs are more informative, but much more time consuming to produce. For this 
reason only MPD runs were used for most of the initial exploratory analyses (Section 4). These runs 
were used to define the assumptions for the final model runs (Section 5), which were full Bayesian, 
and whose results provide the formal stock assessment. 

The model is based on the fishing year, which is labelled by its second part, so 1990 refers to the 
1989-90 fishing year. This convention is applied throughout, so that, for instance, the most recent 
sub-Antarctic survey, carried out in November-December 2002, is referred to as the 2003 survey. 

3.1 Stock structure and  labels 

The stock structure is the same as was assumed in the 2002 assessment. There are two stocks, eastern 
(E) and western (W). Fish from the former migrate back and forth between their spawning grounds in 
Cook Strait (CS) and their home grounds in Chatham Rise (CR). The movements of the W stock are 
more complicated. They are spawned in west coast South Island (WC) and then move as juveniles to 
CR. At some time before age 8 they migrate to sub-Antarctic (SA), their home ground, and 
thenceforth migrate back and forth between there and their spawning grounds, WC. Thus, CR serves 
as a nursery ground to both stocks, and home ground to E fish. 

The abbreviations used in this assessment (Table 11) differ slightly from those used last year (see 
Table 2 above). 

3.2 Partition and  annual cycle 

The model partition is unchanged from that in 2002. It divides the population into two sexes, 13 age 
groups (1 to 13+), four areas corresponding to the four fisheries (CR, WC, SA, and CS), and two 
stocks (E and W). 

The model's annual cycle is the same as that in 2002 except that, as a result of preliminary analyses 
(see Section 2.5) a time step has been added to allow the spawning migrations to occur after the non- 
spawning fisheries and the sub-Antarctic autumn (SAaut) surveys but before spawning. The cycle is 
based on the fishing year (October to September) and divides this year into five steps (Table 12). 
Any fishing and natural mortality within a time step occur after all other processes, with half of the 
natural mortality for that time step occurring before and after the fishing mortality. Most observations 
are considered to occur at a specific point in time, so Table 12 specifies (as "propn. mort.") how much 
of the mortality in the time step is assumed to have occurred by that time. Catch-at-age observations 
are not included in Table 12 because they relate to the entire catch from a fishery (or part of a fishery), 
and so are associated with a whole time step, rather than a specific point within that step. Both non- 
spawning fisheries (in areas CR and SA) were broken into two parts to allow part of the catch to be 
taken before the Whome migration at time step 3. 



Table 11: Abbreviations used in describing the model and observations. 
Quantity 
Stock 

Area 

Fishery 

Observation 

Migrations 

Selectivity 

Abbreviation 
E 
W 
CR 
CS 
S A 
WC 
ESP 
WSP 
Enspl, Ensp2 
Wnspl, Wnsp2 
CSacous 
WCacous 
CRsumbio, CRsumage 
SAsumbio. SAsumage 
SAautbio, SAautage 
pspawn 
Espage, Wnspage, etc 
EnspOLF, WnspOLF 
Ertn, Wrtn 
Whome 

Description 
eastern stock 
western stock 
Chatham Rise 
Cook Strait 
sub-Antarctic 
west coast South Island 
E spawning fishery 
W spawning fishery 
first and second parts of E non-spawning fishery 
first and second parts of W non-spawning fishery 
CS acoustic biomass index 
WC acoustic biomass index 
biomass index & propns at age from CR summer trawl survey 
biomass index & propns at age from SA summer trawl survey 
biomass index & propns at age from SA autumn trawl survey 
proportion spawning (estimated from SA autumn trawl survey) 
proportions at age in catch from given fishery (from otoliths) 
proportions at age in catch from given fishery (from OLF') 
return migrations of E and W fish from spawning 
mimarion of iuvenile W fish from CR to SA - * 

Espmg, Wspmg spawning migrations of E and W fish 
Espsl, Wspsl, Enspsl, Wnspsl selectivity in commercial fisheries 
CRsl, SAsl selectivity in trawl surveys 

Derived ogives Whome.cumul proportion of fish that have migrated 
Esp.comp proportion of CR E fish available to Esp fishery 

proportion of SA fish available to Wsp fishery 
proportion of all W fish available to Wsp fishery 

'OLF is a computer Gogram that estimatesprop&ions at age from length frequency data (Hicks et al. 2002) 

Table 12: Annual cycle of the assessment model, showing the processes taking place a t  each time step, 
their sequence within each time step, and the available observations (excluding catch a t  age). M fraction 
is the proportion of natural mortality which occurs within the time step. An age fraction of, say, 0.25 for 
a time step means that a 2+ fsh is treat+ as being of age 2.25 in that time step. The last column ("propn. 
mort") shows the proportion of that time step's mortality that is assumed to have taken place when each 
observation is made. 

Approx. Age Observations 
Step months Processes M fraction fraction label propn. mort. 

1 Oct-Nov migrations Wrtn: WC->SA, Ertn: CS->CR 0.17 0.25 - 

2 Dec-Mar recruitment at age 1 + to CR (for both stocks) 0.33 0.60 
partl, non-spawning fisheries (Enspl, Wnspl) SAsum 0.5 

CRsum 0.6 

3 Apr-Jun migration Whome: CR->SA 0.25 0.90 
part2, non-spawning fisheries (Ensp2, Wnsp2) SAaut 0.1 

pspawn 

4 End Jun migrations Wspmg: SA->WC, Espmg: CR->CS 0.00 0.90 - 

5 lul-Sep increment ages 0.25 0.0 CSacous 0.5 
spawning fisheries (Esp, Wsp) WCacous 0.5 

Fish first appear in the model, at about age 1.3, when they a m v e  as  new recruits in C R  in December 
(at the beginning of time step 2) the year after they are spawned. Reasons for bringing the new 
recruits into C R  at this stage were documented in the last assessment (see figure 4, Francis e t  al. 
2003a). 



Three types of migrations are modelled. The first (migration Whome) affects only the young W fish, 
which are assumed to migrate, at time step 3, from CR to SA, with all fish having completed the 
migration by age 8. The other two types of migrations relate to spawning. Each year some fish 
migrate from their home ground (CR for E fish, SA for W fish) to their spawning ground (CS for E 
fish, WC for W fish) at time step 4 (migrations Espmg, Wspmg). At time step 1 in the following year 
all spawners return to their home grounds (migrations Ertn, Wrtn). 

3.3 Ogives 

The ogives used in the model are the same as in 2002: six selectivity ogives (one for each of the four 
fisheries - Espsl, Wspsl, Enspsl, Wnspsl - and one each for trawl surveys in areas CR and SA - 
CRsl, SAsl), and three migration ogives (for migrations Whome, Espmg, and Wspmg). In initial 
model runs, ogive assumptions were the same as those for the final runs in 2002 (see Table 1 above 
and, for more detail, Francis et al. 2003a). For final runs, only those assumptions associated with the 
2002 run 6.2 were used. 

As in 2002, the model attempts to estimate annual changes in fishery selectivity ogives. These 
changes are driven by annual time series of fishery-pattern descriptors (Table 13) which Francis 
(2003a) found to be correlated with the mean length of fish in the catch each year. In initial NnS, 
shifts were estimated only for the western ogives (Wnspsl and Wspsl), as in the 2002 assessment. 
Then it was established (see below) that it was only for the Wsp fishery that the shifts provided a 
better fit, so this was the only shift estimated in the final runs. 

Table 13: Fishery-pattern descriptors for each f~hery: median catch day for Esp and Wsp; median catch 
depth (m, as negative numbers) for Ensp and Wnsp. The mean values were used for all years (including 
2003) for which there was catch but no descriptor data. -, no data. 

Fishery 
ESP 
W ~ P  
Ensp 
Wnsp 

Fishery 
ESP 
W ~ P  
Ensp 
Wnsp 

1997 1998 1999 2000 2001 2002 Mean 
311 311 313 317 317 316 313 

Four derived ogives provide further insights into the model processes. Whome.cumu1 shows the 
cumulative effect of the Whome ogive. The distinction between these two ogives is that for each age, 
Whome described the proportion of the W fish remaining in CR that will migrate each year, whereas 
Whome.cumu1 shows the overall proportion of that cohort that has migrated (i.e., is in SA) 
immediately after the annual migration (this is only an approximate proportion, since its calculation 
requires the assumption that fish of the same cohort in the W stock suffer the same mortality, whether 
or not they have migrated). Esp.comp is the product of two ogives, Espmg and Espsl, so it describes, 
for each age, the proportion of all the fish in the E stock that are available to the Esp fishery. Things 
are more complicated for the W stock, so we need two slightly different ogives. Wsp.comp is the 
product of Wspmg and Wspsl, and Wsp.full is the product of Whome.cumul, Wspmg. and Wspsl. 
The former is the proportion of the W fish in SA that are available to the Wsp fishery; the latter is the 
proportion of all W fish (including those in CR) that are available to this fishery. 



3.4 Other structural assumptions8 

For each stock, the population at the start of the fishery was assumed to have a stable age structure 
with biomass, Bo, and constant recmitment, Ro. The recruitment at age 1 in year y in each stock was 
given by R, = Ro x YCSY2 x SR(SSBY2), where the YCS, is the year-class strength for fish spawned in 
year y, SR is a Beverton-Holt stock-recruit relationship with assumed steepness 0.9 (following Cordue 
2001), and SSB, is the mid-season spawning stock biomass in year y. 

Twenty-five YCSs were estimated for each stock - for years 1977 to 2001 -but for point estimates , 

the last three were constrained (by a penalty function) to be the same in the E and W stocks (the 
penalty functions were dropped for the full Bayesian runs). The YCSs for 1977 to 1998 were 
constrained to have mean 1, which means that RO is defined to be the mean recruitment over those 
years (ignoring the effect of the stock-recruit relationship, which will be slight). YCSs for the initial 
years (1970 to 1976) were fixed at 1. Slightly different YCS assumptions were used in most initial 
runs: YCSs for 2001 were set to 1, and the year range over which YCSs were constrained to have 
mean 1 was 1977 to 2000. 

There was a logical inconsistency in the 2002 assessment, where the stock-recruit relationship was 
assumed in yield estimation but not in MPD and MCMC runs. This was inconsistent because YCSs 
estimated in the MCMC runs, where they were interpreted as deviations from an overall mean 
recruitment, were then used in the yield simulations, where they were treated as deviations from the 
mean recruitment expected from the stock-recruitment relationship. However, this inconsistency is 
likely to have had little effect because the assumed steepness was high and the stock biomass rarely 
reached low levels. The effect of using a stock-recruit relationship in the MPD runs is slight (see 
below). 

The maximum exploitation rates assumed were the same as in 2002: 0.3 in each part of the two non- 
spawning fisheries (which is approximately equivalent to 0.5 for the two parts combined), and 0.67 
for both spawning fisheries. A penalty function was used to strongly discourage model estimates for 
which these maximum exploitation rates were exceeded. 

Ageing error, as described in Section 2.3 above, was assumed. That is, the model's expected age 
distributions had ageing error applied to them before they were compared with the observed 
distributions (i.e., before they were used to calculate the objective function value). 

3.5 Catches and fixed biological parameters 

The model catches (Table 14) were obtained by dividing the official catch for each year (from QMRs 
or, in 2001-02, MHRs) into the six model fisheries, according to area and month. This division was 
done using TCEPR and CELR data and the resulting catches were then scaled up to the official catch. 
The method of division (Table 15) is the same as in 2002 except that, as directed by the Working 
Group, catches near Pegasus Canyon (i.e., within the box 42" 24' S - 43" 36' S, 173' 1' E - 174"E) 
between June and September were allocated to Esp, rather than Ensp2. This change resulted in the 
transfer of, on average, about 1000 t a year from Ensp2 to Esp since 1990. For 2002-03, catches were 
assumed to be at the level of the current TACC (200 000 t), and split between fisheries in the same 
proportions as in 2001-02. 

Plots of the catch data show how the Wsp fishery has dominated catches and how the percentage 
caught in all the west fisheries has varied over time (Figure 12). To date 66% of the catch has come 
from the west fisheries. 



Table 14: Catches (t) by fishery and fishing year (1972 means fihing year 1971-72), as used in the 
assessment 

Year 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 

Fishery 
Ensol Enso2 Wnso l Wnsn l ESP WSD 

Table 15: Method of dividing annual catches into the six model fisheries (Esp, Wsp, Enspl, Eosp2, 
Wnspl, and Wnspl). The small amount of catch reported in the areas west coast North Island and 
Challenger (typically 100 t per year) was ignored (which means that this catch is pro-rated across all 
fiheries). 

Area Oct-Mar Apr-May JuwSep 
West coast South Island; Puysegur WSP WSP WSP 
Sub-Antarctic Wnspl Wnsp2 Wnsp2 
Cook Strait; Pegasus Enspl Ensp2 ESP 
Chatham Rise; east coasts of South Island &North Island; null' Enspl Ensp2 Ensp2 
' no area stated 



E = Esp 
e = Ensp W 

I \  

W = wsp ii 
vd = Wnsp "'1 ]xxxxx' 

C .- = fin xx x x  \ 

Fishing year 
Figure 12: Annual catches by fishery (left panel) and percentage of catch caught in western fisheries 
(Wsp, Wnspl, Wnsp2) (right panel). 

Biological parameters that are fixed (i.e., not estimated in the model) are given in Table 16. These are 
the same as were used in 2002. 

Table 16: Fixed biological parameters used by the model. 
W stock E stock 

Type Symbol All fish Male Female Male Female Source 

Growth L 92.6 104.0 89.5 101.8 Horn & Sullivan (1996) 
k 0.261 0.213 0.232 0.161 
b -0.5 -0.6 -1.23 -2.18 

Francis (2003a) 

Proportion by sex at birth 0.5 Assumed 

3.6 Observations 

Three types of observations were used in the model: biomass indices (Table 17), proportions at age 
(and sex) (Table 18, Figure 13), and proportion spawning (Table 19). Biomass indices new to this 
assessment came from the Cook ~ t r a i &  acoustic survey in winter 2002 (0Driscoll 2003) and trawl 
surveys of the Sub-Antarctic in December 2002 (O'Driscoll & Bagley 2003) and Chatham Rise in 
January 2003 (Livingston 2003). CPUE lnd~ces were available (Dunn 2003) but were not used because 
the Working Group did not believe they reliably indexed abundance. 

The proportions-at-age data fall into three groups. The first group - trawl survey (CRsumage, 
SAsumage, SAautage) and spawning catch at age (Wspage, Espage) - is the most substantial and 
reliable. These data are otolith-hased,and use an age-length key to transform proportions at length 
to proportions at age. The non-spawning otolith-based data (Enspage, Wnspage) are available for 
only a few years, and are used for the first time in this assessment. Because the associated fisheries 



are spread over many months, these proportions at age must be estimated directly (rather than via an 
age-length key). They are probably somewhat less reliable than the first group because of patchiness 
in observer coverage of these fisheries, and possible non-randomness in selection of otoliths (Francis 
2002). The OLF-based data are even less reliable because of the difficulty of inferring age 
distributions from length data alone. As in 2002, all proportions that were less than 0.0001 were 
replaced by 0.0001 (for reasons, see Francis et al. 2003a). 

Table 17: Biomass indices ('000 t) used in the sssessment, with 0 b ~ e ~ a t i o n  and total c.v.s (respectively) 
in parentheses Highlighted values are new to this assessment The derivation and use of the c.v.s are 
described in Section 3.7. 

CRsumbio SAsumbio SAautbio CSacous WCacous 
1988 - - - - 417 (0.22,0.60) 
1989 - - - - 249 (0.15.0.38) 
1990 - - - - 255 (0.06,0.40) 
1991 - - - 126 (0.13.0.45) 340 (0.14,0.73) 
1992 120 (0.08,0.21) 80 (0.07,0.21) 68 (0.08,0.22) - 345 (0.14,0.49) 
1993 186 (0.10,0.22) 87 (0.06,0.21) - 418 (0.15.0.53) 550 (0.07,0.38) 
1994 146 (0.10,0.22) 100 (0.09,0.22) - 420 (0.06.1.0'2) - 
1995 120 (0.08,0.21) - - 298 (0.12,0.71) - 
1996 153 (0.10.0.22) - 89 (0.09,0.22) 138 (0.09.0.64) - 
1997 158 (0.08,0.22) - - 209 (0.12.0.41) 654 (0.10,0.60) 
1998 87 (0.1 1,0.23) - 68 (0.1 1,0.23) 115 (0.1,0.46) - 
1999 109 (0.12,0.23) - - 175 (0.1.0.36) - 
2000 72 (0.12,0.23) - - - 396 (0.14,0.60) 
2001 60 (0.10,0.22) 56 (0.13.0.24) - 155 (0.12,0.34) - 
2002 74 (0.11,0.23) 38 (0.16,0.26) - 225&.!3S?:?h - 
2003 5 3 ( 0 0 . 2 2 )  40'1(0.$4,0324) - - - 

Table 18: Description of the proportions-at-age observations used in the assessment These data derive 
either from otoliths or from the length-frequency analysis program OLF (Hicks et al. 2002). Highlighted 
data, or years, are new to this assessment. 

Source of 
Area Label Data type Years age data 

WC Wspage Catch at age 198842 otoliths 

SA WnspOLF ..... Catch at age ................... 1992-94,96,99-00,02 .-T %..:.?: .... OLF ~-,, .k ~'>;*.-. &. 

..... wnsp+ .-.. I ;. . . . . . .  ..... cat&& - age ,,.. ,:: ,. ,i .. 1,2001:+ ... ..-,< :. ?.-:i- otollths .... .. 'r..;" 2.<:-.a9..* 

SAsumage Trawl survey 1992-94.200143 otoliths 
SAautage Trawl survey 1992.96.98 otoliths 

CS Espage Catch at age 1988-@2 otoliths 

CR EnspOLF Catch at age . . . .  .. ' . 
E&&& " .  . .; . Ca@jayage; ::, 
CRsumage Trawl survey 

Table 19: Proportion spawning data, pspawn. These are estimates, from the 1992 and 1998 SAant 
surveys, of the proportion, by age, of females that were expected to spawn in the following winter. 

Ace 
Year 3 4 5 6 7 8 9+ 
1992 0.19 0.45 0.27 0.57 0.68 0.69 0.64 
1998 0.28 0.60 0.40 0.40 0.40 0.40 0.52 

The way the proportions-at-age data enters the model depends varies amongst data sets (Table 20). 
Maximum ages were 12 for otolith-based data and 6 for OLF-based, and the minimum age was 2, 
except for observations in CR (where all fish recruit at age 1+) where it was 1. Reasons for the 
change in the upper age for otolith-based data are given above in Section 2.4. 



Espage. Wspage, Wnspage, SAsumage, SAautage 2 
Enspage, CRsumage 1 
WnspOLF 2 
EnspOLF 1 
pspawn 3 

Table 20: Age ranges and plus groups used for at-age data sets. Changes since the last assessment are 
highlighted. 

Age ranee Last age a 
Data set Lower Upper plus group? 

12 no 

Espage aqes 2-12 

EnspOLF aqes 1 M  
Enspage ages 1-1 2 I 

CRsumage ages 1-12 
I I 

Wspage ages 2-12 
I 

WnspOLF ages 2 M  
Wnspage ages 2-12 

SAsumage ages 2-12 
SAautage ages 2-12 

Fishing year 
Figure 13: Proportions-at-age data, plotted by cohort and fishing year, with both sexes combined. The 
area of each circle is proportional to the associated proportion at age. Cirele positions for the SAautage 
data have been offset horizontally to allow them to be plotted on the same panel as the SAsumage data. 
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3.7 Error assumptions 

The error distributions assumed were robust lognormal (Bull et al., 2002) for the proportions-at-age data, 
and lognormal for all other data. This means that the weight assigned to each datum was controlled by an 
error C.V. Jn this section I describe how these c.v.s were assigned. 

For the biomass indices, two alternative sets of c.v.s were used (see Table 17). The total c.v.s represent 
the best estimates of the uncertainty associated with these data, and were used in all initial model runs. 
For the acoustic indices, these were calculated using a simulation procedure intended to include all 
sources of uncertainty (ODriscoll2002), and the observationerror c.v.s were calculated in a similar way 
but including only the uncertainty associated with between-transect (and within-stratum) variation in total 
back scatter. For the trawl indices, the total c.v.s were calculated as the sum of an observationerror c.v. 
(using the standard formulae for stratified random surveys, e.g., Livingston & Stevens 2002) and a 
processerror c.v., which was set at 0.2, following (following Francis et al. 2001) (note that c.v.s add as 

2 2 squares: c.v.,, = C . V . ~  + c . v . , ~ ~ ~ ~ ) .  In some model runs (see below) it was decided to upweight 
some or all biomass indices by using their observation, rather than total, c.v.s. 

For almost all of the proportions-at-age observations, total c.v.s were treated as the sum of a processerror 
C.V. and an observationerror C.V. (the only exception was pspawn, for which an C.V. of 0.25 was 
assumed, following Cordue (2001)). As in 2002, observationerror c.v.s for the at-age data were assumed 
to be functions of the observed proportion, with the functional relationship varying by year in each data 
set (Figure 14). The procedure followed in 2002 for deriving these relationships had two steps. First, a 
combination of bootstrapping and regression was used to estimate the functional relationships for Espage, 
Wspage, CRsumage, SAsumage, and Shutage. Second, functional relationships were derived for the 
EnspOLF and WnspOLF data by arbitrarily assuming that variances were inversely proportional to the 
square root of the percentage of the catch observed in each year and that variances for the best year of the 
OLF data were twice that for an average year for the Espage data (see Francis et al. 2003a). This year, a 
third step was added to estimate c.v.s for the Enspage and Wnspage data. This was similar to that for the 
OLF data except that average variances for the Enspage and Wnspage data were assumed to be similar to 
those for the Espage data. The intention was to make c.v.s for the Enspage and Wnspage data smaller 
than those for EnspOLF and WnspOLF. 

For the most recent SAsum survey, TAN0219, the proportions at age 2 were clear outliers in the 
regression used to estimate observation c.v.s (Figure 15, right panel). These points were ignored when 
fitting the regression and the bootstrap c.v.s (which were 1.58 and 1.50) were used in the model in place 
of those predicted from the regression (0.083 for both sexes). AU other data sets were searched for 
similar extreme outliers and these were found in only one case, TAN9310 (also in SAsum), and also for 
age 2 propoltions (Figure 15, left panel). These outliers were dealt with in a similar way. It seems 
significant that these two surveys are the only two in the SAsum series in which the estimated proportion 
of 2-year olds was greater than 0.02 (it was 0.1 1 in 1994 and 0.24 in 2003). Thus, whenever 2-year olds 
were abundant in this survey, their abundance was poorly estimated. 

Process-error c.v.s for the at-age data were estimated within the model (one C.V. for each data set) for all 
point estimates (in 2002 they were fixed at the same values for all mns). For full Bayesian estimates, 
these c.v.s were fixed. Although there is some evidence that these processerror c.v.s should decrease 
with increasing age there does not appear to be a strong need to implement such a relationship (see 
Section 2.2 above). 



Proportion 
Figure 14: Assumed observation-error c.v.s for the proportions-at-age data. In each panel, each year of 
data is represented by a line showing the relationship between observed proportion and C.V. for that year. 

0.050 0.005 

Proportion 
Figure 15: Variance of log(proportion) ploffed against proportion for two surveys in which the proportions 
at age 2 (identified by the plotting symbol :'27 are outliers These outliers were ignored when fitting the 
plotted regression Lines. 



3.8 Parameters, priors, and penalties 

A total of 121 parameters were estimated in each of the final model runs (Table 21). Most of the 
associated prior distributions were intended to be uninformative; the exceptions were those for pE, the 
catchabilities (O'Driscoll et al. 2002). and natural mortality (Smith 2002). 

Two changes were made from the priors used in 2002. The prior for parameter pE was narrowed part 
way through the initial runs (it had been uniform on [0.1,0.7]) to better reflect the Working Group's 
belief and to prevent what were believed to be implausibly high estimates of pE. Also, the C.V. of the 
lognormal prior on YCSs was reduced from 1.31 (the value used in the 2002 assessment) to 0.95. The 
former value derives from Cordue (2001) and is equivalent to OR = 1 (where OR is the s.d. of the 
log(YCS)). The latter value corresponds to OR = 0.8, which is more consistent with what was found in 
the 2003 estimates (where the estimated OR ranged from 0.73 to 0.83). OR = 0.8 is also the value used 
by Francis (1992) to represent high recruitment variability in analyses invest~gating the calculation of 
MCY and CAY (this value is approximately equal to the upper quartile in the compilation of 
estimated OR values by Beddington & Cooke (1983)). 

Table 21: Parameters estimated in the final model mas, and their assxiated prior distributions. 
Distribution parameters are: bounds for uniform; mean (in natural space) and cv. for lognormal; arid 
mean and s.d. for normal and beta. Highlighted entries are new to this BSSeSSment. 

Distribution No. of 
Parameter(s) Description T W  Parameters parameters 
logB0-total log(Bos + B0.w) uniform . . . , . , ,. , , , 11.6 . , . . . -. . ,. 16.2 , - . I 
BO-prop-stock1 (=pE) BO.EI(BO.E + B0.w) beta(O,O?).:-; :, :P?!P~.: :: 0!-'57 I 
recmitment[E].YCS year-class strengths (E) lognormal 1 $95 25 
recmitment[W].YCS year-class strengths (W) lognormal 1 @j 25 
q[CSacous].q catchability, WCacous lognormal 0.7 1 0.85 1 
q[WCacous].q catchability, CSacous lognormal 0.57 0.68 1 
q[CRsum].q catchability, CRsumbio lognormal 0.15 0.65 1 
q[SAsum].q catchability, SAsumbio lognormal 0.17 0.61 1 
q[SAaut].q catchability, SAautbio lognormal 0.17 0.61 1 
natural-mortality.avg (M& + MfdJ2 lognormal 0.278 0.265 1 

migrations whome, Wspmg, Espmg uniform various 
comm. selectivities Espsl,Wspsl,Enspsl,Wnspsl uniform various 
SUN. selectivities CRsl, SAsl uniform various 

' This is a beta distribution scaled to have its support on the interval [0,0.5] 

In addition to the priors, bounds were imposed for all parameters with non-uniform distributions. For 
the catchability parameters these were those calculated by O'Driscoll et al. (2002) (where they are 
called "overall bounds"); for other parameters they were set at the 0.001 and 0.999 quantiles of their 
distributions. 

Penalty functions were used for three purposes. F i t ,  any parameter combinations that caused 
exploitation rates to exceed their assumed maxima (Section 3.4) were strongly penalised. Second, the 
E and W YCSs were forced to be equal in 1999 to 2001 (but this penalty was dropped in MCMC 
runs). The third use of penalty functions was to link the spawning migration ogives for the two stocks 
(as per the constraints in Table 1). 



3.9 Improvements to CASAL since 2002 

There are two improvements to CASAL which make present model runs not directly comparable to 
those in the 2002 assessment. 

The first concerns the way size-based ogives are converted to age-based, and the change is illustrated 
in Figure 16. Originally, the size-based ogive was treated as a step function (top left panel), which 
meant that when it was converted to age-based it was not smooth (lower two left panels). This has 
been changed so that both age- and size-based ogives are smooth (right panels). 

The second change is to the way that C A S K  implements annual changes in selectivity. The current 
version of CASAL implements these i3y shifting the selectivity ogive horizontally, as was originally 
intended. This was not possible in the 2002 version of CASAL because of the way it dealt with size- 
based ogives. Instead, the shift was implemented, unsatisfactorily, by exponentiation (see section 
3.1.4, Francis et al. 2003a). The new aid  old methods of shifting ogives are illustrated in Figure 17. 

Old New 

~ ~ ~ - - ~ 

Length (cm) Length (cm) 

Age-based, female, time step 3 
1 .o 

X  x 
0.8 X  

X 

Age-based, female, time step 3 
1.04 x X x  

Age (y) or size (cm) 
Figure 16: Illustration of the old (left panels) and new (right panels) ways in which CASAL converts size- 
based ogives into age-based. The top panels show the size-based ogive for the west non-spawning fishery 
from run 6.2 in the 2002 assessment The other panels show how CASAL converts this to age based for 
males (middle panels) and females (bottom panels) at time step 3. 
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Old New 

Length (cm) 

Figure 17: Illustration of the old (left panels) and new (right panels) ways in which CASAL shifts 
selectivity ogives. Each panel shows an original ogive (solid line) and the same ogive shifted in both 
directions (broken and dotted tines). Upper panels are logistic ogives; lower panels use double normal 
ogives. 

4. INITIAL ASSESSMENT RESULTS 

The aim of the analyses presented in this section was to explore a wide range of alternative 
assumptions so as to decide on those assumptions that would be used in the formal assessment (whose 
results are presented in Section 5). The five parts of this section correspond to five stage in the initial 
analyses in which: a problem was identified; explanations were sought for the problem; potential 
solutions to the problem were evaluated; final adjustments were made; and initial MCMC runs were 
carried out. 

4.1 Identifying the problem 

The obvious starting point for an assessment is simply to update the assessment by doing model runs 
which are analogous to those in the final model runs from the previous assessment. By "analogous" I 
mean that the only changes from last year's runs should be those described in Section 3 (updated data 
and some slight modifications in assumptions). At this stage, the prior on pE (the proportion of Bo in 
the E stock) had not been updated so the 2002 prior (uniform on [0.1,0.7]) was still being used. The 
updated runs (labelled 3.1-3.4) gave estimates of pE and Mavg (the average estimated natural 
mortality for males and females) that were considerably higher than in 2002 (Table 22). This was 
considered problematic because the new estimates were well outside the posterior distributions from 
the 2002 assessment (Figure 18) and were believed by the Working Group to be implausibly high. 



Table 22: Comparison of MPD estimates from fonr final runs in the 2002 assessment with analogous 
runs (the same but for updated data and assumptions) from the present assessment. [Only fonr of the 
five final runs from 2002 appear in this table because the use of numbers-at-age data in the 2002 run 
n u m a t 2  is no longer considered appropriate (see section 6.3, Francis et al. 2003a)l. 

No. of Obj. 8, ('000 tl  smmd 
Run Comment Pas in. E W E W pE Mavg 
6.1 from 2002 99 -355.6 302 679 50 34 0.31 0.30 
6.2 from 2002 102 -358.2 329 763 49 39 0.30 0.30 
6.3 from 2002 102 -389.3 308 1016 41 62 0.23 0.33 
propns.at2 from 2002 91 -348.1 337 1581 49 72 0.18 0.33 

3.1 like 6.1 I14 -327.1 706 843 76 31 0.46 0.39 
3.2 like 6.2 117 -322.2 916 937 76 36 0.49 0.40 
3.3 like 6.3 117 -332.8 814 783 72 28 0.51 0.36 
3.4 like propns-at2 106 -309.2 691 965 67 35 0.42 0.36 

6.1 and 3.1 6.2 and 3.2 

- 0.2 0.3 0.4, 0.5 0.2 0.3 0.4 0.5 E 

pE (proportion BO in E stock) 
Figure 18: Posterior-sample estimates of pE (estimated proportion of Bp in the E stock) and Mavg (the 
average estimated natural mortality for males and females) from fonr of the five main ~ n s  in the 2002 
assessment. Corresponding MPD estimates are plotted as 'X' (for 2002 estimates) and '0' (for the 
analogous runs, 3.1 to 3.4, in Table 22). 

Another problem with these updated runs is that they fit CRsumbio poorly. Thls is of concern 
because it is our best biomass index (because of its low c.v.s and high number of surveys) and shows 
a clear downward trend that is not reproduced in these runs. One measure of goodness of fit of a run 
to a particular data sets is the SDNR (standard deviation of the normalised residuals). An SDNR 
value near (or less than) 1 indicates that the model is fitted as well as (or better than) can be expected 
given the assumed c.v.s for the data set. By this measure CRsumbio is poorly fitted in all of runs 3.1 
to 3.4, whereas the fit to all other indices is adequate (Table 23). For all runs, the expected biomass 
trend was less than observed in CRsumbio (Figure 19). 



Table 23: Goodnw of fit, as measured by the 
SDNR (standard deviation of the nonnalised 

2oa residuals), of runs 3.1 to 3.4 to each series of 
biomass indices. 

Biomass Run 
index 3.1 3.2 3.3 3.4 
CSacous 0.87 0.90 0.87 0.85 
WCacous 1.00 1.00 1.00 0.96 150 

CRsumbio 1.51 1.53 1.52 1.36 
SAautbio 0.85 0.84 0.84 0.89 
SAsumbio 0.94 1.02 0.97 1.09 - - 

0 
0 - :: loo 
m 

5 m 

Figure 19: Observed ('0') and expected (lines) 
values for the biomass index CRsumhio. o -+ 

1992 1&4 1&6 1998 2000 2d02 

4.2 Seeking an explanation for the problem 

In this section I repon the results from a series of model runs which were designed to identify which 
of the many changes in model inputs between the two sets of runs in Table 22 were responsible for the 
problem, identified in the previous section, of implausibly high estimates of pE and Mavg. All mns in 
this section used the 2002 prior on pE (uniform on [0.1,0.7]). 

The process-error c.v.s estimated in the new runs are somewhat different from those used in 2002 
(Table 24). In these runs, the process-error c.v.s for Enspage and EnspOLF were assumed to be the 
same, as were those for Wnspage and WnspOLF. Relaxing this assumption (so that 9 process-errors 
were estimated, rather than 7) did not significantly improve the fit (see run 3.20, Table 25). Nor did 
applying more constraints, so that only 3 process-error c.v.s were estimated: one each for spawning 
catch, non-spawning catch, and surveys (see run 3.22, Table 25). Two other changes which were 
similarly ineffectual were loosening the bounds on selectivity parameters and setting the current year 
to be 2002 (which involves removing the last year's data) (see mns 3.9 and 3.10, Table 25). 

Table 24. Procgssrror c.vs used in the 2002 assessment compared to those estimated in rnns 3.1 to 3.4. 
In the latter runs, the c.vs for the otolith-based observations from the non-spawning catch (Enspage and 
Wnspage) were sssumed to be the same as for the corresponding OLF-derived observations. 

Runs Espage Wspage EnspOLF WnspOLF CRsumage SAsumage SAautage 
A11 2002 0.30 0.40 0.40 0.40 0.40 0.40 0.40 



Table 25: MPD estimates from some new model runs which are variants of run 3.2 (see text for details of 
runs). 

No. of Obj. Bo . ('000 t) &&M!d 
Run Comment P m  fn. E W E W pE Mavg 
3.2 like 6.2 117 -322.2 916 937 76 36 0.49 0.40 

3.20 run 3.2 with 9 c.v.s 119 -326.9 897 925 75 34 0.49 0.40 
3.22 run 3.2 with 3 c.v.s 113 -313.2 754 943 73 35 0.44 0.39 
3.9 unbound selectivities 117 -334.6 703 778 74 28 0.41 0.32 
3.10 current year=2002 115 -307.8 952 1065 59 53 0.45 0.36 

It was thought desirable that the assessment be insensitive to the number of YCSs that are estimated. 
In the 2002 assessment this insensitivity was found when otolith-based at-age data were used with a 
maximum age of 10 and a plus group, but not with maximum age 13 and a plus group. Preliminary 
analyses (see Section 2.4 above) also found this to be true with a maximum age of 12 and no plus 
group for these data. Unfortunately, this robustness was lost when process-error c.v.s were estimated, 
regardless of whether the current year was set to 2002 or 2003 (first four rows of Table 26). When 
these c.v.s are fixed at their 2002 values, the results are robust if the current year is 2002, but not if it 
is 2003 (rows 5-8, Table 26). It is noteworthy that when the processerror c.v.s were estimated the 
results did not change much when an additional year's data were added. 

Table 26: MPD estimates from some new model rum which are variants of run 3.2 (see text for details of 
runs). 

Current YCSs Proc. error No. of Obj. -. B m  &-- 
Run year est. c.v.s pars1 fn. E W E W pE Mavg 
3.10 2002 77-99 estimated 115 -307.8 952 1065 59 53 0.47 0.40 
3.14 2002 80-99 estimated 109 -289.9 352 1144 45 53 0.36 0.33 
3.2 2003 77-00 estimated 117 -322.2 916 937 76 36 0.49 0.40 
3.13 2003 8000 estimated 111 -304.3 506 881 80 34 0.36 0.33 

3.15 2002 77-99 fixed 108 -289.8 413 1298 45 57 0.24 0.30 
3.17 2002 8099 fixed 102 -278.2 356 1222 41 56 0.23 0.28 
3.16 2003 77-00 fixed 110 -301 918 1013 80 36 0.47 0.40 
3.33 2003 8000 fixed 104 -288.2 448 1069 66 38 0.30 0.30 

We may conclude from Table 26 that the loss of robustness is mostly due to two changes: the 
additional year's data, and the decision to estimate process-error c.v.s inside the model. The 
following other changes do not seem to have contributed: 

-the way size-based ogives are converted to age-based 
-the way that selectivity ogives are shifted from year to year 
-the additional time step and shifting the spawning migration to after the non-spawning fisheries 
-changing the maximum age for otolith-based data from 10+ to 12 
- adding a stock-recruit relationship 
-allowing for bias induced by ageing error 
-decrease in YCS prior cvs. 

To see why we obtained such different results in Table 26 when the model year was incremental 
(from 2002 to 2003) a series of model luns was done that were intermediate between runs 3.15 and 
3.16. In this series (Table 27) there 'are two important steps. The first is when the current year 
changes to 2003 without any additional data being added. Both pE and Mavg increase substantially 
(run 3.23, Table 27). At this step, the number of parameters estimated increases by two because the 
two 2000 YCSs are now estimated. Also, the constraint on recent YCSs being equal shifts forward 
one year to apply to 1999 and 2000, rather than 1998 and 1999. The effect on estimated YCSs can be 
seen in the top two panels of Figure 20. After this step, the adding of the most recent OLF (non- 
spawning proportions at age for 2002) and survey (CSacous for 2002, and CRsurn & SAsum for 
2003) data has little effect (see runs 3.24 and 3.25, Table 27). The second important step is when the 



2002 Espage and Wspage data are added. These additions cause marked increases in both pE and 
Mavg (see runs 3.26, 3.27 and 3.16, Table 27). 

Table 27: MPD estimates from a series of model runs intermediate between runs 3.15 and 3.16, in which 
process-error c.v.s are fixed at the values used in 2002 (see text for details of runs). 

Current Additional No. of Obj. 
Run 
3.15 
3.23 
3.24 
3.25 
3.26 
3.27 
3.16 

data 
- 
- 
OLF 
OLF+suw 
OLF+surv+Espage 
OLF+surv+Wspage 
OLF+su~+spage 

f". 
-289.8 
-313.5 
-308.7 
-308.5 
-300.9 
-308.6 

-301 

&Luxm a Y m n m d  -- 
E W E W pE Mavg 

413 1298 45 57 0.24 0.30 
634 1120 83 35 0.36 0.35 
612 1112 84 34 0.35 0.35 
663 1102 8 1 35 0.38 0.36 
881 1063 84 35 0.45 0.39 
725 1027 81 35 0.41 0.38 
918 1013 80 36 0.47 0.40 

3.0 run 3.15 run 3.23 

2.5 

3.0 7 run 3.2 
I 

Figure 20: Estimated YCSs from selected model runs from Table 27. 

In all runs presented so far it was assumed that the populations that existed in 1972, when the fishery 
started, had a stable age distribution based on a constant recruitment, R ~ , ,  equal to RG the average 
recruitment over the years in which YCSs are estimated. Given the big change that occurred between 
runs 3.15 and 3.23, when an additional year's YCSs were estimated, it's reasonable to ask whether it 
would help to free the R ~ ,  parameters. The model tuns in Table 28 show that this does not help. 
Freeing these parameters makes little difference to either the objective function value or pE and 
Mavg. 

One way to find out which data sets most affect pE is by creating a posterior profile for this 
parameter. That is, we do a series of model runs in each of which pE is forced to a different value but 
all other parameters are estimated as usual. The results (Table 29) are illuminating. As pE was forced 
to change, Mavg and BOE moved in tandem, but Bow changed comparatively little. Thus, the uncertainties 
in pE and Mavg are correlated; the model is not likely to estimate one high and the other low. A second 
point to notice is that of all the biomass indices (CRsumbio, CSacous, SAautbio, SAsumbio, WCacous) 
there is only one which provides any information about pE. CRsumbio fits better with low pE, but the 
remaining indices fit (approximately) equally well across all values. However, the survey proportions-at- 
age data (CRsumage, SAautage, SAsumage) fit better at higher pE values and worse at lower values. 



Thus, the model estimate of pE may be seen as a compromise between CRsumbio, which prefers a low 
value, and the survey at-age data, which prefer a high value. The catch-at-age and propoltion spawning 
data sets show no consistent pattern of preference for low or high values of pE. Finally the model does 
not show a strong overall preference for any value of pE in the range 0.28 to 0.64 (because the objective 
function varies only by 10 points). This suggests that the data do not contain strong information about 
this parameter. Table 30 shows that similar patterns of behaviour occur with the other mns. 

Table 28: MPD estimates from a series of model runs showing the effect of freeing the Rid, parameters. 
The model runs are in three pairs, and the only difference within each pair being whether the Rini, 
parameters were fixed or estimated 

No. of Objective -- B d I ? @ u  &,.-L(%Bd 
Run Comment R,.,, pars function E W E W pE Mavg 
3.15 fixed 108 -289.8 413 1298 45 57 0.24 0.30 
3.28 like 3.15 estimated 110 -290.7 400 1293 42 58 0.24 0.29 
3.23 fixed 110 -313.5 634 1120 83 35 0.36 0.35 
3.30 like 3.23 estimated 112 -314 600 1084 82 35 0.36 0.34 
3.16 fixed 110 -301 918 1013 80 36 0.47 0.40 
3.29 like 3.16 estimated 112 -301.2 902 981 80 37 0.48 0.40 

Table 29: Posterior profile for pE (proportion of total Bo in E stock) based on run 3.2. The first three 
lines show how Mav, B O ~  and BW vary as pE is forced to take each of the specified values. The following 
lines in the table shows how the fit to each data set (expressed as the change in the objective function) 
changes as pE changes: positive (negative) values indicate that the fit is worse (better) relative to that for 
NU 3.2 (which is the central column). The final row ('ALL') includes all contributions to the ohjective 
function (data, priors, and penalties). [This tabk diiers slightly from table 11 in the Working Group 
report because the profile is based on a slightly different run.] 

DE 
0.28 0.40 0.49 0.52 0.64 

Mavg 0.34 0.37 0.40 0.41 0.43 
B,('OOOt) 449 637 916 1017 1652 
Bow('000t) 1155 956 937 939 929 

Type Component 
Biomass CRsumbio -4 -1 0 0 1 

CSacous -0 -0 0 0 0 
SAautbio 0 0 0 -0 -0 
SAsumbio -0 -0 0 0 0 
WCacous 0 0 0 -0 -0 

Survey at age CRsumage 4 3 0 -1 -3 
SAautage 2 0 0 0 0  
SAsumage 12 3 0 -0 -1 

Catch at age EnspOLF -3 -1 0 0 1 
Enspage 1 1 0 -0 -2 
Espage 2 - 0 0 0  1 
WnspOLF -1 -0 0 0 0 
Wnspage 0 0 0 -0 -0 
Wspage 2 -1 0 0 0 

Proponion spawing pspawn -1 -0 0 0 0 

All (incl. priors etc) ALL 10 2 0 0 3 



Table 30: Change in objective function components when (for each of runs 3.1,3.3, and 3.4) pE is forced 
to be 0.28. A negative change for a data set means that this data set fitted better with pE = 0.28. 

Run 
Type Component 3.1 3.2 3.4 
Biomass CRsumbio 4 -4 -3 

CSacous -0 -0 0 
SAautbio 0 0 0 
SAsumbio -0 -0 1 
WCacous -0 -0 -0 

Survey at age CRsumage 5 4 4 
SAautage 1 2 1 
SAsumage 8 11 5 

Catch at age EnspOLF -3 -2 -2 
Enspage 2 1 -0 
Espage 1 1 1 
WnspOLF -1 -1 -1 
Wnspage 1 1 1 
Wspage 1 1 4 

Proportion spawning pspawn -0 -1 1 

Priors &penalties Other -2 -3 -2 
All All 9 8 9 

The final analysis in this section was focussed on the migration and selectivity ogives, and asked 
whether our problem may derive from one or more of these. The analysis was based on the 2002 
assessment run 6.2, and took as its starting point run 3.7, in which all ogives were fixed at the MPD 
estimates from run 6.2, but all other parameters were estimated. From a series of runs intermediate 
between this run (with all ogives fixed) and run 3.2 (all ogives estimated) I conclude that we can get 
plausible estimates of pE and Mavg in run 3.45, where we fix just two ogives (Espmg and Espsl 
[which is the same as Wspsl]) and estimate the rest (Table 31). Run 3.2 estimates much higher values 
of pE and Mavg and is only slightly better in terms of the Akaike Information Criterion (Akaike 1974) 
(the AIC values for the two runs differ only by 0.6). 

Table 31: Results from a series of model ~ n s  based on run 3.2, and which differ only in terns of which 
ogives were estimated and which were fied. Fixed ogives were assigned the values estimated (at the 
MPD) in run 6.2 from the 2002 assessment. Estimated ogives satistied the assumptions associated with 
run 6.2 (see Table 1). 

No. of Objective 
Run Ogives estimated pars function pE Mavg 
3.7 none 63 -242.6 0.40 0.33 
1 Whome 71 -247.3 0.38 0.32 
2 spmg (Espmg & Wspmg) 95 -270.4 0.41 0.37 
3 nspsl (Enspsl & Wnspsl) 69 -250.1 0.39 0.34 
4 spsl (Espsl = Wspsl) 65 -250.4 0.46 0.37 
5 survsl (CRsl & SAsl) 69 -273.3 0.38 0.33 
6 Whome,survsl 77 -277.7 0.37 0.32 
7 Whome,su~sl,nspsl 83 -284.4 0.36 0.32 
8 Whome,survsl,nspsl,Espmg 99 -301.0 0.47 0.39 
3.45 Whome,survsl,nspsl,Wspmg 99 -304.0 0.37 0.33 
10 Whome,su~sl,nspsl,spsl 85 -288.9 0.40 0.35 
11 Whome,survsl,nspsl,Wspmg,spsl 101 -311.6 0.46 0.37 
12 Whome,survsl,nspsl,spmg 115 -320.6 0.49 0.40 
3.2 all 117 -322.3 0.49 0.40 

In run 3.45 the Enspsl, CRsl, and SAsl are all at bounds. A run where these bounds were relaxed was 
much worse (pE = 0.48, Mavg = 0.32, objfn=-328.3). In 3.45, the CRsl and SAsl ogives are identical 



with those in 3.2, and the Enspsl and Wnspsl ogives are very similar to those in 3.2. The difference in 
the Enspsl and Wnspsl ogives is unimportant, because when run 3.45 was rerun with the these ogives 
fixed at the 3.2 estimates there was little difference in the outcome. 
In terms of ogives, the important differences between the "reasonable" 3.45 fit and the "poor" 3.2 fit 
are (Figure 21) that: 
- the W fish move off CR at younger ages for 3.45 
-the fish available to both spawning fisheries are younger for 3.45 

mi ration home .rates-male 

0.8 

0.6 0.6 

0.4 0.4 

0.2 0.2 

0.0 0.0 0.0 
2 4 6 8 2 4 6 8 2 4 6 8 

Age (Y) 
Figure 21: Comparison of ogives in rums 3.45 ('l', black) and 3.2 ('2', grey). The middle and right panel 
in the bottom row show the product of the spawning migration and spawning fishery selectivity ogives for 
the each stock. 



Table 32 shows that the main data set causing the differences between 3.2 and 3.45 is CRsumage. 

Table 32: Changes in objective function, by components, from run 3.2 to run 3.45 (a positive change 
means the fit became worse). 
Type Component Change 
Biomass CRsumbio -5 

CSacous -0 
SAautbio 0 
SAsumbio 1 
WCacous -0 

Survey at age CRsumage 15 
SAautage 2 
SAsumage 8 

Catch at age EnspOLF -I 
Enspage 0 
Espage 6 
WnspOLF -1 
Wnspage 1 
Wspage -2 

Proportion spawningpspawn 0 
Priors & penalties Other -5 
All All 18 

4.3 Seeking a solution to the problem 

In this section I discuss the effects of three methods that the Working Group proposed to avoid the 
problems of implausibly high estimates of pE and Mavg and poor fit to CRsumbio: using a more 
informative prior on pE; upweighting the trawl biomass indices; and fixing M (natural mortality). The 
last two methods were used together with the first. 

The new prior is a scaled beta distribution (see Table 21), which has the same mean and s.d. as the 
transformed-lognormal prior of Smith (2003) (this was generated by asking two people with an 
extensive knowledge of the fishery and hoki research data to specify their prior beliefs about pE in the 
form of quantiles). The beta distribution was used because the transformed lognormal form (in which 
1-pE is lognormal) was not available in CASAL. The beta and lognormal priors are very similar and 
are clearly more informative than the original uniform prior (Figure 22). 

The upweighting of the trawl biomass indices was achieved by using the observation c.v.s of Table 
17, rather than the total c.v.s. The fixed values of M were 0.35 for males and 0.27 for females 
(average values from the 2002 assessment). 

The new prior on pE was used in runs 4 . 1 4 4  (which are the same as runs 3.1-3.4 except for the new 
prior). This reduced the estimate of pE (Table 33) but did not achieve good fits to CRsumbio (Table 
34). Upweighting the trawl indices (together with the new prior) reduced pE even further (middle 
block, Table 33) and also obtained reasonable fits to CRsumbio (middle block, Table 34). However, 
fixing M and using the new prior did not provide good fits to CRsumbio (bottom block, Table 34). 

It may be thought odd that, for the trawl biomass indices, the observation c.v.s were used in the runs 
with upweighted trawl indices, but the total c.v.s were used in calculating the SDNRs in Table 34. 
However, it is the total c.v.s that are believed to best represent the uncertainty in the trawl indices, 
thus it is reasonable to use them in measuring goodness of fit in Table 34. The observation c.v.s, 
which are smaller, are used simply to force a better fit to CRsumbio. 
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Figure 22: Three priors on pE: the original 
uniform prior (used in 2002), the transformed- 
lognormal prior from Smith (2003), and the 
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scaled beta prior used in the assessment 

Table 33: MPD estimates showing the effect of three modifications to runs 3.1-3.4: wing a new prior for 
pE; upweighting the trawl biomass indices; and r i n g  M. 

Run Change - 
4.1 3.1, new prior 
4.2 3.1, new prior 
4.3 3.1, new prior 
4.4 3.1, new prior 

No. of Obj. - B m  & m t d  
van fn. E W  E W PE Mava 

4.15 3.1, new prior, upweight trawl 114 -282.1 413 788 51 22 0.34 0.35 
4.9 3.2, new prior, upweight trawl 117 -276.3 459 863 51 25 0.35 0.36 
4.18 3.3, new prior, upweight trawl 117 -286.6 443 735 49 18 0.38 0.32 
4.20 3.4, new prior, upweight trawl 106 -268.1 475 907 46 27 0.34 0.33 

4.16 3.1, new prior, M fixed 112 -298.7 405 779 67 24 0.34 0.31 
4.17 3.2, new prior, M fixed 115 -292 456 821 64 27 0.36 0.31 
4.19 3.3, new prior, M fixed 115 -306.1 508 749 66 23 0.40 0.31 
4.21 3.4, new prior, M fixed 104 -283.5 501 925 61 33 0.35 0.31 

On the basis of these results the Working Group decided to use the new prior on pE and the 
upweighted trawl indices (but not the fixed M) in final runs. 

Table 35 suggests that the main data sets which are preventing a good fit to CRsumbio in runs 4.1-4.4 
are CRsumage and, to a lesser extent, SAsumage. Both these data sets fit worse when the, trawl data 
are upweighted. Looking at the likelihood components from these data sets in more detail suggests 
that the last 4 years of CRsumage, andthe last year of SAsumage are particularly responsible (Figure 
23). 



Table 34: Goodness of fit of biomass indices, as measured by the SDNR (standard deviation of the 
n o n n a l i  residuals), for the model runs in Table 33. For this table the normalid residuals were 
calculated using the original c.vs (i.e., ignoring changes in c.v.s for npweighting trawl biomass data sets). 

Run CRsumbio SAsumbio SAautbio CSacous WCacous 
4.1 1.45 0.92 0.87 0.86 1.00 
4.2 1.45 1.02 0.86 0.87 0.98 
4.3 1.42 0.93 0.86 0.86 1.01 
4.4 1.32 1.15 0.90 0.85 0.94 

Table 35: Changes in objective function components between runs 4.1-4.4 and the corresponding runs 
with the trawl biomass data upweighted. A positive change for a data set means that npweighting the 
trawl biomass indices made the fit to that data set deteriorate. No values are given for the trawl biomsss 
data sets because the change in c.vs associated with the upweighting would make these misleading. 

Run 
Type Component 4.15 4.9 4.18 4.20 
Biomass CSacous 0 0 0 1 

wcacous 0 0 0 0  

Survey at age CRsumage 13 13 13 9 
SAautage 1 2 1 1 
SAsumage 4 5 3 4 

Catch at age EnspOLF -1 -2 -1 -2 
Enspage 1 1 0 0 
Espage -1 -0 -1 0 
WnspOLF -0 -0 -0 -0 
Wnspage 0 0 0 0  
Wspage -1 -2 -2 0 

Proportion spawning pspawn -0 -0 -0 -0 

Priors & penalties Other -1 -1 -1 0 
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Figure 23: Changes in objective function (by age and year) for data sets CRsumage and SAsumage when 
runs 4.1-4.4 were modified by upweighting the trawl biomass indices (a positive change means that the fit 
became worse). Plotting symbols '1' to '4' refer to runs 4.1 to 4.4. 

4.4 Making final adjustments 

At this stage of the assessment the Working Group had accepted the new prior on pE and the 
upweighting of the trawl biomass indices, but had not yet chosen between the different ogive 
assumptions. Thus, the model runs under consideration were those in the middle block of Table 33 
(i.e, runs 4.15,4.9,4.18, and 4.20). In this section I describe some final adjustments that were made 
to (or considered for) these runs before it was decided which runs to put forward for full Bayesian 
analysis. 

Two adjustments were made to the assumptions concerning YCSs: to estimate the 2001 YCSs (but 
constrain them to be the same for E and W), and to change the range of years defining Ro from 1977- 
2000 to 1977-1998. The effect of these changes is relatively slight (Table 36). 

Table 36: MPD estimates after two adjustments to YCS assumptions (see text for details). 
No. of Objective - B m  &a 

Run Original run pars function E W E W pE Mavg 
4.22 4.15 114 -299.2 517 882 46 23 0.37 0.38 
4.24 4.9 117 -296.1 556 913 46 23 0.38 0.37 
4.26 4.18 117 -303.8 522 795 45 19 0.40 0.35 
4.28 4.20 106 -285.5 561 1015 42 27 0.36 0.35 

The next adjustment considered involved the number of YCSs that are estimated. When the three 
earliest YCSs (1977-79) are not estimated the model's emmates of biomass (both Bo and B,,,) tend 
to decrease, particularly for the E stock (Table 37). Consideration was given to the possibility of 
including one or more of these runs in the final assessment, as a way of covering the range of 
uncertainty. However, it was decided not to do this. The runs of Table 36 estimate strong YCSs in 
the late 1970s (the ratio of the mean 1977-79 YCSs to the mean 1980-2001 YCSs lies in the range 
2.5 to 2.8 for E (over the four model runs) and 1.6 to 1.9 for W) and we have seen good reasons to 
accept these estimates (see Figure 11 and associated text). Thus we have reasons to prefer the runs in 



Table 36 (where these YCSs are estimated), and also an explanation for the difference in biomass 
estimates between these runs and those in Table 37. 

Table 37: MPD estimates showing the effect of not estimating YCSs for 1977-79 for each stock. 
No. of Objective -- fkL!xw &=md 

Run Original run pars function E W E W pE Mavg 
4.23 4.22 108 -279.5 327 863 40 20 0.27 0.29 
4.25 4.24 111 -275.8 347 903 37 21 0.28 0.28 
4.27 4.26 111 -285.3 366 802 41 15 0.31 0.27 
4.29 4.28 100 -267 412 935 39 22 0.31 0.28 

The final adjustment concerns the shift parameters (which allow commercial selectivity ogives to shift 
from year to year). The runs in Table 38 show that it is only for Wspsl that we need a shift parameter. 
Figure 24 illustrates the need for this parameter: mean ages in the Wspage data set are better fitted 
with it than without it. Although the estimated shift parameter for Wspsl (-4.7 in both 4.24 and 4.31) 
produces an unbelievably extreme shift in the ogive we can get almost as good a fit with a value of -2, 
which produces a much less extreme shift (Figure 25). 

Table 38: Effect on the objective function value at the MPD of changing which shift parameters are 
estimated. 
Run Shift parameters estimated Objective function 
4.24 Wnspsl,Wspsl -292.0 
4.30 none -239.8 
4.31 Wspsl -292.0 
- Enspsl,Wnspsl,Espsl,Wspsl -295.5 
4.32 Wspsl=-2 (fixed) -290.2 

run not saved 

Figure 24: Observed ('0') and expected ('E') 
mean age in Wspage for runs 4.31 (black) and 
4.30 (grey). 



Figure 25: Illustration of the effect of the shift parameter for Wspsl in runs 4.31 and 4.32. In each panel 
the broad black line shows the "average" position of the ogive and the grey lines show the ogive positions 
for each year. For clarity, only the ogives for male fmh are shown. 

4.5 Initial MCMC runs 

The Working Group decided to cany out MCMCs for the four runs whose MPD estimates are given 
in Table 39. Runs 5.2 and 5.3 are the;same as runs 4.24 and 4.26 above, except that only one shift 
parameter (for Wspsl) is estimated. Runs 5.5 and 5.7 are variants on run 5.2, the former showing the 
effect of not upweighting the trawl biomass indices, and the latter showing the effect of reverting to 
the original prior on pE. 

Table 39: MPD estimates for the four model runs selected for initial MCMC runs. 
No. of Objective Be ('000 t) A E , d  

Run Associated run pars function E W E  W pE Mavg 
5.2 4.24 (6.2 in 2001) 116 -296.1 556 918 46 23 0.38 0.37 
5.3 4.26 (6.3 in 2001) 116 -303.8 520 796 45 19 0.40 0.35 
5.5 4.24 without trawl upweighting 116 -31 1.7 659 950 62 27 0.41 0.39 
5.7 4.24 with original prior on pE 116 -318.4 703 892 46 24 0.44 0.39 

For the MCMC runs two further changes were made: processerror c.v.s for at-age data were fixed (at 
values given in Table 40) rather than being estimated, and the penalty functions which forced E and 
W YCS strengths to be equal in 1999, 2000, and 2001 were removed (which allows the model to 
estimate the full uncertainty in these YCSs). 

Table 40: Fixed values for process-error c.v.s used in MCMC runs (these are the average of the MPD 
estimates from mns 5.2,5.3, and 5.5). 

Data set Espage Wspage Enspage Wnspage CRsumage SAsumage SAautage 
c.v 0.21 0.33 0.52 0.42 0.54 0.24 0.33 

Only a brief description is given here of these initial MCMC runs because two of them (5.2 and 5.5) 
became final runs and are thus described in detail in Section 5. Table 41 and Figure 26 show how the 
other two runs relate to run 5.2. Run 5.3 is similar to run 5.2 for the E stock but is more pessimistic 
for the W stock. Reverting to the originalprior on pE in run 5.7 has little effect on W biomass but 
produces a higher biomass trajectory for the E stock and a posterior distribution for pE which is well 



to the right of the new prior (Figure 26). [Full details of all four initial MCMC runs were given by 
Francis (2003b)l. 

Table 41: Estimates of biomass and natural mortality for three initial MCMC runs (median of marginal 
posteriors, with 95% confidence intervals in parentheses). B-, is the biomass in mid-season 2002-03. 

B, f '000 t) BCYm(%Bo) Natural mortalitv (v-') 
Run label E W E W Male Female 

000 
E B i m s s  ('OM) 1)  

- 5.2 
200, 

W Biomass ('WO 1) 

Figure 26: Comparison of three initial MCMC runs (5.2,5.3, and 5.7). The left two panels show median 
biomass trajectories; the right panel shows posterior distributions for pE (black lines) and the new prior 
for this parameter (grey line) (this prior was used in runs 5.2 and 5.3, but not in 5.7). 

5. FINAL ASSESSMENT RESULTS 

The Working Group decided on three final runs, which all used the ogive assumptions from the 2002 
run 6.2 (see Table 1) and differ only in the weight given to the trawl and acoustic biomass indices. 
This section presents MPD results, MCMC results, and then forward projections based on these three 
runs. 

5.1 MPD results and diagnostics 

The MPD estimates for the three final runs are given in Table 42. For the at-age data, quantile- 
quantile plots are reasonably well behaved (Figure 27), and the fits are very similar for the three runs 
(Figures 28.29) 

Table 42: MPD estimates for the three final runs. 
No. of Objective B, ('000 t) 

Run Data weighting pars function E W E W pE Mavg 
5.5 original 116 -311.7 659 950 62 27 0.41 0.39 
5.2 upweight trawl 116 -296.1 556 918 46 23 0.38 0.37 
5.8 upweight trawl and acoustics 116 -185.4 523 948 47 32 0.36 0.35 
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Figure 27: Quantile-quantile plots for &e normalised miduals of all at-age data for the MPD fits for 
each of the three final model runs If tl$e assumed error distributions and c.v.s were correct, then the 
plotted points would lie close to the diagonal lines. The convex lines for CRsumage indicate that the 
assumed lognormal error distribution was too skewed; the eoncave lines for Espage suggest the opposite 
for this data set 



Figure 28: Observed (Lx') and estimated (Lines) proportions at age (sexes combined) for all at-age data 
sets at the MPD fits of the three final ~ n s ,  5.5 (solid Lines), 5.2 (dotted lines), and 5.8 (broken lines). 
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Figure 29: Plots of normalised residu* against age for the four largest at-age data sets and all three 
final model ~ n s  (MPD fits). Large residuals are truncated at + 3 and tmncated points are plotted as '+'. 
Lines show the median normaliked residual at each age by sex (black line for males, grey Line for females). 



5.2 MCMC estimates 

Estimated exploitation rates were always much 

For each run, three chains of length 2 million (with starting points randomly displaced from the MPD) 
were completed, the initial 10% of each chain was discarded, and the remaining samples were thinned 
by a factor of 1000. 

less than the maximum allowed in the non- 0,7- 
spawning fisheries (maximum estimated was 
0.061, compared to 0.3, the maximum allowed), 
and in Esp (0.18 compared to 0.67). Only in the O.e 
Wsp fishery did the estimated rates approach the 
maximum allowed (Figure 30). 
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Figure 30: Estimated exploitation rates in the Wsp 

Three tests were used to judge the convergence of MCMC chains. Two of the tests were designed for 
single chains (Heidelberger & Welch 1983, Geweke 1992) and one for multiple chains (Gelman & 
Rubin 1992). The Geweke test uses a Z statistic to compare the mean parameter values in the first 
10% and final 50% of the chain. The test was deemed to have been passed if no significant difference 
was found between the two means (using a significance level of 0.05). The Heidelberger & Welch 
test uses the Cramer-von-Mises statistic to test for stationarity (again, with a significance level of 
0.05). If significant non-stationarity is found, the test is repeated after discarding the first 10% of the 
chain. This process continues until the chain passes the test or more than 50% of the chain is 
discarded. The multiple-chain test of Gelman and Rubin is based on a comparison of within- and 
between+hain variance in the second 50% of each chain. This comparison is used to calculate a 
corrected potential scale-reduction factor (CPSRF) - the multiplicative factor by which the 
sampling-based estimate of the scale parameter of the marginal posterior might be reduced if the 
chains were run to infinity. The test was deemed to have been passed if the 0.975 quantile of the 
CPSRF was not greater than 1.2. 
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All three tests was applied separately to each model parameter, and also to selected groups of derived 
parameters: BOs (E and W), all YCSs (1977 to 2001, E and W), and all SSBs (1972 to 2003, E and 
W). All calculations used the Bayesian Analysis Output (BOA) software (http://www.public- 
health.uiowa.edulBOA) and its associated default parameter values. 

fihery in the MPD fits for the three final NN, 5.5, 
5.2, and 5.8. 



The test results (Table 43) suggest that convergence was best for run 5.2, slightly worse for run 5.5, 
and markedly worse for run 5.8. Results were always poor for selectivity parameters, but much better 
for the derived parameters (BO, SSB, and YCS). An informal way of evaluating convergence is to 
compare probability distributions for key parameters from the three chains for each Nn (Figure 31). 

Table 43: Results from convergence tests (proportions of tests passed for each parameter or group of 
parameters) for the MCMC runs. There are two sets of results for each run: first for model parameters, 
and then 10; the derived parameters, BOs, SSBs, and YCSs. 
Run ~arameter(s)- 
5.5 BO-prop-stock1 (=pE) 

logB0-total 
natural-mortality,avg 
natural-mortality.diff 
migration 
selectivity 

BOs 
SSBs 
YCSs 

5.2 BO-prop-stock1 (=pE) 
log_BO-total 
natural-mortality .avg 
natural-mortality.diff 
migration 
selectivity 

BOs 
SSBs 
YCSs 

5.8 BO-prop-stock1 (=pE) 
logB0-total 
natural-monality.avg 
naturaLmortality.diff 
migration 
selectivity 

BOs 
SSBs 
YCSs 

Heidelberger &Welch 
1 .00 
1.00 
0.00 
1.00 
0.60 
0.20 

Gelman & Rubin 
1.00 
1 .oo 
0.00 
1 .OO 
0.87 
0.27 

The remaining results in this section are based on posterior samples of size 1000 for each run, which 
were obtained by concatenating the three chains from each run (after discarding the initial 10%) and 
thinning by a factor of 5.4. 

Estimates of key parameters are given in Table 44; YCS and SSB trajectories are shown in Figures 32 
and 33; and biomass distributions in Figure 34. Figure 35 compares marginal posterior distributions 
with the corresponding prior distributions for selected parameters. Estimated ogives are given in 
Figures 3 6 3 8 ,  and the fits to the biomass indices are plotted in Figure 39, with goodness of fit in 
Table 45. 

There are some things on which all model runs agree. They all show that the W stock is at its lowest 
point ever, is currently more depleted than the E stock, and is likely to have had below average 
recruitment in the last seven years. There is also reasonable agreement on estimates of year-class 
strengths, with the notable exception that, for the W stock, run 5.5 produces estimates that are 
markedly more optimistic in recent years and slightly more pessimistic in earlier years. 



Table 44: Estimates of biomass and natural mortality for the three final runs (median of mar~nal  - 
posteriors, with 95% confidence intervals in parentheses). B- is the biomass in mid-season 2002-03. 

B - m  B, 2-&&J 
Run E W E W E W 

Natural mortality (v.') 
Run Male Female 
5.5 0.40(0.36,0.43) 0.30(0.27,0.34) 
5.2 0.38(0.34,0.42) 0.29(0.25,0.33) 
5.8 0.37(0.34,0.41) 0.28(0.25,0.31) 

Table 45: Goodness of fit to biomass indices, as measured by median SDNR (standard deviation of the 
nonnalised residuals), for the three final model rnns. For this table the normalid residuals were 
calculated using the original c.v.s (i.e., ignoring changes in c.v.s for upweighting biomass data sets). 

Run CRsumbio SAsumbio SAautbio CSacous WCacous 
5.5 1.32 0.85 0.96 0.85 1.02 
5.2 0.89 0.76 0.96 0.94 1.00 
5.8 0.89 1.01 0.85 0.90 0.79 

Similarities between runs differ by stock. For the E stock, runs 5.2 and 5.8 are in good agreement, 
showing the stock declining consistently since the early 1990s, and currently at about 50 %Bh 
whereas run 5.5 estimates a higher biomass and shows the stock increasing since 1999. However, for 
the W stock, runs 5.5 and 5.2 are in closest agreement, estimating very similar biomass trajectories, 
whereas run 5.8 is somewhat more optimistic (although indicating a broadly similar trajectory). 
These patterns of similarity can also be seen in the way the runs fit the biomass indices. Runs 5.2 and 
5.8 fit the (partly) eastern index, CRsumbio, well, whereas run 5.5 does not. Runs 5.5 and 5.2 are 
comparable in their fits to the main western indices (SAsumbio and WCacous), whereas run 5.8 fits 
WCacous better than them, and SAsumbio worse. 

A comparison between runs 5.2 and 5.8 suggests that the indices SAsumbio and WCacous are 
somewhat contradictory. The extra weight given to the acoustic indices in 5.8 improves the fit to 
WCacous at the cost of degrading the fit to SAsumbio (Table 45 and Figure 39). There is no such 
tradeoff for the eastern indices: the fit to CRsumbio deosn not degrade between runs 5.2 and 5.8. 

Although there is uncertainty about all three model runs, there are some grounds for prefening run 5.2 
over the other two. First, run 5.5 shows a poor fit to CRsumbio, our best series of biomass indices. 
Second, it is a cause for some concern when the posterior distribution of a parameter is right at the 
edge of the corresponding prior. For run 5.5, this is the case for pE and the CRsumbio catchabiiity; 
for run 5.8 it is the case for the SAautbio catchability (and, to a lesser extent, the SAsumbio 
catchability). 



Figure 31: Cumulative probability distributions for Bo and B- for all MCMC chains. Each panel 
contains distributions for three chains from the same model NU. 
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Figure 32: Estimated year-flass strengths from the three fmal MCMC runs The left and middle 
columns of panels show medians (black lines) and 95% confidence intervals (grey lines) by run for E (left 
panels) and W (middle panels). The two right panels show medians only for E (upper) and W (lower). 
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Figure 33: Estimated spawning-biomass trajectories from the three final MCMC NUS. The left and 
middle columns of panels show medians (black lines) and 95% confidence intervals (grey lines) by run for 
E (left panels) and W (middle panels). The two right panels show medians only for E (upper) and W 
(lower). 



Figure 34: Estimated posterior distributions of virgin biomass (Bh left panels) and current biomass 
(right panels) for the E and W stocks from the three final MCMC NIBS. 



Figure 35: Prior (grey lines) and estimated posterior (black lines) distributions for natural mortality, pE 
(proportion of Bo in E stock), and survey catchahiities (acoustic and trawl) for each of the three final 
MCMC runs. 
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Figure 36: Selectivity ogives estimated in each of the three final MCMC ~ n s  Solid lines are medians, 
broken lines show 95% confidence intervals. All ogives are size-based. Confidence intervals include 
ogive variation due to time step, sex, and stock, as well as within-posterior variation. 
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Figure 37: Migration ogives estimated in each of the three final MCMC runs. Solid lines are medians, 
broken lines show 95% confidence intervals. AU ogives are age-based. 
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Figure 38: Derived ogives estimated in each of the three final MCMC runs. Solid lines are m e d i w  
broken lines show 95% confidence intervals; where both black and grey lines are shown in the same 
panel these are for males and females, respectively. See Section 33  for descriptions of these ogives 
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Figure 39: Fits to biomass indices in the three final MCMC runs. The observed indices are plotted as 
'0'; sotid tines are medians, and broken lines show 95% confidence intervals, for the posterior 
distributions. 



5.3 Projections 

Thirty-six sets of five-year projections were carried out, covering all combinations of: 

-the three model runs, 5.5,5.2, and 5.8, 
-four levels of TACC, 220 000 t, 200 000 t, 180 000 t, and 160 000 t, 
-three ways of splitting the catch - pW = 0.65, 0.5, and 0.35 (where pW is the proportion of 

the TACC that is caught in the western fisheries, WC and SA). 

In all cases the catch split between the spawning and non-spawning fisheries in future years was 
assumed to be the same as it was in 200142. 

Two performance measures were calculated for each year in each stock: Bmed, the median spawning 
biomass in each year (expressed as a percentage of Bo), and Prisk, the proportion of the time the 
biomass fell below 20 %Bo in each year. 

Some patterns occurred in all projections and these are illustrated in Figure 40. For the W stock, 
Bmed always dropped initially and then rose, and Prisk did the opposite (rose initially then dropped). 
There was no consistent trend in Bmed for the E stock. Whether this rose then fell, or vice versa, 
depended on the model run, the TACC, and the catch split. However, Prisk was always low for this 
stock (it was very often (83% of the time) zero, and never exceeded 0.07), and almost always lower 
than for the W stock. 

In these projections, uncertainty increases the further we go into the future. For example, there is 
good reason to believe that the W stock biomass will decrease in the next few years (at least under the 
range of catches considered here) because of the recent poor recmitment. However, it is less certain 
that it will start to rebuild after a few years. Whether this rebuild is likely to occur depends on the 
reason behind the poor recruitment for this stock in recent years. If it occurred by chance, as part of a 
random year-to-year fluctuation in recruitment (which could have caused the similar spell of poor 
recruitment in the E stock in the early 1980s), then a rebuild seems likely, although when this would 
occur is unpredictable. If, on the other hand, the low recruitment was due to a persistent change in the 
environment, the rebuild is less likely. Because they were unable to choose between these two 
possibilities the Working Group decided to present performance measures for 2005, the year in which 
the W stock is typically at its lowest in the projections. Table 46 shows how these performance 
measures vary, depending on the model run, the catch split, and the TACC. 

Table 46: Performance measures from the projeetions The projections were carried out for all 
combinations of three model runs (5.5., 5.2, and 5.8), four levels of TACC (220 000,200 000,180 000,160 
OOO), and three catch splits (W65:E35, W50:E50, W35:E65). Bmed(2005) is the median biomass in 2005; 
Prisk(2005) is the estimated probability the biomass will fall below 20 %Bo in 2005. 

Measure Run Stock catch s~l i t  = W65:E35 catch s~l i t  = W50:E50 catch s~l i t  = W35:E65 
220 200 180 160 220 200 180 160 220 200 180 160 



Year 
Figure 40: Illustration of the projections showing the results for runs 5.5,5.2, and 5.8 of projections with 
a TACC of 200 000 t and a WSO:E50 catch split The upper panels show the median biomass, Bmed, by 
year; lower panels show Prisk (the proportion of years in which the biomass falls below 20 %Bo) by year. 
Years are f~hing years (2003 = 2002-03). 

6. DISCUSSION 

The existence of two genetic stocks within HOK 1, which co-occur in one of the four fishing grounds, 
makes this fishstock particularly difficult to assess. Although there are many data sets available, each 
concerns only a part of the fi shstock, and none can be used without first making a complex set of 
assumptions concerning the movement of fish between the four fishing grounds and the selectivity 
associated with the data set. For some data sets we have reasonable estimates of observation error 
(which measures the likely difference between the observed and true values) but determining the size 
of process error (which measures the likely difference between true quantities and their values in the 
assessment model) is much more difficult. 

Finding the best set of model assumptions is always a compromise, and the more complex the model, 
the more difficult the compromise. The assumptions must be sufficiently complex to account for 
major patterns in the data. For example, the assumed migration of young fish from CR to SA is 
needed to account for catches being dominated by younger fish in the former area and older fish in the 
latter. But these assumptions should not be so complicated as to compromise our ability to draw 
inferences. In reality, fishing selectivity certainly varies from year to year, and sometimes quite 
substantially, but to allow free variation of this selectivity within the model would introduce many 
new parameters (that would not be well estimated), and would compromise our ability to estimate 
year-class strengths. 

Although some progress has been made this year, there is still some way to go in the search for the 
best model (i.e., the best set of assumptions) for hoki. Our attempt, in Section 4.2, to explain why 
initial model runs were unsatisfactory has increased our understanding by showing how poorly 
determined pE and Mavg are, and how many assumptions and data sets can affect the estimates of 
these parameters. The realisation (Section 2.4) that it was not necessary to reduce the maximum age 
for otolith-based data as low as 10 (as was done in 2002) is a step forward, but it seems clear that 



there is still more work to be done on this topic, including finding a way to use a plus group with 
these data sets, and thus avoid discarding data. 

One difficulty is deciding what should be done when there is conflict within the model. There are two 
ways in which this conflict might be manifest. The posterior distribution of a parameter might appear 
to be in conflict with the prior. (This is effectively what was happening when the Working Group 
decided that some estimates initial runs were implausible - see Section 4.1 - although the conflict 
there was between an MPD estimate and an unspecified prior belief which was narrower than the 
prior distribution that was formally used.) One approach to this conflict is simply to say "the data 
have spoken" and they have shown that the prior belief was wrong. From this point of view there is 
no need to wony about the apparent conflict. The problem is that this approach ignores the fact that 
the data can "speak" only within the context of the model's structural assumptions. It is quite possible 
that some acceptable modification to these assumptions could remove the conflict. For example, the 
analyses in Section 7.3 show that changing the assumptions to allow agedependent natural mortality 
certainly reduces this conflict. 

The other type of conflict is between data sets, as occurs when a model is unable to fit all data sets 
adequately. This could be taken as evidence of a problem with the data. In a simple case, with just 
two data sets, we might respond by saying that at least one of these data sets is faulty in some way, 
and that we should do two model runs, each using just one data set, and say that the truth lies 
somewhere within the range encompassed by the results from these runs. We could have taken this 
approach when we found that our model was not fitting CRsumbio well. However, this type of 
conflict between data sets does not necessarily mean that some of the data are faulty. An alternative 
explanation is that one or more of our model assumptions are wrong, and that when this is corrected 
the conflict will disappear. The approach that was taken in this assessment in response to a poor fit to 
CRsumbio (i.e., upweighting the trawl indices) was not ideal because it involved using an assumption 
(that the trawl survey biomass indices have no process error) is fairly certainly wrong (Francis et al. 
2003b). However, it seemed the best approach to take in the circumstances, given our belief in the 
quality of CRsumbio (which was indicating a stronger biomass decline than the model), and given 
that it seemed plausible that there was some modification of model assumptions that we had not yet 
found that would remove this lack of fit and still be acceptable. 

In retrospect, I believe that the uncertainty associated with this assessment is wider than is spanned by 
the three final model runs. However, I acknowledge that it is difficult to choose a set of runs that 
appropriately spans the uncertainty, particularly given the number of unresolved issues in this 
assessment, the time frame of the assessment, limits on the number of runs that can be included, and 
the way in which decisions are made in a Working Group. 

6.1 Comparison with previous assessments 

There has been a marked change in the perceived status of the E and W stocks over the last three 
assessments. In 2001, the E stock was believed to be more depleted than the W in all runs, with 
Bzml lying between 15 and 38 %Bo (Cordue 2001). In the 2002 assessment, the E stock was more 
depleted than the W in only three of five runs, and neither stock was strongly depleted (Bzmlm lay 
between 30 and 48 %Bo for E, and 36 and 56 %Bo for W) (Francis et al. 2003a). Now, in the present 
assessment, the E stock is estimated to be less depleted than the W, which is between 25 and 32 %Bo. 
It is reasonable to ask to what we can conclude from this change in perception. In particular, does it 
suggest that there are parts of the current assessment that are less certain than others? 

A plot of comparable biomass estimates from the three assessments (Figure 41) allows us to evaluate 
the consistency of the three assessments in four different ways. We can compare, for each stock, 
estimates of both Bo and depletion (expressed as recent biomass as a percentage of Bo). Amongst 
these four comparisons, consistency is greatest for the depletion of the W stock. There is substantial 
overlap in the confidence intervals for BZWl and also for BZW2 Consistency is least for BO of the E 



stock, where the current confidence intervals are typically completely to the right of those for 2001 
and 2002 (although there is some overlap with tuns Inter and HighM from 2001). Overall, there is 
more consistency for the W stock than for the E stock, and also more for depletion than for Bo. 

I conclude that we may have more confidence in the current assessment of the W stock than of the E 
stock, and that we may be more confident about the estimated depletion of the stocks than about their 
absolute size. 

6.2 Status of the stocks 

For the W stock, current biomass is estimated to be 25 to 35 %Bb and recent recruitment has been 
poor. Continued fishing at recent catch levels is likely to deplete this stock further. The status of this 
stock seems relatively well determined. 

For the E stock, current biomass is estimated to be near 50 %Bo, or greater, and unlikely to be 
substantially depleted by continued fishing at recent catch levels. However, the size and status of this 
stock are not well determined. 

7. SOME POST-ASSESSMENT RESULTS 

In this section I report some additional analyses that were suggested by the Working Group but 
carried out after the assessment. These' shed further light on the assessment, and will be of use in the 
2004 assessment, but are presented separately because they were completed too late to affect the 
assessment or Working Group Report for 2003. 

7.1 Modifying the form of the Chatham Rise survey data 

In all above tuns the data from the CR summer survey entered the model as two data sets: proportions 
at age and sex (CRsumage), and biomass indices (CRsumbio). Following a suggestion from the 
Working Group, an alternative way of presenting the data to CASAL was considered, which was 
intended to give CASAL more direct information about the relative sizes of year classes. Starting 
from tun 5.5, the following changes were made: CRsumage was restricted to ages 3 to 12 (but 
proportions were scaled to sum to 1 for each year), and a new data set, CRsumnum, containing 
relative numbers at ages 1 and 2 (Table 47) was added. The CRsumbio data were not modified 
(although it might seem sensible to reduce these biomasses by excluding contributions from ages 1 
and 2, this was not done because of the difficulty of forcing the size-based selectivity for this survey 
to be zero at ages 1 and 2). 

Two decisions were necessary with regard to the CRsumnum data: whether its process-error C.V. 

(estimated by CASAL) should be forced to be the same as for CRsumage; and whether to allow it to 
have a separate catchability, or force this to be the same as for CRsumbio. Four runs were done (6.1- 
6.4) to cover all combinations of outcomes for these decisions. 

Although the estimated processerror c.v.s for CRsumage and CRsumnum were quite different (0.37 
and 0.55, respectively, in both runs 6.2 and 6.4) there was no significant degradation in fit when the 
two c.v.s were constrained to be equal, rather than being estimated separately (Table 48, compare 6.1 
vs 6.2, and 6.3 vs 6.4). However, a significantly better fit was obtained with separate catchabilities 
for CRsumbio and CRsumnum rather than with a common catchability (Table 48, compare 6.1 vs 6.3, 
and 6.2 vs 6.4). These results suggest that run 6.3 is the best of the four new tuns to compare with run 
5.5. In the remainder of this section I will first consider that comparison and then discuss why the 
estimated catchabilities for CRsumbio and CRsumnum should be different. 
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Figure 41: Comparison of biomass estimates ('x'), with associated confidence intervals (horizontal lines), 
from the last three assessments. The top two panels compare estimates of Bo from all final runs in the 
assessments from 2001,2002, and W 3 .  In the other panels estimates of biomsss in the lid year of the 
ZOO1 (middle panels) and 2002 (bottom panels) asesments are compared with estimates from the current 
assessment. Intervals show 99% confidence for the 2001 assessment and 95% for the other two. 



Table 47: Numbers at ages 1 and 2 (thousands), by sex and year (with observation-error c.v.s in 
parentheses), in the data set CRsumnum used in runs 6.1 - 6.4. C.v.s were calculated by bootstrapping 
the survey data. 

Aee 1 Aee 2 
male female male female 

1992 5 798 (0.30) 6 543 (0.27) 3 742 (0.37) 4 188 (0.24) 
1993 85 241 (0.33) 84 505 (0.33) I 570 (0.63) 2 829 (0.79) 
1994 43 430 (0.21) 41 346 (0.20) 48 432 (0.21) 50 188 (0.19) 
1995 17798(0.19) I8831(0.19) 49303(0.15) 50048(0.14) 
1996 71 168 (0.14) 69 697 (0.13) 25 271 (0.18) 19 365 (0.19) 
1997 10260 (0.59) 10466 (0.56) 91 719 (0.15) 89 806 (0.14) 
1998 11 096 (0.29) 11 542 (0.27) 8 308 (0.25) 6 844 (0.25) 
1999 37 912 (0.37) 34 649 (0.35) 16 692 (0.22) 12 713 (0.22) 
2000 41 408 (0.29) 38 123 (0.28) 27 954 (0.22) 3 1 028 (0.21) 
2001 815 (0.64) 961 (0.59) 26 724 (0.19) 25 025 (0.14) 
2002 31 417 (0.25) 42 979 (0.29) 1 481 (0.72) 1453 (0.56) 
2003 9 645 (0.42) 9 638 (0.44) 27 023 (0.18) 27 884 (0.15) 

The changes in the form of the Chatham Rise survey data reduced estimates of Bo (by 15% for E and 
10% for W) and Mavg (from 0.39 to 0.34) but had little effect on pE (Table 48). For the E stock, 
there was a substantial shift in estimated YCSs, with higher values in most years between 1985 and 
1999, and lower values before and after that period (Figure 42, left panel). Consequently, the 
estimated current status for this stock was little changed (from 62 to 63 %Bo) For the W stock, 
changes in estimated YCSs were small, except in 2000 and 2001 (Figure 42, middle panel), so the 
reduction in Bo caused a corresponding deterioration in current status (from 27 to 21 %Bo). The fit to 
CRsumbro was slightly improved (the SDNR decreased from 1.20 to 1.13) because the low 
recruitment in 2000 and 2001 decreased the expected biomass in 2002 and 2003 (Figure 42, right 
panel). 

Table 48: MPD estimates showing the effect of modifying the form of the Chatham Rise survey data. The 
first two columns show what decisions were made in each run concerning the data set CRsumnum 

Process-error Catchability 
C.V. same as same as for No. of Objective Be ('000 t) hA&Bd 

Run for CRsumage CRsumbio pars' function E W E  W  pE Mavg 
5.5 - - 121 -311.7 659 950 62 27 0.41 0.39 
6.1 Y Y 121 -334.1 611 916 66 24 0.40 0.36 
6.2 N Y 122 -335.7 602 903 64 24 0.40 0.36 
6.3 Y N 122 -340.2 561 858 63 21 0.40 0.34 
6.4 N N 123 -341.1 554 853 63 21 0.39 0.34 
' Includes catchability coefficients 

It was expected that, if this new way of using the CRsum data in the model was an improvement, this 
would be seen in better fits to the other at-age data. However, these fits showed no appreciable 
change. The SDNRs decreased slightly for some data sets, and increased slightly for others (to ensure 
comparability all SDNRs were calculated using the processerror c.v.s estimated in run 5.5). . 

Now turning to the question of catchabilities. It was surprising that the fit should be improved so 
much when separate catchabilities were allowed for CRsumnum and CRsumbio. Data coming from 
the same surveys should imply the sake catchability. That they didn't suggests that the relationship 
between numbers of fish and biomass in the model is significantly different to that in the trawl survey 
analysis program (where the CRsumbio biomasses were calculated). This difference must be quite 
substantial because the CRsumnum catchability estimated in run 6.3 was 35% higher than that for 
CRsumbio. To explore the reasons fo'r this difference I tried converting the numbers-at-age data (for 
ages 1 to 13+) from the CRsum surveys to biomasses using a variety of different methods and then 
comparing the results with the CRsumbio biomasses. In all cases the conversion involved first 
calculating mean lengths by age and sex, then converting these mean lengths to mean weights using a 



length-weight relationship, then multiplying these mean weights by the corresponding numbers of fish 
from CRsumnum, and finally summing across all ages and sexes to get a biomass. 

Fits to CRsumbio 

Figure 42: Selected comparisons between runs 5.5 and 63. The left and middle panels compare 
estimated YCSs (the 6 3  estimate divided by the 55  estimate is plotted against year); the right panel 
compares fits to CRsumbio (LO' indicates the observed values and the lines show the expected values). 

The approaches I investigated differed in their method of calculating mean lengths at age and in their 
chosen length-weight relationships (Table 49). The approach used in CASAL is a mixture of methods 
E and W (in CASAL, numbers at age are split by stock). None of the methods is exactly equivalent to 
that used by the trawl survey analysis program because this program calculated biomasses directly 
(without any reference to age), rather than from numbers at age. However, method C should be the 
closest since it is based on individual survey data, whereas all other methods have some parameters in 
common across all surveys. 

Table 49: Five methods of converting numbers of f i  from CRsum surveys to biomasses For methods E 
and W an age fraction of 0.6 was used (e.g., 3+ f i h  were treated as being age 3.6) as specified in Table 12. 
Method Calculating mean length at age and sex Length-weight relationships 
E E stock von Bertalanffy curves from Table 16 from Table 16 
W W stock von Bertalanffy curves from Table 16 from Table 16 
A mean lengths from age-length data liom all surveys from Table 16 
B mean lengths from age-length data from all surveys from individual surveys 
C '  von Bertalanffy curves from individual surveys from individual surveys 

The results of these calculations (Figure 43) go some way to explaining the difference in estimated 
catchabilities, and raise another important point. That methods E and W produced biomass estimates 
that were, on average, greater than those in CRsumbio explains why the catchability for CRsumnum 
was greater than that for CRsumbio (the expected difference would not be as great as the 35% quoted 
above, but this is presumably because CRsurnnum used only ages 1 and 2, but ages 1 to 13+ were 
used, necessarily, in Figure 43). That methods E, W, A, and B produced broadly similar results, 
which differed from method C, suggests that the problem lies in the calculation of mean lengths at 
age, rather than in the length-weight relationship. Why method C produces biomasses that are 
consistently greater than those in CRsumbio remains a mystery, but it is reassuring that this method 
shows no trend with time. In contrast, all other methods show a clear downward trend in Figure 43, 



and this is of importance. This trend is consistent with an increase in mean length at age over time. 
Such an increase has been documented by Livingston et al (2000). who found a steady increase in 
growth rates in all areas such that the 1996 cohort was approximately 8% longer than the 1982 cohort 
at the same age. 

It may be desirable to incorporate this trend in growth rates in the next assessment. With the current 
assumption of time-invariant growth the CRsumbio data set will cause the model to underestimate 
the decline in numbers at age in CR, whereas if this survey data were entered as numbers at age it 
would overestimate the decline in biomass. It is unclear which is the lesser of the two evils. Because 
CASAL's mechanism for tracking population changes is based on numbers at age it might seem best 
to enter these data as numbers (but see' section 6.3 of Francis et al. (2003a) for a counter-argument). 
On the other hand, we judge current status in terms of biomass (current biomass as a percentage of 
Bo), which argues in favour of biomass data. Whether it is advisable to introduce time-varying 
growth in the 2004 assessment will depend on 
how well we can estimate growth for years in 
which we have data and how we are able to deal 
with years for which there are no data. 1.3 

Figure 43: Comparison of CRsum biomass 1 .o 

estimated calculated from numbem-at-age data 
with those in CRsumbio. Each line corresponds 
to one of the calculation methods of Table 49 (the 
plotting symbol identifies the method) and the 
vertical axis shows biomases calculated by this 
method divided by those from CRsumbio. 
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7.2 Estimating all YCSs 

In this section I explore the effect of freeing the first seven YCSs (for 1970 to 1976) in an MCMC run 
(in all the assessment final runs these YCSs were always fixed to 1 because the observations contain 
little or no information about them). Run 5.2allYCS is the same as run 5.2 except for this change. 

This change did not affect the conclusion that the W stock was more depleted than the E stock, and it 
made little difference to the estimates.of YCSs or natural mortality, hut it did reduce estimates of E 
biomass (slightly) and increase estimat'es of W biomass (more substantially) (Table 50, Figure 44). A 
consequence of the changes in estimated biomass was that the posterior distributions of pE and those 
catchabilities associated with W fjsh (WCacous, SAsum, SAaut) shifted downwards, and 
catchabilities associated with E fish (CSacous, CRsum) shifted upwards (Figure 45). Goodness of fit 
to biomass indices (as measured by median SDNRs - not shown) was not changed significantly. 
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Figure 44: Comparison of estimated YCS (upper panels) and spawning-biomass trajectories (lower 
panels) from MCMC runs 5.2 (solid lines) and 5.2dYCS (broken lines). Black lines indicate medians; 
grey lines are 95% confidence bounds. 



Figure 45: Prior (grey Lines) and estimated posterior (black lines) distributions for pE (proportion of Ba in 
E stock) and survey catchabilities for tuns 5.2 and 5.2allYCS. 

Table 50: Estimates of biomass and natural mortalitv (median of mareinal oosteriors. with 95% . . - 
confidence intervals in parentheses) for tuns 5.2 and 5.2allYCS. B- is the biomass in mid-season 
2002-03. 

Run 

Natural mortalitv (i') 
Run Male Female 
5.2 0.38(0.34,0.42) 0.29(0.25,0.33) 
5.2allYCS 0.38(0.33,0.42) 0.28(0.23,0.32) 



7.3 Age-dependent natural mortality 

Run 6.5 explores the effect of allowing natural mortality to vary with age. For this run, two age-based 
ogives were estimated: one describing the average M for the two sexes, and the other describing the 
difference between male and female M. Both ogives were "free", meaning that 13 parameters were 
estimated (one for each age from 1 to 13) for each ogive. The prior distributions and bounds assumed 
for each ogive were age-invariant and the same as for all previous runs. All other assumptions for run 
6.5 were the same as for run 5.5. 

The change in assumptions about M caused 0.5 

estimates of both Mavg and pE to drop markedly, 
and estimates of both Bo and B-, also dropped 
(Table 51). Estimated ogives for M showed 
opposite trends for males (where M increased and 0.4 
then decreased with increasing and age) and 
females (where it decreased and then increased) 
(Figure 46). Estimated biomass trajectories were 
much lower than for run 5.5 but showed similar 00.3 
trends, though with weaker fluctuations; the $ 
pattern of strong and weak YCSs was not much - 
changed but estimated YCSs were lower in the 2 - 
earlier years and higher in the later years (Figure 2 0,2 
47). The fits to biomass and at-aee data sets. as 
indicated by SDNRs (not shown? and residual 
plots (Figure 48), were not much changed. 

Figure 46: Estimated age-dependent natural 
mortality from run 6.5 for males (black line) and 
females (grey line). The age-independent estimates 
from run 5.5 are show (as horizontal lines) for 
comparison. 

Table 51: MPD estimates showing the effect of allowing age-dependent natural mortality. 
No. of Objective Bn ('000 t) 

Run Natural mortality pars function E W E W pE Mavg 
5.5 age-independent 116 -311.7 659 950 62 27 0.41 0.39 
6.5 age-dependent 140 -314.5 417 777 51 17 0.35 0.28 

The changes in selectivity and migration ogives between runs 5.5 and 6.5 (Figure 49) can be largely 
explained by the reductions in pE and Bo. To preserve the balance of E and W fish in CR the W fish 
migrate to SA at an earlier age and the CRsl reduces the catch of older fish. The reduction of E 
biomass is compensated by an increase in the E spawning migration. 

On the basis of this initial work further exploration of age-dependent M seems warranted. 
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Figure 47: Comparison of MPD estimates of SSB (top panels) and YCS (middle and bottom panels) for 
runs 5.5 (age-independent M) and 6 5  (age-dependent M). 



Figure 48: nlustration of the similarity, for runs 5.5 and 6.5, of residual plots for at-age data. 
Normalised residuals are plotted against age for CRsumage. Large residuals are truncated at + 3 and 
truncated points are plotted as '+'. Lines show the median n o d i  residual at  each age by sex (black 
tine for males, grey line for females). Analogous plots for the other at-age data sets showed strong 
similarities between runs 55 and 6.5. 
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Figure 49: Comparison of estimated selectivities (plotted as functions of length) and migrations (plotted 
against age) for runs 5.5 and 65. 



7.4 Influence of at-age data sets 

This section explores the influence of the at-age data sets on the assessment, and uses run 5.5 as a 
base for comparison (i.e., all runs in this section are modifications of run 5.5). 

In each of the first group of runs (6.6 to 6.1 1) one of the at-age data sets (or sometimes two related 
data sets) was omitted. The only data sets which had a substantial effect are as follows 

-dropping Espage increased Bcumnt~ 
-dropping CRsumage decreased Bcmn5E, BcvnenLw, and Mavg 
-dropping SAsumage and SAautage decreased BNnmLE, pE, and Mavg (Table 52). 

Table 52: MPD estimates showing the effect of dropping selected at-age data sets. Substantial changes 
from run 5.5 are highlighted. 

No. of Objective Bn ('000 t) 
Run Dropped data set@) pars function E W E W pE Mavg 
5.5 none 116 -311.7 659 950 62 27 0.41 0.39 
6.6 Espage 115 -231.1 603 949 97 26 0.39 0.40 
6.7 Wspage 115 -288.3 524 746 63 30 0.41 0.34 
6.8 Enspage & EnspOLF 115 -332.2 588 888 60 25 0.40 0.38 
6.9 Wnspage & WnspOLF 115 -318.2 581 880 57 23 0.40 0.38 
6.10 CRsumage 115 -335.3 490 761 53 17 0.39 0.32 
6.1 1 SAsumage & SAautage 114 -293.7 489 926 44 27 0.35 0.33 

It is of interest to see which data sets are fitted better or worse when we drop each at-age data set. For 
biomass indices the change in fit was assessed by the size of changes in the objective-function 
components (Table 53); for at-age data sets it was seen in changes in the estimated processerror c.v.s 
(Table 54). 

Table 53: Improvement of fits to the biomass indices when at-age data sets are dropped (tabulated values 
are changes in the objective-function component for the biomass index, with a positive value indicating an 
improvement). Changes of 1 or more are highlighted. 

At-age data set(s) that was dropped 
Biomass Enspage & Wnspage & SAsumage & 
index Espage Wspage EnspOLF WnspOLF CRsumage SAautage 
CRsumbio -1.1 0.1 0.2 0.2 2.3 2.7 
CSacous 1.6 0.2 -0.0 -0.0 -0.1 -0.7 
SAautbio -0.1 0.2 0.0 -0.1 0.1 -0.1 
SAsumbio 0.1 0.5 0.0 0.1 -0.1 0.0 
WCacous -0.3 .1:0 -0.1 -0.4 -0.2 -0.1 

Table 54: Estimated process-error c.v.sfor at-age data sets, showing the effect of dropping other at-age 
data sets. Large changes from the values in the f int  column (which corresponds to run 5.5) are 
hghlighthh. An increase in the C.V. implies that the fit to the data has deteriorated. 

At-aee data set(s) that was dropped 
At-age Enspage & Wnspage & SAsurnage & 
data None Espage Wspage EnspOLF WnspOLF CRsumage SAautage 
Espage 0.21 - 0.21 0.20 0.21 0.20 0.21 
Wspage 0.34 0.33 - 0.33 0.32 0.32 0.30 
Enspage &EnspOLF 0.52 - 0.6! ~ 0.53 - 0.52 0.5 1 . 0.47 . 

Wnspage & WnspOLF 0.42 0.42 o? 0.43 - 0.42 0.67 
CRsumage 0.52 0.35 0.50 0.52 0.52 - 045 
SAautage 0.32 0.33 0.24 0.32 0.34 0.32 - 
SAsumage 0.22 0.23 0.13 0.22 0.24 0.21 - 

A summary of these changes (Table 55) helps us to understand conflicts between data sets. For 
example, it suggests that the "E" observations (including those in CR) fall into two groups - 
(CSacous, CRsumage) and (Espage, Enspage & EnspOLF, CRsurnbio) - with data sets within a 



group supporting each other and differing from those in the other group. Dropping data from one 
group tends to worsen the fits to other data sets in that group and improve fits to those in the other 
group. Some of the W observations also fall into two groups (WCacous, Wnspage & WnspOLF, 
SAsumage, SAautage) and (Wspage) but it's not clear which group the survey biomass indices 
(SAsumbio, SAautbio) belong to (perhaps they are intermediate). The only interaction between the 
E and W observations is a conflict between (SAautage & SAsumage) and (CRsumbio, CRsumage). 

Table 55: Data sets whose fit is substantially improved or worsened when individual at-age data sets are 
dropped. (This table derives from the highlighted entries in Tables 53 and 54.) 

At-age data 
dropped Fit improved Fit worsened 
Espage CSacous, CRsumage CRsumbio, Enspage & EnspOLF 
Wspage WCacous, Wnspage & WnspOLF, SAautage, SAsumage - 
Enspage &EnspOLF - - 
Wnspage & WnspOLF - - 
CRsumage CRsumbio - 
SAautage & SAsumage CRsumbio, CRsumage Wnspage & WnspOLF 

A second way of examining the influence of the at-age data sets is to see what happens when we u p  
or down-weight all these data sets together. This was done by taking the processerror c.v.s that were 
estimated in run 5.5, inflating (or deflating) them by adding (or subtracting) a constant C.V. of either 
0.2 or 0.4 to them (Table 56). and then carrying out model runs with these c.v.s fixed at the inflated or 
deflated values (note that inflating c.v.s down-weights the at-age data). The effects of these changes 
in weighting were non-linear and generally small (Table 57). 

The two sets of results in this section suggest that differences in the weights associated with different 
at-age data sets is of greater importance than the overall weight assigned to at-age data sets. 

Table 56: Proeess-error c.v.s for at-age data sets in selected model runs. The values given for run 5.5 
were estimated in that run. For all other runs the values were calculated by adding or subtracting 
specified quantities from the c.v.s from run 5.5 and then rujng these values for that run. Note that c.v.s 
combine as squares, so, for example, the values under the heading Espage are calcnlated as 0.289 = 
(0.208' + 0 . 2 ' ) ~ ~ ~  0.451 = (0.208' + 0.43O.~, 0.058 = (0.208' - 0.2')~~. 

Change At-age data set 
Run in C.V. Espage Wspage EnspOLF Enspage WnspOLF Wnspage CRsumage SAsumage SAautage 
5.5 - 0.208 0.336 0.525 0.525 0.415 0.415 0.522 0.223 0.323 
6.12 4 . 2  0.289 0.391 0.561 0.561 0.461 0.461 0.559 0.300 0.380 
6.13 4 . 4  0.451 0.522 0.660 0.660 0.577 0.577 0.658 0.458 0.514 
6.14 -0.2 0.058 0.269 0.485 0.485 0.364 0.364 0.482 0.099 0.254 

Table 57: MPD estimates showing the effect of up- or down-weighting all at-age data by reducing or 
increasing the associated process-error C.V.S. 

No. of Objective Be- Am&%&,) 
Run Change in c.v.s pars function E W E  W pE Mavg 
6.14 upweight by 0.2 109 -303.7 627 942 61 26 0.40 0.38 
5.5 - 116 -311.7 659 950 62 27 0.41 0.39 
6.12 down-weight by 0.2 109 -240.8 550 925 57 26 0.37 0.36 
6.13 down-weight by 0.4 109 -287.8 685 948 65 26 0.42 0.39 
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Appendix 1: CASAL input files 

Each of the final model runs is completely defined by two input files - population.csl and 
estimation.csl - in conjunction with the CASAL manual (Bull et al. 2002). These files are presented 
in this appendix. In any line of these files, text following the symbol # is treated as a comment. The 
symbol @ marks the beginning of a command block. 

The model structural assumptions for each run are completely defined by the file population.cs1. This 
file, which is reproduced here, was identical for all three final runs. 

# PARTITION 
@size-based 0 
amin-age 1 
@max-age 13 
@plus-group 1 
@sex_oartition 1 

@exclus~ns-char1 area area area 
@exclusions-vall SA WC CS 
@exclusions-char2 stock stock stock 
@exclusions-val2 E E W 

# TIME SEQUENCE 
@initial 1972 
@current 2003 
@final 2008 
@annual-cycle 
time-steps 5 # Oct-Nov, Dec-Mar. 
recruitment-time 2 
recruitment-areas CR CR 
spawning-time 5 
spawningqart-mort 0.5 
suawnino areas CS WC 

aging-time 5 
growthqrops 0.25 0.60 0.90 0.90 
M Droos 0.17 0.33 0.25 0 0.25 

Apr-Jun, 

0.0, 

End 

baran& 0 
fishery-names Enspl Wnspl Ensp2 Wnsp2 Esp Wsp 
fishery-times 2 2 3 3 5 5 
fishervareasCR SA CR SA CS WC - 
n-migrations 5 
migration-names Ertn Wrtn Whome Espmg Wspmg 
migration-times1 1 3 4 4 
migrate-from CS WC CR CR SA 
migrate-to CR SA SA CS WC 

@recruitment E 
standardise-YCS T 
first-free 1977 
last-free 1998 
YCSjears 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 
1993 1994 1995 1996 1997 1998 1999 2000.2001 
YCS 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
1 1 1 1 1 1 1 1 '  
n-rinitial 7 
SR BH 
steepness 0.9 
p-male 0.5 
yeaLrange 1977 1998 # to resample YCS from 



@recruitment W 
standardise-YCS T 
first-free 1977 
last free 1998  tears 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 
1993 1994 1995 1996 1997 1998 1999 2000 2001 
YCS 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
1 1 1 1 1 1 1 1  
n-rinitial 7 
SR BH 
Steepness 0.9 
p-male 0.5 
year-range 1977 1998 X to resample YCS from 

R RECRUITNFMT VARIABILITY 
b needad far MCYICAY and projections 
@randomisaticn method emoirlcal 

X NATURAL MORTALITY 
@natural-mortality 
avg 0.275 
diff 0.05 

X FISHING 
@fishery Enspl 
years 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 
1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 
2002 2003 
catches 1500 1500 2200 13100 13500 13900 1100 2200 2900 2900 2600 1500 3200 6200 3700 8800 
9000 2300 3300 17400 33400 27400 16000 29600 37900 42400 55600 59200 43100 36300 24700 24700 
U-max 0.3 
selectivity Enspsl 
future vears 2004 2005 2006 2007 2008 

@fishery Ensp2 
years 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 
1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 
2002 2003 
catches 2500 2500 3800 22900 23500 24100 1900 3800 5100 5100 4400 8500 6800 3800 13300 8200 
6000 2700 9700 14900 17500 19700 10600 16500 23900 28200 34200 23600 20500 20700 18800 18800 
U-max 0.3 
selectivity Enspsl 
futurejears 2004 2005 2006 2007 2008 
future-catches 15000 15000 15000 15000 15000 

@fishery Wnspl 
years 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 
1997 1998 1999 2000 2001 2002 2003 
catches 3200 6700 3000 7200 5900 5400 700 900 4400 14000 14700 5800 5900 5700 6900 10900 8800 

selectivity Wnspsl 
futurejears 2004 2005 2006 2007 2008 
future-catches 15000 15000 15000 15000 15000 

@fishery Wnsp2 
years 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 
1997 1998 1999 2000 2001 2002 2003 
catches 3500 5400 6100 3300 5400 7600 4900 9100 12700 17400 10900 5500 7500 6800 15100 14600 
14900 19500 16900 13400 13400 

selectivity Wnspsl 
futurejears 2004 2005 2006 2007 2008 
future-catches 15000 15000 15000 15000 15000 

@fishery Wsp 
years 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 
1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 
2002 2003 
catches 5000 5000 5000 10000 30000 60000 5000 18000 ZOO00 25000 25000 23300 27900 24900 71500 
146700 227000 185900 173000 135900 107200 100100 117200 80100 75900 96900 107100 97500 105600 
109200 98300 98300 
U-max 0.67 
selectivity Wspsl 
futurejears 2004 2005 2006 2007 2008 
future-catches 100000 100000 100000 100000 100000 



@fishery Esp 
years 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 
2002 2003 
catches 600 7000 14000 29700 25600 22200 35900 34400 59700 56500 46700 40500 39000 33700 24000 
24000 
U-max 0.67 
selectivity Espsl 
futurejears 2004 2005 2006 2007 2008 
future-catches 30000 30000 30000 30000 30000 

# COMMON SELECTIVITIES 
@selectivity-names Enspsl Wnspsl Espsl Wspsl CRsl SAsl 
@selectivity Enspsl 
all size-based double-normal 72 28 28 
@selectivity Wnspsl 
all size-based double-normal 72 28 28 
@selectivity Espsl 
all size-based logistic 50 10 
@selectivity Wspsl 
all size-based logistic 50 10 
shift-E 305 305 305 305 305 305 305 305 305 305 305 297 297 304 305 300 299 302 298 301 306 
304 308 307 312 310 311 309 309 309 308 305 
shiftjears 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 
1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 
shifts 0 
@selectivity CRsl 
all size-based double-normal 72 28 28 
@selectivity SAs1 
all size-based double-normal 72 28 28 

# MIGRATION 
@migration Ertn 
prop 1 
@migration Wrtn 
prop 1 
@mioration Whome 

stock W 
rates-male allvalues-bounded 1 8 0.1 0.1 0.43 0.56 0.88 0.9 0.95 1 
rates-female allvalues-bounded 1 8 0.1 0.1 0.28 0.33 0.44 0.6 0.8 1 
@migration Espmg 
# E s~awnina: CR to CS 
stockE 

- 
rates-male allvalues-bounded 1 8  0.1 0.2 0.3 0.4 0.5 0.6 0.6 0.6 
rates-female allvalues-bounded 1 8 0.04 0.08 0.2 0.47 0.52 0.61 0.67 0.67 
emigration Wspmg 
U W soawnina: SA to WC 
stock' W 

- 
rates-male allvalues-bounded 1 8 0.1 0.2 0.3 0.4 0.5 0.6 0.6 0.6 
rates-female allvalues-bounded 1 8 0.04 0.08 0.2 0.47 0.52 0.61 0.67 0.67 

# SIZE AT AGE 
@size-at-age-type van-Bert 
@size-at-age E 
k-male 0.232 
to-male -1.23 
Linf-male 89.5 
k-female 0.161 
to-female -2.18 
Linf-female 101.8 
@size-at-age W 
k-male 0.261 
to-le -0.50 
Linf>.de 92.6 
k-female 0.213 
to-female -0.60 
Linf-female 104.0 

U SIZE-WEIGHT 
@size-weight E 
a 4.79e-06 

II MATURITY 
@maturitygrop~.all constant 1 

Rinitial 1 
@initialization W 
Rinitial 1 
@log-B0-total 13.9 
@BOqrop-stock1 0.25 



A1.2: estimation.csl files 

The input data and estimation assumptions for each run are completely defined by the file 
estimation.cs1. I first present the file used for run 5.5 and then list the differences between that and 
the corresponding files for the other final runs. 

A1.2.1 estimation.csl for run 5.5 

The following is the file used for the MPD run. The changes made for the MCMC run (see Section 
4.5) were: to delete the @estimate blocks for the at-age data processerror c.v.s; to replace the values 
for all the at-age data processerror c.v.s by those in Table 40; and to delete the three 
@YCS-difference~enalty blocks. 

It GEWERAL 
@estimator Bayes 
@DrOf ile 
parameter BOgrop-s tockl 
n 5 
1 0.16 
h 0.64 

# POINT ESTIMATION 
Omax-iters 500 
@max_evals 1000 

# MCMC 
PMCMC 
start 1 
keep 1000 
length 2000000 
ste~size 0.02 
adaptive-stepsize 1 
adapt-at 20000 40000 60000 80000 100000 
burxin 200 
subsamplesize 1000 
systematic 1 

# AGEING ERROR 
@aueinu_error 

# FREE PARAMETERS 
@estimate 
Parameter q[CSacousl.q 
~rior loonormal 

cv 0.85 
lower-bound 0.022 
upper-bound 3.8 

@estimate 
parameter q[WCacousl.q 
prior lognormal 
mu 0.57 
or 0.68 
lower-bound 0.032 
upper-bound 3.1 

@estimate 
parameter q[CRsuml.q 
prior lognormal 
mu 0.15 
or 0.65 
lower-bound 0.016 
upper-bound 0.51 



@estimate 
parameter q1SAsuml.q 
prior lognormal 
mu 0.17 
cv 0.61 
lower-bound 0.020 
upper-bound 0.51 

@estimate 
parameter qlSAaut1.q 
prior lognormal 
mu 0.17 
cv 0.61 
lower-bound 0.020 
uppelbound 0.51 

parameter catch~atIEspagel.cvqrocess~error 
prior uniform 
lower-bound 0.1 
upper-bound 1 

@estimate 
Barameter catch-atlWspageI.nrqrocess-error 
priar uniform 
lower-bound 0.1 
upper-bound 1 

@estimate 
parameter catch~at1Enspagel.cvgrocess~error 
same catch~atlEnspOLFl.nr~rocess~er~or 
prior uniform 
lower-bound 0.1 
upper-bound 1 

@estimate 
parameter catch~at1Wnspagel.cvgrocess~error 
same catch-atlWnspOLF1.cvgrocess-error 
priar uniform 
lower-bound 0.1 
upper-bound 1 

parameter proportions~atlCRsumagel.cvqrocess~error 
prior uniform 
lower-bound 0.1 
upper-bound 1 

parameter proportions-atlSAsumagel.cvqrocess-error 
prior uniform 
lower-bound 0.1 
upper-bound 1 

parameter proportions-atIS~autagel.nrqrocess-error 
prior uniform 
lower-bound 0.1 
upper-bound 1 

@estimate 
parameter log-B0-total 
phase 1 
prior uniform 
lower-bound 11.6 
upper-bound 16.2 

@estimate 
parameter BOqrop-stock1 
phase 1 
briar beta 
mu 0.316 
stdev 0.0571 
A 0 
B 0.5 
lower-bound 0.01 
upper-bound 0.49 

@estimate 
parameter recruitmentIEJ.~cs 
phase 1 
vector 1 
prior lognormal 
mu 1 1 1 1 1 1 1 
1 

1 1 1 
1 1 1 1 1 1 1 1 

1 1 
1 1 1 

1 



# bounds fram I 
lower-bound 
0.06 0.06 
0.06 0.06 
upper-bound 
8.60 8.60 

@estimate 
parameter recruiment[Wl.YCS 
nhase 1 
vector 1 

0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 
0.95 0.95 0.95 
# bounds from round(qlnorm~c10.001,0.9991,-0.5*0.8A2,0.8),21 
lower-bound 0.06 0.06 0.06 0.06 0.06 0.06 
0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 
0.06 0.06 0.06 
upper-bound 8.60 8.60 8.60 8.60 8.60 8.60 
8.60 8.60 8.60 8.60 8.60 8.60 8.60 8.60 
8.60 8.60 8.60 

@estimate 
parameter natural-mortality.avg 
pbase 1 
prior lognormal # equiv to mu = -1.313 sigma = 0.26, 
mu 0.278 
N 0.265 
f bounds from r0und(q1norm(c(0.001,0.9991.-1.313.0.261,21 
lower bound 0.12 

@estimate 
parameter natural-mortality.diff 
chase 1 

mu 0 
stdev 0.0621 
# bounds from round~qnarmlc~0.001.0.9991.0.0.06211.21 
lower-bound -0.19 
upper-bound 0.19 

@estimate 
Parameter selectivity[Wspsll.shift-a 
phase 1 
~rior uniform 
lower-bound -10.24 
upper-bound 2.24 

@estimate 
parameter migration[Whomel.rates-male 
same migration[Whomel.rates-female 
phase 1 
ogive 1 
prior uniform 
lower-bound 0.01 0.01 0.01 0 0 0 0 1 
upper-bound 1 1 1 1 1 1 1 1 

@estimate 
parameter migration[Espmgl.ratesgiale 
phase 1 
ogive 1 
prior uniform 
lower-bound 0 0 0 0 0 0 0 0 
upper-bound 1 1 1 1 1 1 1 1 

@estimate 
parameter migrationlWspmgl.rates-male 
pbase 1 
ogive 1 
prior uniform 
lower-bound 0 0 0 0 0 0 0 0 
upper-bound 1 1 1 1 1 1 1 1 

@estimate 
parameter migrationIEspmgl.rates-female 
phase 1 
ooive 1 
&or uniform 



lower-bound 0 0 0 0 0 0 0 0 . 6  
upper-bound 1 1 1 1 1 1 1 1 

@estimate 
Parameter migrationlWspmgl.rates-female 
phase 1 
ogive 1 
prior uniform 
lower-bound 0 0 0 0 0 0 0 0 . 6  
upper-bound 1 1 1 1 1 1 1 1 

@estimate 
parameter selectivitylEnspsl1.all 
~hase 1 

prior uniform 
lower-bound 64 4 4 
upper-bound 84 44 44 

@estimate 
parameter selectivitylWnspsll.all 
phase 1 

@estimate 
parameter selectivity[Espsll.all 
same selectivity1Wspsll.all 
phase 1 
ogive 1 
prior uniform 
lower-bound 6 4 
uppecbound 8 0  60  

@estimate 
parameter selectivityICRsll.al1 
phase 1 
ogive 1 
prior uniform 
lower-bound 6 4  4 4 
upper-bound 8 4  44  4 4  

@estimate 
parameter selectivity1sAsll.all 
Dhase 1 
osive 1 
p h r  uniform 
lower-bound 64 4 4 
upper-bound 84 44  44  

# RELATIVITY CONSTANTS 
@%method nuisance 

tl OBSERVATIONS 
@relative-abundance CSacous 
step 5 
proportion~mortality 0.5 
area CS 
biomass 1 
a CS~COUS 

dist lognormal 
cv-1991 0 . 4 5  
cv 1993 0 .53  

@relative-abundance WCacous 
step 5 



proportion-mortality 0.5 
area WC 
biomass 1 
q WCacous 
years 1988 1989 1990 1991 1992 1993 1997 2000 
# indices & cv from Table 26 of WG-HOK-2002112 
1988 417000 
1989 249000 
1990 255000 

dist lomormal 

@relative-abundance CRsumbio 
Step 2 
propOrtion~mOrtality 0.6 
area CR 
biomass 1 
Ogive CRsl 
o CRstm A 

cvqrocess-error 0.2 
years 1992 1993 1994 1995 1996 
dist lognormal 
1992 120190 
1993 185570 
1994 145633 
1995 120441 
1996 152813 

Brelativeabundance SAsumbio 
Step 2 
proportion-mortality 0.5 
area SA 
biomass 1 
ogive SAsl 
q SAsum 

@relative-abundance SAautbio 
step 3 
Proportion~mortality 0.1 
area SA 
biomass 1 



ogive SAsl 
q SAaut 
cvgrocess-error 0.2 
vears 1992 1996 1998 

@catch-at Espage 
vears 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 
fishery Esp 
plusgroup FALSE 
sum-to-one TRUE 
min-class 2 2 
max_class 12 12 
dist robustified-lognormal 
r 0.01 
cvgrocess-error 0.40 
1988 0.000604 0.01296 0.051866 0.053273 0.029483 0.040762 0.029386 0.043546 0.039113 0.028923 
0.016781 0.001139 0.011238 0.056868 0.069316 0.037824 0.072381 0.052763 0.110565 0.111131 

0.025746 0.025832 
1993 0.000558 0.025254 0.100066 0.218104 0,108803 0,015831 0.02236 0.027832 0.010687 0.006202 
0.001359 0.000106 0.005634 0.05299 0.161735 0.090617 0.015677 0.049299 0.040123 0.01832 
0.013492 0.014352 
1994 0.00086 0.01448 0.038435 0.132023 0.134991 0.151949 0,011879 0.025227 0.0096 0.006945 
0.001105 0.000659 0.012564 0.023012 0.092277 0.105076 0.124931 0.016293 0.03854 0.027065 
0.021173 0.010918 
1995 0.001253 0.027646 0.064242 0.049742 0.06891 0.14509 0.098587 0.010223 0.013778 0.010987 
0.008266 0.000765 0.013145 0.035692 0.031754 0.054186 0.10331 0.128826 0.024106 0.059652 
0.032078 0.017761 
1996 0.004432 0.065298 0.111796 0.07%155 0.016199 0.073191 0.084763 0.047551 0.003321 0.006278 
0.001393 0.001664 0.024481 0.053702 0.041852 0.017278 0.061581 0.116065 0.122011 0.014603 
0.039486 0.021898 
1997 0.000387 0.049019 0.108774 0.115443 0.108233 0,014811 0.045955 0.049583 0.029762 0.004505 
0.005469 0.000525 0.029852 0.089051 0.060876 0.067352 0.015912 0.045812 0.060034 0.062316 
0.014977 0.021347 
1998 0.00245 0.131441 0.10769 0.10653 0.032424 0.02809 0.009449 0.023364 0.020065 0.01354 
0.00149 0.000437 0.042133 0.068979 0.072366 0.038732 0.054078 0.021514 0.07555 0.087981 
0.045418 0.01022 
1999 0.007328 0.063857 0.178122 0.099545 0.05732 0.037873 0.021009 0.004163 0.014192 0.01732 
0.006465 0.00312 0.037927 0.078183 0.078709 0.053268 0,044603 0.041237 0.017571 0.050839 
0.040491 0.034855 
2000 0.006103 0.115552 0.066901 0.051014 0.126566 0.068746 0.048844 0.01936 0.013752 0.013269 
0.005956 0.000942 0.074368 0.047798 0,03072 0.099961 0,061795 0.03871 0.025164 0.015738 
0.043953 0.02479 
2001 0.00063 0.06241 0.127859 0.07779 0.04244 0.051564 0.037489 0.021402 0.007635 0.001412 
0.003366 0.001964 0.046624 0.086697 0.056343 0.054932 0.092599 0.092346 0.048959 0.033893 
0.025857 0.02579 
2002 0.012274 0,014324 0.062981 0.093947 0.119435 0.048642 0.049666 0.029808 0.014881 0.01132 
0.000465 0.003791 0.004245 0.038804 0.069456 0.100026 0.094537 0.082572 0.060137 0.043588 
0.025425 0.019616 
cvs-1988 12.4 0.51 0.24 0.24 0.33 0.28 0.33 0.27 0.28 0.33 0.44 3.67 0.56 0.23 0.21 0.29 0.21 
0.24 0.17 0.17 0.19 0.27 
cvs-1989 3.69 0.28 0.2 0.23 0.22 0.3#7 0.54 0.51 0.45 0.36 0.54 22.52 0.45 0.3 0.22 0.28 0.42 
0.32 0.32 0.21 0.22 0.33 
cvs-1990 1.51 0.27 0.2 0.23 0.21 0.29 0.38 0.29 0.48 0.29 0.3 37.24 0.42 0.27 0.23 0.22 0.24 
0.3 0.25 0.29 0.2 0.22 
cvs-1991 8 0.24 0.15 0.18 0.26 0.25 0.27 0.38 0.43 0.47 0.43 9.72 0.28 0.2 0.27 0.27 0.23 0.22 
0.31 0.27 0.36 0.26 
cvs 1992 2.35 0.34 0.14 0.11 0.28 0.22 0.2 0.3 0.37 0.41 0.62 43.91 2.22 0.16 0.11 0.27 0.21 



cvs-1998 0.61 0.16 0.17 0.17 0.25 0.26 0.38 0.26 0.3 0.34 0.74 1.25 0.23 0.2 0.19 0.24 0.21 
0.29 0.19 0.18 0.23 0.37 
cvs-1999 0.4 0.18 0.13 0.16 0.2 0.23 0.28 0.5 0.32 0.3 0.42 0.56 0.23 0.18 0.18 0.19 0.21 0.22 
0.29 0.2 0.22 0.23 
cvs-2000 0.38 0.15 0.18 0.19 0.15 0.18 0.2 0.26 0.29 0.3 0.38 0.73 0.17 0.2 0.23 0.16 0.18 
0.21 0.24 0.28 0.2 0.24 
cvs 2001 0.96 0.16 0.13 0.15 0.19 0.17 0.2 0.24 0.35 0.67 0.47 0.58 0.18 0.15 0.17 0.17 0.14 

@catch-at Wspage 
years 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 
fishery Wsp 
plusgroup FALSE 
suato-one TRUE 
min-class 2 2 
rnaxclass 12 12 
dist robustified-lognormal 
r 0.01 
cvqrocess-error 0.40 
1988 0.001824 0.000528 0.044602 0,064854 0.0903 0.085571 0.054523 0.034779 0.036459 0.041104 
0.047207 0.000485 0.00052 0.020273 0.034749 0.056667 0.062352 0.071255 0.048638 0.07637 



@catch-at EnspOLP 
years 1992 1994 1996 1998 2002 
fishery Enspl Ensp2 
plusqroup TRUE 
su~to-one TRUE 
min-class 1 1 
maxclass 6 6 
dist robustified-lounotmal 
r 0.01 
cvqrocess-error 0.40 
1992 0.001971 0.002773 0.139603 0.233674 0.016513 0,018024 0.003236 0.00638 0.223724 0.253193 
0.037324 0.057585 
1994 0.051378 0.12707 0.003033 0.012884 0.062247 0.141961 0.054445 0.166833 0.002648 0.011949 
0.080589 0.284963 
1996 0.124375 0.083788 0.190084 0.05235 0.020482 0.020476 0,115241 0.089383 0.180607 0.064703 
0.015231 0.04328 
1998 0.014286 0.018717 0.250476 0.041871 0.035485 0.060743 0.018992 0.035358 0.283369 0.033255 

@catch-at Enspage 
years 1999 2000 2001 
fisherv EnSDl Ens~2 
pius-&oup FALSE ' 
sunto-one TRUE 
min-class 1 1 
maxclass 12 12 
dist robustified-lognotmal 
r 0.01 
cvqrocess-error 0.40 
1999 0.015358 0.073253 0.112736 0.076895 0.071369 0.038722 0.014015 0.007802 0.002932 0.004013 
0.006682 0.000102 0.017917 0.076592 0,112767 0.110739 0.080706 0.067462 0.025489 0.030189 
0.027831 0.013003 0.010059 0.003367 
2000 0.085843 0.210363 0.024854 0.042042 0.03425 0.007595 0.009717 0.014618 0.002541 0.001939 
0.006361 0.000103 0.033652 0.227526 0.054995 0.038094 0.059093 0.034892 0.04402 0.020878 
n nn9723 n nii=,ql n n i7aqn n nn7aa7 

@catch-at WnspOLF 
years 1992 1993 1994 1996 1999 2000 2002 
fisherv WnsDl mso2 
plus-group TRUE - 
sum-to-one TRUE 
min-class 2 2 
--class 6 6 
dist rabustified-lognormal 
r 0.01 



@catch-at Wnspage 
years 2001 
fishery Wnspl Wnsp2 
plusqroup FALSE 
sumto-one TRUE 
min-class 2 2 
marclass 12 12 
dist robustified-lognoma1 
r 0.01 

@proportions-at CRsumage 
step 2 
proportion-mortality 0.6 
area CR 
ogive CRsl 
years 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 
plusgroup FALSE 
sum_to-one TRUE 
min-class 1 1 
max-class 12 12 
dist robustified-lognormal 
r 0.01 
cvqrocess-error 0.40 
1992 0.035263 0.022759 0.231342 0.137664 0.021617 0.00481 0.008026 0.004612 0.001231 0.000597 
0.00016 0.00014 0.039798 0.025475 0.213867 0.182515 0.01167 0.013935 0.01595 0.014879 0.005033 
0.002504 0.003518 0.002634 
1993 0.25908 0.004772 0.026983 0.108701 0.062024 0.005812 0.005372 0.004669 0.000966 0.000201 
0.000189 0.00012 0.256844 0.008593 0.030346 0.099734 0.094641 0.00426 0.00777 0.007665 
0.005643 0.002709 0.000922 0.001379 
1994 0.167222 0.18648 0.008276 0.021075 0.055709 0.027396 0.004216 0.00319 0.002034 0.001881 
0.000101 0.000101 0.159196 0.193244 0.006102 0.027776 0.062638 0.043908 0.004904 0.010208 
0.004938 0.00462 0.002873 0.001912 
1995 0.081895 0.226862 0.093774 0.010126 0.015827 0.021749 0.020618 0.001126 0.002031 0.001486 
0.00067 0.0001 0.086649 0.230292 0.033307 0.019149 0.023547 0.024755 0.030554 0.001964 
0.005699 0.003727 0.003273 0.000821 
1996 0.219022 0.077773 0.130508 0.027761 0.003937 0.008966 0.010576 0.003555 0.0001 0.000221 
0.000143 0.000217 0.214496 0.059597 0.149302 0.045759 0.004372 0.009455 0.016361 0.011125 
0.000689 0.003472 0.001711 0.00028 
1997 0.033833 0.302437 0.034863 0.042015 0.034598 0,004872 0.008419 0.008831 0.003292 0.00069 
0.000622 0.000449 0.03451 0.296131 0.024134 0.067176 0.053236 0.004217 0.003868 0.015825 
0.013633 0.00172 0.002141 0.002485 
1998 0.077551 0.058065 0.241937 0.028968 0,028513 0.016984 0.001724 0.00398 0.005721 0.002727 
0.000495 0.0001 0.080664 0.04783 0.249485 0.049896 0.043605 0.026155 0.006865 0.007757 
0.009529 0.006797 0.002398 0.002253 
1999 0.197703 0.087047 0.059019 0.099956 0.007976 0.0146 0.005349 0.001414 0.000451 0.001061 
0.001048 0.000164 0.180688 0.066295 0.076424 0.127936 0.017939 0.019639 0.017524 0.003486 
0.001322 0.007392 0.004595 0.000973 
2000 0.247616 0.167165 0.024623 0.010318 0.015716 0.004877 0.005999 0.002522 0.000438 0.000196 
0.00073 0.000123 0.227971 0.185543 0.026506 0.012807 0.032358 0.012833 0.008831 0.003612 
0.001804 0.001967 0.003786 0.001652 
2001 0.009064 0.297257 0.112627 0.011148 0.008759 0.012701 0.003617 0.005236 0.001849 0.000315 
0.000911 0,000491 0.010687 0.278365 0,144225 0.017842 0.016949 0.033728 0.004212 0.017323 
0.005634 0.002314 0.002439 0.002306 
2002 0.238427 0.011238 0,072867 0.082178 0.01588 0.00141 0.005333 0.000785 0.000659 0.000154 
0.001067 0,0001 0.326175 0,011027 0.075442 0.102706 0.021965 0.002697 0.012553 0.004699 
0.007264 0.00318 0.000448 0.001745 
2003 0.106627 0,298736 0.007786 0.026725 0.0212 0.007214 0.002924 0.003408 0.000117 0.000632 
0.0001 0.0001 0.106551 0.308258 0.005927 0.023542 0.037108 0.018932 0.002784 0,010627 0.002735 
0.003589 0.003601 0.000778 
cvs-1992 0.19 0.22 0.1 0.12 0.22 0.36 0.3 0.37 0.58 0.76 1.37 1.47 0.18 0.21 0.11 0.11 0.27 
0.25 0.24 0.25 0.36 0.45 0.4 0.44 
cvs-1993 0.18 0.38 0.27 0.21 0.23 0.37 0.36 0.38 0.53 0.75 0.76 0.84 0.18 0.34 0.26 0.21 0.21 
0.39 0.35 0.35 0.37 0.43 0.53 0.49 
cvs-1994 0.13 0.12 0.32 0.24 0.17 0.22 0.39 0.43 0.5 0.51 1.68 1.68 0.13 0.12 0.35 0.22 0.17 
0.19 0.37 0.3 0.37 0.38 0.44 0.51 
cvs-1995 0.16 0.13 0.16 0.25 0.23 0.21 0.22 0.42 0.37 0.39 0.47 0.76 0.16 0.13 0.16 0.22 0.21 
0.21 0.2 0.37 0.29 0.32 0.33 0.45 
cvs-1996 0.1 0.14 0.12 0.18 0.32 0.25 0.24 0.33 1.09 0.81 0.95 0.81 0.1 0.15 0.11 0.16 0.31 
0.25 0.21 0.24 0.55 0.33 0.41 0.74 
cvs-1997 0.23 0.15 0.23 0.22 0.23 0.34 0.31 0.3 0.37 0.51 0.52 0.56 0.23 0.15 0.25 0.2 0.21 
0.35 0.3 0.27 0.28 0.42 0.4 0.39 
cvs-1998 0.19 0.2 0.14 0.23 0.24 0.27 0.47 0.38 0.35 0.42 0.65 1.05 0.18 0.21 0.14 0.21 0.21 
0.24 0.33 0.32 0.31 0.33 0.43 0.44 
cvs-1999 0.17 0.2 0.22 0.2 0.34 0.3 0.37 0.5 0.66 0.53 0.54 0.85 0.17 0.21 0.21 0.19 0.28 0.28 
0.29 0.41 0.51 0.34 0.38 0.55 
c v ~ 2 0 0 0  0.17 0.18 0.24 0.28 0.26 0.32 0.31 0.36 0.48 0.56 0.44 0.61 0.18 0.19 0.26 0.29 0.25 
0.29 0.31 0.36 0.41 0.4 0.36 0.41 
cvs 2001 0.32 0.11 0.15 0.3 0.32 0.29 0.42 0.38 0.52 0.98 0.66 0.83 0.3 0.12 0.14 0.26 0.26 



Step 2 
proportion-mortality 0.5 
area SA 
ogive SAsl 
years 1992 1993 1994 2001 2002 2003 
plusgroup FALSE 
sum_to-one TRUE 
min class 2 2 

r 0.01 
cvqrocess-error 0.40 
1992 0.00576 0.078864 0.172794 0.015977 0.033196 0.060307 0.031599 0.011855 0.012159 0.00445 
0.002998 0.007211 0.05346 0.223467 0.015948 0.036194 0.109633 0.054924 0.029202 0.02005 

0.023301 0.024019 
2003 0.119517 0.003552 0.013992 0.015003 0.019132 0.026514 0.061264 0.045701 0.038715 0.016279 
0.002237 0.118122 0.001085 0.016147 0.024844 0.056105 0.041492 0.125275 0.12294 0.081955 
0.037233 0.012896 
cvs-1992 0.46 0.13 0.09 0.28 0.2 0.15 0.2 0.33 0.32 0.53 0.65 0.41 0.16 0.08 0.28 0.19 0.12 
0.16 0.21 0.25 0.34 0.37 
cvs-1993 0.5 0.55 0.13 0.1 0.43 0.19 0.13 0.13 0.36 0.31 0.95 0.54 1.5 0.4 0.12 0.28 0.17 0.14 
0.17 0.29 0.41 0.38 
cvs 1994 1.76 0.65 0.24 0.12 0.15 0.33 0.27 0.18 0.21 0.47 0.56 1.66 9.11 0.37 0.15 0.14 0.35 

Bproportionspt SAautage 
Step 3 
proportion~mortality 0.1 
area SA 
ogive SAs1 
years 1992 1996 1998 
plus-group FALSE 
sum to-one TRUE 

cvqrocess-error 0.40 
1992 0.013554 0.061894 0.137592 0.00'8722 0.029219 0.067408 0.066418 0.015777 0.008847 0.004993 
0.001523 0.000103 0.038039 0.179388 0.013163 0.054294 0.142914 0.081788 0.024165 0.022119 
0.018272 0.009807 
1996 0.09771 0.175696 0.108159 0.003867 0.007962 0.033052 0.036235 0.00253 0.005707 0.008227 
0.001276 0.088773 0.153341 0.078251 0.007242 0.010161 0.056589 0.076776 0.006454 0.018288 

@px~portion~-migrating pspawn 
years 1992 1998 
sex 2 
migration Wspmg 
plus-group 1 
&-class 3 
maidass 9 
dist lognormal 
1992 0.19 0.45 0.27 0.57 0.68 0.69 0.64 



1998 0.28 0.60 0.40 0.40 0.40 0.40 0.52 
cv-1992 0.25 
cv-1998 0.25 

It PEN?&TIES 
@YCS-differencegenalty 
label YCS.eq.01 
stock1 E 
stock2 W 
year 2001 
multiplier 1000 

@YCS-differenceqenalty 
label YCS.eq.00 
stock1 E 
stock2 W 
year 2000 
multiplier 1000 

@Yes-differencegenalty 
label YCS.eq.99 
StOCkl E 
stock2 W 
year 1999 
multiplier 1000 

@catch-limitgenalty 
label UmaxEnspl 
fishery Enspl 
log-scale 1 
multiplier 10000 

label Urnax-Ensp2 
fishery Ensp2 
loa scale 1 

@catch-limitgenalty 
label Um-Wnspl 
fishery Wnspl 
log-scale 1 
multiplier 10000 

label Uma-Wnsp2 
fishery Wnsp2 
low Scale 1 

@catch-limitgenalty 
label UmaLEsp 
fisherv Eso 

@catch-limitgenalty 
label Urnax-Wsp 
fishen/ Wso 
log-scale i 
multiplier 10000 

@ogive-differencegenalty 
label h0m.migr.M 
ogivel migration[Espmgl.ratesmale 
ogive2 migration[Wspmgl.rates-male 
class 8 
multiplier 100 

@ogivedifferenceqenalty 
label h0m.migr.F 
ogivel migration[Espmgl.rates-female 
ogive2 migratian[Wspmgl.rates-female 
class 8 
multiplier 100 



A1.2.2 Differences in estimation.csl for other runs 

The only differences concerned error c.v.s. For both runs 5.2 and 5.8 the value of cvsrocess-error 
for the trawl survey biomass observations (CRsumbio, SAsumbio, SAautbio) was 0.0 rather than 0.2. 
For run 5.8, the error c.v.s for CSacous were 

and those for WCacous were 


