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EXECUTIVE SUMMARY 

Frauds, R1.C.C. (2005). Assessment of hoki (Macruronus novaezehndiae) in 2004. 

New Zealand Fisheries Assessment Report 200935. 97 p. 

A new assessment is presented for hoki. This is similar to the 2003 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 (ChathamRise and sub-Antarctic) and one acoustic survey (Cook Strait), 
and proportions at age from the four fisheries. 

A series of preliminary analyses was carried out to evaluate various modifications to assumptions that 
might be useful in the 2004 assessment. From these analyses it was concluded that: a new recruitment 
parameterisation was superior to that used previously; there were two modifications (agedependent 
natural mortality and domed selectivity) which might help in reducing the model's sensitivity to the 
maximum age in the at-age data; dropping sex from the model provided no advantage by itself but 
might be useful in conjunction with other changes; and mean length at age has increased by about 
10% between the mid 1980s and 2003 and it was desirable to include this information in the 
assessment. 

The Working Group agreed on three final model runs which were designed to illustrate important 
areas of uncertainty in model assumptions. These areas of uncertainty included the relative weighting 
for different data sets, the two alternative modifications for reducing model sensitivity to maximum 
age, and constraints on selectivity and migration. A11 three runs show that the western stock is at its 
lowest point ever (13 to 22 %B& is currently more depleted than the eastern stock, and is likely to 
have had below average recruitment in recent years (1995-2001). Continued fishing at current catch 
levels is likely to deplete this stock further and may not even be feasible. The eastern stock is 
estimated to be at or above 40 %Bo, and unlikely to be substantially depleted by continued fishing at 
current catch levels. 

Analyses carried out after the assessment showed that the assessment could be improved if some 
ogive parameters were fixed during Markov Chain Monte Carlo runs. 



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 distributed throughout New 
Zealand's Exclusive Economic Zone in depths of 50-800 rn, but most commercial fishing is at depths 
of 200-800 n There are four main fisheries: two on spawning grounds (west coast South Island and 
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). Since the TACC was originally set, for 1986-87, it has oscillated 
between its initial level of 250 000 t and 200 000 t, and dropped to 180 000 t for 2003-04 (Annala et 
al. 2003). 

Figure 1: Southern New Zealand, showing the main hoki fishing grounds, the 1000 m contour (broken 
line), and the position of all 200243 tows from TCEPRs (Trawl Catch and Effort Processing Returns) in 
which at least 10 t of hoki was caught (dots). 



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 available for HOK 1 - the 2001 MWA 
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 2004 assessment of HOK 1, which is the third hoki assessment to use 
NIWA's general-purpose stock-assessment model CASAL (Bull et al. 2003). Since the last 
assessment (Francis 2004a) there have been three new surveys: an acoustic survey in Cook Strait in 
winter 2003 (O?>riscoll & McMillan 2004), and trawl surveys in the Sub-Antarctic in November- 
December 2003 (O?Xiscoll & Bagley 2003), and on Chatham Rise in January 2004 (Livingston & 
Stevens 2004). 

The work reported here addresses objective 1 of W i s h  project HOK2003101: To update the stock 
assessment of hoki in the year 2004, including estimates of biomass, risk and yieldr. 

2. PRELIMINARY ANALYSES 

This section addresses several issues that arose during the 2003 hoki assessment and which it was not 
possible to deal with at the time. These are considered here in the context of that assessment, with the 
intention that they might provide information useful in designing the 2004 assessment. All new 
model runs presented in this section use only those data that were available during the 2003 
assessment The starting point for each of these nms was one of the three final nms from last year, 
which differed only in their weighting of the biomass data (Table 1). Each new model run used the 
same data weighting as one of these three. 

Table 1: MPD estimates for the three final rum in the 2003 assessment pE is the proportion of Bo in the 
E st& Mave is the average nahval mortality for males and females: uars is Darameters - 
Run 

- . - 
No. of objective BR VJ00 t) dp l  

Data weifitine oars function E W E W DE Mave 
5.5 o;iginai '116 -311.7 659 950 62 27 0.21 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 

The analyses address the following five questions. 

- Can we improve the parameterisation of recruitment? - Should the maximum age for otolith-based data be changed, and should a plus group be used? - Is the model improved if sex is ignored? 
-Should we relax selectivity constraints for younger fish? 
- Should year-to-year changes in mean length at age be included? 

The fust of these arose during the 2002 assessment (see section 3.3.2 in Francis et al. 2003a). The 
others came out of discussions in the Hoki Working Group during 2003 (see minutes of meetings of 2 
May and 4 September). 



2.1 Parameterisation of recruitment 

In this section I compare the recruitment parameterisation proposed for the 2004 assessment with that 
used in 2003, and show that (a) the latter overcomes a technical problem associated with the former, 
(b) they produce similar median estimates for key parameters, and (c) the latter appears to provide 
more stable MCMC estimates. 

The main features of the two parameterisations are given in Table 2. An important point to notice is 
that the parameters Ro and Bo have exactly the same meaning in both parameterisations. That is, Ro is, 
roughly speaking, the mean recruitment over a user-specified. range of years, R, and Bo is the 
spawning-stock biomass (SSB) that would occur with constant recmitment Ro and no fishing. The 
years included in R would normally be those for which there were sufficient data to obtain a 
reasonable estimate of recruitment. 

Table 2: D d p t i o n  of two alternative recruitment parameterisations used in CASAL: Haist (used in the 
2003 assessment) and Francis ( p r o m  for the 2004 asseswent). SSB, = the (mid-season) spawnhg- 
stock biomass in year y; YCS, = the relative strength of the year& spawned in year y; SSBPR = SSB 
per recruit; y-enter is the number of years after it k spawned that a year& enters the model partition; 
R = a userspeeified range of years (1977 to 1998 in the 2003 assessment); SR = stock-recruitment 
relationship (defmed so that SR(B8) = 1). For more details, see section 4.4.2 of Bull et al. (2003). 

Estimated Calculation of 
Parameterisation parameten derived parameters 
Haist (used in 2003) Bo, y, Ro = BdSSBPR 

YCSy =Y,Imean(Yy.;y'inR),foryinR 
=Y,,forynotmR 

Ry = RO YChum, SR(SsBFyMeJ 

A problem with the Haist parameterisation is that it is not possible for the user to specify prior 
distributions for the YCq. Instead they must be provided for the Y, whicb have no clear biological 
meaning. An investigation of this problem during the 2002 assessment suggested that it was not 
likely to have a major impact (see section 3.3.2 in Francis et al. 2003a). Nevertheless, it is 
unsatisfactory that a prior distribution intended for YCS, should be applied to Y, and so the Francis 
parameterisation, which does not suffer from this problem was devised. 

A key difference between the two parameterisations is that the Francis parameterisation distinguishes 
between two separate concepts of mean recruitment: R,., is the theoretical mean recruitment over all 
years (past and future), whereas Ro is the mean over the years in R. R,,, and the associated B,,, 
should be thought of as nuisance parameters whose estimates have no relevance to the assessment. 
Although there is a clear conceptual difference between R,,, and Ro (and thus between Em, and ifo)), 
we will have very little information to estimate the size of the difference. It might be thought that 
B,,,, would be indeterminate because if we were to double our estimate of B,, and halve our 
estimates of all YCS, for y in R we would obtain exactly the same values of R, for years y such that 
y-y-enter is in R. However, this change does affect the model objective function because the 
contribution from prior distributions on B,, and the YCS, would change, as would Ry for any y such 
that y-y-enter was not in R (if there were any). Thus B,,,,, is not indeterminate. 

A new MCMC run, labelled 5.6, was done which was the same as run 5.2 except for a change from 
the Haist to the Francis parameterisation (see Appendix 1 for details). Median estimates of YCSs and 
SSBs from the two runs were very simiIar, but for some parameters the marginal posterior distribution 
was longer-tailed to the right for run 5.6 than for 5.2 (Figure 2). Posterior distributions for other 



parameters (not shown) were very similar. MCMC pedonnance appeared to be better in run 5.6, in 
that there. was less variation amongst chains (Figure 3). 

EYCS W YCS 
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Figure 2: Comparison of MCMC estimates from two runs which differed ody in their treatment of 
recruitment: 5.2 (Haist parameterisation, black lines) and 5.6 (Francis parameterisation, grey lines). For 
the upper four panels the solid lines are median estimates and the dotted lines indicate 95% confidence 
intervals. 



Run 5.2 Run 5.6 

Figure 3: Cumulative probability distributions for Bo and B,,, for each of three MCMC chains 
constructed for runs 5 3  (leii panels) and 5.6 (right panels). The three chains represented in each panel 
are diflerentiated by the Line type used (solid, dotted, or broken). 



2.2 Maximum age and plus groups 

In 2003 the model partition included ages from I to 13, with a plus group at age 13. However, the 
range of ages used in the observations, and whether a plus group was included, varied amongst data 
sets (Table 3). Most of the enlxk in this table are not contentious. Those in the last three lines are 
reasonably clearly determined by the nature of the data, as are the lower age limit for the firsttwo 
l ies .  What is contentious is the upper age limit for the major otolith-based at-age in lines 1 and 2, 
and whether this should be a plus group. This was set to age 10 in the 2002 assessment, with a plus 
group, but was raised to 12. without a plus group, in 2003 after preliminary analyses (section 2.4 in 
Francis 2004a) suggested that this would be better. However, the desire not to exclude data prompted 
a further exploration of this matter. This exploration considered only the following data sets: Espage, 
Wspage, CRsumage, SAsumage, and SAautage (the non-spawning fishery data sets, Enspage and 
Wnspage, were excluded because they are small, and thus not influential, and not straightforward to 
modify). 

Table 3: Age ranges and phur gmups used for at* data sets in 2003. Tbe enMes are the 
only ones investigated in this report. 

Ace ranee Last age a 
Data set Lower Up 
Es~age, Wspage. Wnspage, SAsumage. Shutage 2 
Enspage, CRsumage 1 

2 6 

The occurrence of zero observations provides an obvious way of limiting the upper age l i t .  
Because lognormal errors are assumed we cannot use an observed proportion at age which is zero. 
Where zeroes have occurred they have been replaced by 0.0001 (for reasons given by Francis (2003)). 
There is no great harm in doing this for a few observations, but it is not sensible to do so for many. 
The incidence of zero observations in our five data sets (Table 4) suggests a maximumnon-plus group 
age of 12 for CRsumage (possibly with a plus group at 13) and 14 for the other data sets (possibly 
with a plus group at 15). 

Table 4: Number of zero observations by age and data set. 

No. of zeroes in each ~ l u s  moue No. of obs. 
10 11 12 13 14 15 16 13+ 14+ 15+ 16+ 17+ per age 

Espage 0 0  0 0 2 8 12 0 0 2 5 8  30 
Wspage 0 0 1 0 3 7 1 6  0 1 3 8 9 30 
CRsumage 0 2 3 3 5 6 12 0 1 3 3 5 24 
SAsumage 0 0 0 0 3 1 6  0 0 0 2 2  12 
Shutage 0 0  0 0 0 2 3  0 0 0  1 1  6 

2.2.1 Increasing the maximum age in the partition 

Changes associated with the maximum age were made in a series of steps. The first step was to 
increase the maximum age in the partition. This was expected to have only an insignificant effect. 
However, the increase h m  13 to 14 did have a moderate effect (a slight improvement in fit, and a 
reduction in pE and Mavg), although further increases had no additional effect (Table 5). This 
occurred because of an oversight associated with the ageing error model. This model assumed that 
15% of otoliths from 13-year old tish would be read as age 12, and a further 1% as age 11. With a 
partition plus group at 13 this meant that 15% of all fish of age 13 and older were assumed to have 
been assigned age 12. This was unintended; it would have been better to set the partition plus group 
at 15. Because we are not considering observations beyond age 14 in this report (except for plus 



groups) it is sensible to set the partition maximum age at 17. This was done for all remaining model 
runs (excluding those in Sections 2.6 and 2.7). 

Table 5: Effect of increasing the maximum age in the partition. 
Data Maximum No. of Objective BE ('000 tl 

Run weights age pars function E W 
5.2 13 116 -296.1 556 918 
1.1 as5.2 14 116 -300.5 491 1064 
1.2 as 5.2 15 116 -300.7 484 1093 
1.3 as5.2 16 116 -300.7 487 1088 
1.4 as 5.2 17 116 -300.7 485 1091 

Mavg 
0.37 
0.31 
0.31 
0.31 
0.31 

2.2.2 Increasing the maximum age in the data 

The next change concerned the coefficients of variation (c.v.s) of proportions at age. In 2003, these 
were estimated by bootstrapping and then smoothed using regression (see section 3.3.1 of Francis et 
al. 2003a). The smoothing procedure is timesonsuming, and must be repeated each time a maximum 
age is changed. Since dropping the smoothing has only a slight effect on model estimates (in Table 6 
compare run 1.4 to run 1.7, and 1.6 to 1.8) it was decided to carry out this investigation without 
smoothing. 

Table 6: Efiect of three changes to the major at-age data sets: dmpphg the wwthlng of r v s ;  increasing 
the maximum age of some data sets; increasing the number of YCSs that were estimated; and adding a 
p b  PUP.  

Data Smooth Max Plus No. of No. of Objective B? ('W tl 
Run weiehts c.v.s? aee' group? YCSs pars function E W E W pE Mavg 

1.14 as53  Y 13 Y 25 116 -273.5 715 863 62 23 0.45 0.43 
1.16 as55 Y 13/15 Y 25 116 -184.2 739 884 64 23 0.46 0.45 
1.18 as5.5 Y 13/15 Y 27 120 -189.8 735 852 58 18 0.46 0.44 
I when two ages are given the 1st is for CRsumage and the 2nd for Espage, Wspage, SAsumage, SAautage 

Next, the maximum age was increased to 14 for all the major at-age data sets except CRsumage (i.e., 
for Espage, Wspage, SAsumage, SAautage). This had a substantial effect, decreasing W biomass by 
about 25% and increasing pE (compare 1.9 with 1.7, and 1.10 with 1.8). 

With an increase in maximum age of two years we should be able to estimate an additional two YCSs 
(year-class strengths) for each stock - those for 1975 and 1976. When this change was made, Bo 
increased by about 14% for both stocks with little change in pE or Mavg (compare 1.1 1 with 1.9, and 
1.12 with 1.10). The 1976 YCSs were estimated to be above average (about 1.6) for the E stock and 



very high (about 3.4) for the W stock whereas the 1975 YCSs were estimated to be slightly below 
average for both stocks. 

Next, the effect of adding a plus group (at 13 for CRsumage, and 15 for the other data sets) was tried. 
This was done for six runs (1.13 to 1.18). In all cases this change increased both pE (to about 0.45) 
and Mavg (to about 0.44). These values are disturbingly high given the prior distributions for these 
parameters (0.45 is at the 99.8th percentile of the pE prior; 0.44 is at the 97th percentile of the pE 
prior). 

The runs in Table 6 show that the model is very sensitive to the number of ages included in the at-age 
data sets. Broadly speaking, the more ages that are included, the higher pE and Mavg become, and 
the highest estimates of these parameters are implausible. To see why this happens, I looked more 
closely at runs 1.7 and 1.8, which are roughly the same as last year's runs 5.2 and 5.5 (but with 
unsmoothed c.v.s and the partition maximum age increased to 17). In these runs the model was given 
only those observations up to age 12, but we can find out what proportions at age the model would 
expect for higher ages and compare these to the observed proportions. This comparison showed that 
the expected proportions are typically much higher than those observed, and increasingly so with 
increasing age (Figure 4). For al l  data sets the disparity between observed and expected is markedly 
greater for males than for females. Also, the disparity for the purely W data sets (Wspage. 
SAsumage, SAautage) is usually greater than that for the purely E (Espage). From this plot we can 
see why the estimate of Mavg increases as we increase the maximum age in the observations. This is 
the only way the model can explain the lack of older fish. A separate analysis found that there is no 
consistent temporal trend in the disparity (Francis 2004b). 

Run 1.8 

20 S 
E = Espage 
W = Wspage 
C = CRsumage 
S = SAsumage 
s = SAautage 

Age 
Figure 4: A comparison between the expected and observed proportions at ages 13 to 15+ in runs 1.7 and 
1.8. Each plotted point shows the median of the expected proportions divided by the observed 
proportions, where the median is calculated over all years for one age c1a.w and sex in one data set. Data 
sets are identified by the plotting symbol (see key); sex is identified by colour @la& for male, grey for 
female). The observed proportions were all less than 0.1 and most lay between 0.001 and 0.01. 

2.2.3 Adding age-dependent natural mortality 

Results obtained after the 2003 assessment suggested that allowing natural mortality (M) to be age- 
dependent improved results in that pE and Mavg were both reduced (see run 6.5, section 7.3 in 
Francis 2004a). Selected runs from Table 6 were repeated with agedependent M. In these runs it 
was necessary to supply two prior distributions for each age: one for the average, (Mmk + Mfemk)/2, 
and one for the difference, (M& - Mr.,*). These priors were the same as those used for the runs in 
Table 6 except that the variances were increased by a factor of 17 (the number of age classes). This 



ensured that the implied prior distribution for Mavg (the average of M by sex and age) was the same 
as used in Table 6. The effect of allowing agedependent M was to make the assessment much less 
sensitive to changes in the range of the age data (Table 7) and to achieve a significantly better fit to 
the age data (Table 8). (It might be thought that the comparisons in Table 8 are inappropriate for at- 
age data sets because the processerror c.v.s change with each fit for these data sets. This issue is 
explored in Appendix 2, where it is shown that the change i n  these c.v.s has little effect.) The 
estimated natural mortalities are shown in Figure 5. 

Table 7: MPD estimates for four model runs which diier from seleeted runs in Table 6 only by the 
addition of age-dependent natural mortality. 

Data At-age Modified No. of Objective 
Run weights data fromrun pars function E W E W pE Mavg 
2.1 as 5.2 original 1.7 148 -288.8 439 860 38 15 0.34 0.29 
2.2 as 5.5 original 1.8 148 -302.6 484 816 52 16 0.37 0.29 
2.3 as 5.2 extended 1.17 152 -237.3 444 843 39 15 0.34 0.39 
2.4 as 5.5 extended 1.18 152 -250.3 482 820 50 16 0.37 0.39 

Table 8: Improvement in fits to the major data sets when natural mortality is made age-dependent. For 
each data set, the improvement is shown by the change in the BSSOeiated component of the objective 
function (rounded to the nearest integer), with positive numbers indicating an improvement in the fit. 

Data set 
CRsumbio 
CSacous 
SAautbio 
SAsumbio 
WCacous 

Espage 
Wspage 
CRsumage 
SAsumage 
Shutage 

All 

Data weights: as 5.2 
At-age data: original 

Run numbers 1.7 & 2.1 

as 5.5 
original 

1.8 and 2.2 

1 
0 
0 

-0 
-0 

-3 
2 

13 
9 
3 

24 

as 5.2 
extended 

1.17 & 2.3 

3 
-0 
1 

-1 
0 

18 
8 

26 
9 
6 

70 

as 5.5 
extended 

1.18 & 2.4 

0 
-0 
0 

-0 
0 

19 
8 

22 
12 
7 

69 

Age 
Figure 5: Estimates of natural mortality by age for model runs 2.1 and 2.3 (very similar estimates were 
obtained for runs 2.2 and 2.4, respectively). 



2.3 Ignoring sex 

Including sex in the model partition doubles the number of at-age observations and may distract the 
model from its primary task of estimating biomass trends. The effect of ignoring sex is investigated 
in this section. 

2.3.1 Growth curves for sexes combined 

The fmt step in making model runs which ignored sex was to estimate growth parameters for each 
stock for the sexes combined. This was done using the catchsampling data h m  the two spawning 
fisheries. For each year's data from a fishery, NlWA's catch at-age software was used to calculate an 
age-length key (ALK) and a length frequency (LF) for the sexes combined. The mean length at age a 

was then estimated as E, = [x,~, ALK,~.]/[~.ALK,LF,], where i indexes the length classes 

(note that this calcuiation avoids any bias that might arise because some length classes are over- 
sampled for otoliths). For each stock, a von Bertalanffy curve was fitted, by maximum-likelihood, to 

al l  mean lengths at age for that stock, using an error model that assumed that i, , the estimate from 

year y, was normally distributed with standard deviation (s.d.) ua, with the a. following a von 
+(.-b. Bertalanffy curve, o, = 0- [1 - e- '1. Thus, six parameters were estimated: three von 

Bertalanffy parameters to describe the mean length at age, and another three to describe the error 
structure. This approach gives equal weight to each year's data but assigns less weight to ages for 

which the z, are more variable. The estimated parameter< (Table 9) produce growth curves which -, 
lie between those already used for males and females, but closer to the female curves (Figure 6A, B). 
The curves fit the data reasonably well (Figure 6C, D) except for the oldest ages (greater than 15 y). 
Note that the previously used growth curves for males and females do not fit the oldest ages well 
either (see Figure 4E-El). The use of the four-parameter Schnute curve (Schnute 1981). in place. of 
the threeparameter von Bertalanffy, was investigated, but this curve did not fit the oldest ages much 
better. 

Table 9: Comparison of ihe von BertalanaffP parameters gtimated, by stock, for both sexes combmed 
with those previously used, by stock and sex, in tbe hoki asesment. 

stock Sex k (Y-') to (Y) L (cm) 
E male 0.232 -1.23 89.5 
E female 0.161 -2.18 101.8 
E both 0.164 -2.16 100.8 

W male 0.261 -0.50 92.6 
W female 0.213 -0.60 104.0 
W both 0.206 -0.96 102.1 

2.3.2 Dropping sex 

Model runs 1.23-1.26 were modified from runs 1.7, 1.8.1.17, and 1.18, respectively, by ignoring sex. 
The key changes to CASAL input files are as follows: 

- set @sex-partition F; 
-in @recruitment blocks, drop p-male; 
- estimate a single natural mortality parameter, rather than two; 
- for all migrations, estimate one ogive, rather than two (male and female); 
-change to the new von Bertalanffy parameters; 
-replace all at-age data by unsexed data; and 
-treat pspawn as applying to all fish, rather than just females. 
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in the at-age data sets. When the extended data are used (in runs 1.25 and 1.26). estimates of pE and 
Mavg become much higher (Table 10). though not quite as high as in the runs from which they were 
modified (1.17 and 1.18). 

Table 10: MPD estimates 'Tor four model runs which diier from selected runs in Table 6 only by the 
removal of sex. 

Data At-age Modified No. of Objective Be ('000 t) 
Run weights data fromrun pars function E W E W pE Mavg 
1.23 as 5.2 original 1.7 99 -252.9 529 1016 34 26 0.34 0.26 
1.24 as 5.5 original 1.8 99 -260.2 577 1051 43 31 0.35 0.27 
1.25 as 5.2 extended 1.17 103 -248.8 652 874 46 21 0.43 0.42 
1.26 a s  5.5 extended 1.18 103 -261.1 695 882 55 21 0.44 0.42 

2.3.3 Changing ogives 

It was shown above that the reason the model is so sensitive to an increase in the maximum age in the 
data is that, relative to the model expectations, we observe too few older fish (see Figure 4). We can 
change the model expectations by changing ogives. In particular, domed selectivities imply that 
fewer old fish will be observed. This suggests that we should allow the selectivities for the spawning 
fisheries (Bps1 and Wspsl) to be domed (all other selectivities are already allowed to be domed). The 
following changes in ogive assumptions were made for runs 1.27-1.30: 

- Espsl and Wspsl were allowed to be domed, 
- all selectivities were made age-based (without sex in the model there is no reason for them to be 
size-based); and 
- Espsl and Wspsl were not forced to be equal but Espmg and Wspmg were. 

Results from these runs (Table 11) showed estimates of Mavg which are much lower, but still 
sensitive to the number of ages included in the at-age data sets; pE was less sensitive to the at-age 
data. When the spawning selectivities were allowed to be domed they were estimated to be strongly 
so, and other selectivity curves tended to become more domed (Figure 7). The migration ogives were 
not strongly affected by the change in selectivities, but the derived ogives Espcomp, Wsp.comp, and 
Wsp.full were (Figure 8). The following table provides a reminder of the definition of some of these 
ogives. 

Whom proportion of those W fish that are still in CR at a given age that migrate to SA 
Whom.cumu1 proportion of W fish that have migrated from CR to SA by a given age 
Esp.comp proportion of CR E fish available to Esp fishery 
Wsp.comp proportion of SA fish available to Wsp fishery 
Wsp.full proportion of all W fish available to Wsp fishery 

Table 11: MPD estimates for four model runs which diier from selected runs in Table 6 only by the 
removal of sex and changes in ogive srmmptions (see text). 

Data At-age Modified No. of Objective B ' t &, (%Ed 
Run weights data from run pars function E W E W pE Mavg 
1.27 as 5.2 original 1.7 95 -276.7 686 1396 34 39 0.33 0.16 
1.28 as 5.5 original 1.8 95 -282.6 729 1337 38 35 0.35 0.17 
1.29 as 5.2 extended 1.17 99 -278.7 674 1169 38 30 0.37 0.30 
1.30 as 5.5 extended 1.18 99 -286.0 806 1206 48 32 0.40 0.31 

A strong difference between the runs in Tables 10 and 1 1 is the current status of the W stock which is 
estimated to be at 21-31 %B0 in Table 10 and 30-39 %Bo in Table 11, despite there being no great 
difference in the fits to the biomass indices (Figure 9). 
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Figure 7: Estimated selectivity ogives for selected runs from Tables 10 and 11 (the change in data weights 
has Little effect on these ogives, so, e.g., the ogives for run 1.24 are similar to those for run 1.23, etc). 



Run 1.23 Run 1.25 Run 1.27 Run 1.29 

Figure 8: Estimated migration and derived ogivos for selected runs from Tables 10 and 11 (the change in 
data weights has little effect on these ogives, so, e.g., the ogives for run 1.24 are similar to those for run 
1.23, etc). 
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F i r e  9: Fits to biomass indices for selected runs from Tables 10 and 11. Observed and expected values 
of the indices are plotted as '0' and 'E', respectively. 



2.4 Relaxing selectivity constraints for younger fish 

In the minutes of the Hold Working Group meeting of 4 September 2003 it was suggested that "the 
feasibility of relaxing selectivity constraints for younger fish in the model" should be investigated. 
The intent of this suggestion is clear. The model allows no year-to-year variation in selectivity, 
except for horizontal shifts in Wspsl (which are driven by changes in the timing of the fishery). 
However, it is very likely that the selectivities vary from year to year, particularly for the younger 
fish. This variation could be caused by changes in the behaviour of either fishers (e.g., targeting 
strong year classes) or fish (e.g.. differences in timing of arrival at the fishing grounds), and could 
affect both fishery and survey selectivities. By somehow relaxing the model constraint on year-to- 
year fluctuations in the selectivity of young fish we may counter any deleterious effect that these 
fluctuations have on model performance. Before considering how we might achieve this relaxation I 
will investigate one possible cause for the fluctuations. 

It could be that young fish from strong year classes are more (or less) selected -either because they 
are targeted (or avoided) by fishers, or because they behave differently from fish in weak yearclasses. 
This would be seen in model outputs as a positive (or negative) correlation between the residuals from 
the at-age data and the size of the year class. No such correlation was apparent (Figure 10; none of 
the panels in this plot shows a significant correlation). 

It is not straightforward to modify CASK so that it, in some sense, relaxes the selectivity constraints 
on young fish. However, we can approximate the effect of such a change. The normal model 
assumption is that only changes in abundance can cause year-to-year variation in observations of 
young fish because the selectivities do not change (apart from Wsp). By relaxing our constraint on 
selectivity; we would be saying that this variation is caused partly by changes in abundance and partly 
by changes in selectivity. In other words, this relaxation decreases the information content of our 
observations. A similar effect can be obtained very simply by increasing c.v.s. Two additional model 
runs were made in which the input files were exactly the same as for run 5.2 except that c.v.s for 1- 
and 2-year old fish were first doubled (run 1.31). and then quadrupled (run 1.32). The original c.v.s 
varied greatly amongst data sets (Figure 11). The effect of increasing them was minimal (Table 12). 

Table 12: Effect on MPD estimates of increasing ( I h t  doubling, then quadrupling) the c.vs of 
proportions-at-age observations of young fish (ie, 1- and 2-year old). 

No. of Objective Bn 1'000 t) & (%Bn) 
Run C.v.s for young fish pars function E W E W pE Mavg 
5.2 original 116 -296.1 556 918 46 23 0.38 0.37 
1.31 doubled 116 -300.2 603 942 47 24 0.39 0.38 
1.32 quadrupled 116 -276.1 638 966 47 24 0.40 0.39 

The Working Group decided that it was not worth pursuing the matter of selectivity constraints any 
fiuther. 
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F i r e  10: N o r m a l i  residuals (averaged over sex) for 1+ and 2+ Gsh from at-age data sets plotted 
against the size of the year class for run 5.2. The plotting symbol identifies the year-class. There is one 
panel for each major data set (smaller data sets were combined with similar major ones: the panel 
labelled Ensp contains EnspOLF and Enspage, and that labelled SAage contains SAautage and 
SAsumage). The plotted year-class size is for the E stock in CS, for W in SA and WC, and for both stocks 
in CR. Residuals were averaged over sex because they were similar for males and females 



Figure 11: cvs of proportions-at-age observations 
for 1- and 2-year olds plotted by data set. The 0.1 C.V. 0.5 of proportion 5.0 at age 50.0 
plotting symbol identifies the age. 

2.5 Changes in mean length at age 

In all the model nms to date, mean length at age was assumed to be the same in every year and was 
calculated from von Bertalanffy parameters (one set of parameters for each sex in each stock). In this 
section I show that our data indicate that mean length at age has increased over time, and then 
investigate the effect of incorporating these data in the model. 

2.5.1 Examining the data 

Means and s.d.s of lengths at age were calculated for all at-age data sets via the age-length key (as 
described in Section 2.3.1, but by sex). We look, first of all, at the data sets which were collected near 
spawning time (Espage, Wspage, and, to extend the time series, two Shinhi Man voyages shi8303 
- SA in October - and shi8602 - CR in July). For both stocks, a gradual increase in mean length 
at age is readily apparent in the middle ages (say 3 to 7). but some data are missing in the younger 
ages, and mean lengths for the older ages are very variable (Figure 12). 

In order to use these mean lengths in CASAL we need to fill in missing data, and it also seems 
sensible to apply some smoothing. This was done as follows. 

1. To ensure that mean length increases with age, mean lengths for ages greater than 6 were replaced 
by values from a von Bertalanffy curve fitted (by least squares) to the mean lengths for these ages 
(this was done separately by year, stock, and sex). 

2. Linear interpolation was used to reduce the mean lengths from shi8303 to those expected in July 
(assuming that the original mean lengths applied to ages 1.25.2.25, etc). 



3. As there are no consistent male-female or E-W differences in mean length at age 1, the mean 
lengths at this age for each year were replaced by the average over sex and stock (for this analysis, the 
two Shinkni Maru voyages were treated as being from the same year). The mean lengtbat age 1 for 
2001 (missing for both sexes and stocks) was taken as the average of the values for 2000 and 2002. 

4. Missing values for age 2 Espage females in 1989 and 1990 were replaced by the corresponding 
values for males. 

After these adjustments the trends in mean lengths were more clear-cut across all ages (Figure 13). 

To see whether the mean lengths from the spawning fisheries were consistent with those from 
Tamgaroa surveys (data sets CRsumage, SAsurnage. SAautage), they were plotted together. As in 
the assessment model, fractional ages were used for the survey data to allow for the time of year at 
which they were collected (e.g., a 3+ fish was assumed to have age 3.5 in SAsumage, 3.6 in 
CRsumage, and 3.9 in SAautage). These plots Figure 14) show that the survey mean lengths were 
typically less than those expected from interpolation of the spawning-fishery data, with the difference 
being much greater for CRsumage than for SAsumage and SAautage, and also greater for females 
than for males (first three l i e s  of Table 13). 

The difference between CRsumage and Espage would be even greater if we had been able to exclude 
W fish from the former data set, because W fish are typically longer than E fish of the same age. 
Thus, we might expect the mean lengths at age in CRsumage to lie between those for Wspage and 
Espage for the early ages and then tend downwards towards the values for Espage as age increases. 
However, the CRsumage mean lengths were almost always less than those for Espage. 

One reason for the differences shown in Figure 14 might be that there is a marked difference between 
the selectivities of survey and commercial vessels, with the latter selecting larger fish. To examine 
this possibility, I calculated mean lengths at age for two years for the E non-spawning fishery (using 
the age~length data from which the Enspage data set was constructed). The results were inconclusive. 
In 1999, the Enspage mean lengths were much closer to those from CRsumage than to Espage, but in 
2000 it was the other way round (see last four lines of Table 12). 

Table 13: Median differences between mean lengths at age from the spawning ftberies and those from 
other at-age data sets. AU differences were for matching cohorts and were calculated at the ages 
appropriate for the survey sampling dates For Enspage, mean lengths at age were ealculated from von 
Bertalanffy curves fitted to unweighted age-length pairs, where ages were to the month, assuming a July 
birthday ( e . ~ ,  a 3+ fwh collected in February was assigned an age of 3 + 7/12). 

Median difference (an) 
Years (spawninp, fishery -other) 

Spawning data Other data compand male female 
Wspage SAsumage all 0.8 1.8 
Wwge S Aautage al l  1 .O 2.5 

Espage CRsumage all 3.2 5.4 
1999 4.8 6.3 
2000 3.0 3.5 

Espage Enspage 1999 3.5 4.4 
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Figure 12: Mean lengths at age, by sex and stock, estimated from the observer data in the spawning 
fsheries w a g e  and Wspage) and two Shinkui Maru surveys: shi8602 for W, and shi8303 for E The 
plottiag symbols indicate the last digit of the age represented. All mean lengths except for those from 
shi8303 (which was in October) are for winter. 
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Figure 13: As in Figure 12, except that some mean lengths have been adjusted (see text) and regression 
lines (dotted lies) have been added for each age to indicate the trend. 
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W = Wspage; S = SAsumage; s = SAautage 

1984 male 1984 female 

l l 0 l I  11ol I 
loo 

70 

60 60 

4 6 8 10 12 4 6 8 10 12 

1986 male 1 986 female 

1988 male 1988 female 

1990 male 

110 

4 6 e rb12 

- lm female 

1992 male 1992 female 

I I O ~ I  11o.l 

Figure 14: Comparison of mean lengths at age from spawning f~heries (Espage and Wspage) and 
surveys (CRsumage, SAsumage, SAautage). Each panel shows mean lengths +I- 2 s d s  for a single cohort 
and stock. Only selected cohorts are plotted but the pattern was similar in all cohorts. 



2.52 Using mean length data in the assessment 

Two further model runs were made in which the adjusted mean length at age estimates of Figure '13 
were used. These mean lengths were taken by the model as being the true mean lengths at spawning 
time (time step 5) for the specified years. The mean lengths from the two Shinkai Maru voyages (in 
1983 and 1986) were both entered for year 1984 (because CASAL currently requires that mean length 
data be provided for the same years in both stocks). Mean lengths at spawning time in other years 
were calculated from these data, either by interpolation (for years between 1984 and 1988) or by using 
the values from the nearest year (e.g., mean lengths for years before 1984 were taken as being the 
same as in 1984). Mean lengths at other time steps within each year were calculated by interpolation. 
One run (1.35) was based on the original run 5.2, and the other (1.40) was based on 5.5. See 
Appendix 3 for the modilkations to the CASAL input Nes that were required to use these mean 
length data. 

The effect of using the mean length data was relatively small. Estimates of B, and Ma,, were slightly 
reduced, pE was unchanged, and Baa as a percentage of Bo was similar or slightly lower (Table 14). 
Biomass trajectories (whether expressed in tonnes or as a percentage of Bo) were lower in the early 
years, by about 15% (Figure 15). This is because of the rising trend in mean lengths at age: the mean 
lengths used in calculating Bo were averaged over all years, and were thus were greater than those in 
the early years. However, the biomass trajectories were very similar in the current year. Changes in 
the estimated YCSs were typically small (less than 10%). with the early YCSs tending to increase and 
the later YCSs decrease (Figure 16). 

Table 14: Effect on MPD estimates of using mean length at age data in the model 
No. of Objective En ('000 t) u d  

Run Description pars function E W E W pE Mavg 
5.2 original5.2 116 -296.1 556 918 46 23 0.38 0.37 
1.35 5.2 using observed mfm lengths 116 -295.4 538 877 44 22 0.38 0.35 

5.5 original5.5 116 -311.7 659 950 62 27 0.41 0.39 
1.40 5.5 using observed mean lengths 116 -312.5 639 927 61 28 0.41 0.37 

We cannot justify the use of the mean length data on the grounds that it improves the fit to the data. 
Overall, and for most individual data sets, there is little or no change in goodness of fit (though we fit 
Espage a bit better and CRsumage a bit worse) (Table 15). 

Table 15: Gain in goodness of fit when mean bgtb data are used. The tabulated numbers are the 
change in the objective function component (rounded to the nearest integer) for individual data sets, with 
a positive number indicating an improvement in fit. 

From m 5.2 to run 1.35 From run 5.5 to run 1.40 
CRsumbio 0 0 
CSacous 0 0 
SAautbio 1 0 
SAsumbio -2 -1 

WCacous 
CRsumage 
Shutage 
SAsumage 
EnspOLF 
Enspage 
Espage 
WnspOLF 
Wnspage 
Wspage 
All (including priors and penalties) 
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Figure 15: Effect of using mean length data on estimated biomass trajectories. Trajectories are given for 
original runs (52 and 5.5, solid lines) and alternative runs using the mean lengths (135 and 1.40, broken 
Lines). These are plotted for both E (left panels) and W (right panels) st&, and are expressed both in 
tomes and as a percentage of Bo. 
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Figure 16: Effect of using mean length data on estimated YCSs for the E (left panel) and W (right panel) 
stocks. Each plotted line is the ratio (estimate using mean lengtbs)/(estimate without using mean lengths). 

We can show that using the mean length data has little effect on our parameter estimates. To do this, 
we think of the diierence between the biomass trajectories in runs 5.2 and 1.35 as occurring in two 
steps. The first step involves using the mean lengths in the model but changing no parameter 
estimates, and the second step involves changing from the parameter estimates of run 5.2 to those of 
1.35. If we compare the biomass trajectory after step 1 (I call this the intermediate trajectory) with 
those for runs 5.2 and 1.35, we see that it is very similar to the latter (Figure 17). That is, the change 
of parameter estimates at step 2 (from run 5.2 to run 1.35) makes little difference to the biomass 
trajectory. The analogous plots for runs 5.5 and 1.40 produce a similar conclusion. 

E SSB ('000 t) 
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Figure 17: Es t i i t ed  biomass trajectories for runs 5.2 and 135 compared with intermediate trajectories 
obtained by using the mean length data in the model but evaluating the trajectories at the parameters 
estimated for run 5 2 .  



3. MODEL ASSUMPTIONS AND INPUTS FOR 2004 

This section provides a fairly detailed summary of all model assumptions and inputs for the 2004 
assessment. A complete description is contained in the model input files (given in full, for the final 
runs only, in Appendix 4), in conjunction with the CASAL manual (Bull et al. 2003). 

The model uses Bayesian estimation. In describ'ig 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 m e  of the Posterior Qistribution, 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 Carlo 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 wefe 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 2003 assessment. There are two stocks, eastern 
(E) and western (W). Fish from the former migrate back and forth between their spawning grounds in 
Cook Shait (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 P C )  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. 

It is useful to have a consistent system of labels to refer to the many components of the model (Table 
16). 

3.2 Partition and annual cycle 

The model partition divides the population into two sexes, 17 age groups (1 to 17+), four areas 
corresponding to the four fisheries (CR, WC, SA, and CS), and two stocks (E and W). This differs 
from what was used in 2003 only in that the number of age groups has increased (from 13 to 17) to 
allow for more ages in the at-age observations and avoid problems with the ageing-error matrix (see 
Section 2.2.1). 

The model's annual cycle (Table 17) is the same as in 2003. The cycle is based on the fishing year 
(October to September) and divides this year into five steps. 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 17 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 17 
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. Fish first appear in the model, at about age 1.6, when they arrive as new 
recruits in CR in December (at the beginning of time step 2). 



Table 16: Labels used in describing the model and observations. 
Quantity 
Stock 

Area 

Fishery 

Observation 

Migration 

Selectivity 

- 
Abbreviation Description 
E eastern stock 
W western stock 
CR Cbatham Rise 
CS Cook Strait 
S A sub-Antarctic 
WC west coast South Island 
ESP E spawning fishery 
wsp W spawning fishery 
Enspl. Ensp2 first and second parts of E non-spawning fishery 
Wnspl, Wnsp2 first and second parts of W non-spawning fishery 
CSacous CS acoustic biomass index 
WCacous WC acoustic biomass index 
CRsumbio, CRsumage biomass index & propns at age from CR summw trawl survey 
SAsumbio, SAsumage biomass index & propns at age from SA summer trawl survey 
SAautbio. Shutage biomass index & propns at age from SA autumn trawl survey 
PSPawn proportion spawning (estimated from SA autumn trawl survey) 
Espage, Wnspage, etc proportions at age in catch from given fishery (from otoliths) 
EnspOLF, WnspOLF proportions at age in catch from given fishery (from oLF') 
Ertn, W m  r e m  migrations of E and W fish from spawning 
Whome migration of juvenile 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 selativitv in trawl survevs 

Derived ogives Whome.cumul proportio> of fish that have migrated 
Esp.comp proportion of CR E fish available to Esp fishery 
Wsp.comp proportion of SA fish available to Wsp fishery 
Wsp.Ml proportion of all W fish available to Wsp fishery 

'OW is a computer program that estimates proportions at age from length frequency data (Hicks et al. 2002) 

Table 17: Annual cycle of the assessment model, showing the processes taklng place at each time step, 
their sequence within each time step, and the available observations (exeluding catch at  age). This is 
unchanged from that used in 2003. M fraction is tbe 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+ fish is treated ss being of age 
2.25 in that time step. The last column ("propn. mart.") shows the proportion of that time step's 
mortality that is assumed to have taken place when eacb observation is made. 

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

1 Oct-Nov migrations Wrtn: WC->SA, l%bx CS->CR 0.17 0.25 - 

2 Dec-Mar recruitment at age I+ to CR (for both stocks) 0.33 0.60 
p a d ,  non-spawning fisheries (Enspl. Wnspl) SAsum 0.5 

CRsum 0.6 

3 Apr-Jun migration Whome: CR->SA 0.25 0.90 
p d .  non-spawning fisheries (Ensp2, Wnsp2) S h u t  0.1 

PsPau'" 

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

5 Jul-Sep increment ages 
spawning fisheries (Esp, Wsp) 

0.25 0.0 CSacous 0.5 
WCacous 0.5 

Three types of migrations are modelled. The fust (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 Ean, Wrtn). 

3.3 Ogives 

The ogives used in the mode1 are the same as in 2003: six selectivity ogives (one for each of the four 
fisheries - Espsl, Wspsl, Enspsl, Wnspsl - and one each for trawl survey in areas CR and SA - 
CRsl, SAsl), and three migration ogives (for migrations Whome, Espmg, and Wspmg). Two sets of 
ogive assumptions were used in the final runs (Table 18), that for runs 3.1 and 3.4 being the same as 
was used in 2003 forall final runs. 

Table 18: Ogive assumptions for the three fmal runs. In the ogive constraints, ePS refers to the ogive 
value at age 7 for female tish from the E stock, ete 
Runs Ogive type Description Consbaints 
3.1.3.4 Spawning selectivity Length-based, logistic same for M and F, same for E and W 

Non-spawning selectivity Length-based, double-normal same for M and F, must be domed' 
Survey selectivity Length-based, double-normal same for M and F, must be domed' 
Home migration Free, ages 1-7 same for M and F. =1 for age > 7 
Spawning migration Free, ages 1-8 OSME = 0s.u.w. 0 s . ~ ~  = %w 2 0.6 

0 p O S  for A > 8 
3.12 Spawning selectivity Age-based, double-normal 

Non-spawning selectivity Age-based, double-normal 
Survey selectivity Age-based, double-normal 
Home migration Free, ages 1-7 =I for age > 7 
Spawning migration Free, ages 1-8 same for E and W, 0.,=08 for A > 8 

' see figure 11, and associated text, of Francis et al. (2003a) for an explanation of what this means 

As in 2003, the model estimated annual changes in Wspsl (the selectivity ogive for W spawning 
fishery). These changes are driven by the median day of the fishery (Table 19). Annual changes in 
the selectivity for the other fisheries were not estimated in 2004 because these were shown not to 
improve model fits in 2003 (Francis 2004a). 

Table 19: Median catch day by year for Wsp, as used in estimating annual changes in the seleetivily 
WspsL The mean value was used for all years (including 2061) for which there was catch but no 
descriptor data. 

1995 1996 1997 1998 1999 2000 2001 2002 2003 Mean 
307 312 310 311 309 309 309 308 309 305 

Four derived ogives provide further insights into the model processes. Whorne.curnul shows the 
cumulative effect of the Whome ogive. The distinction between these two ogives is that for each age, 
Whome describes 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). Espcomp 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.ful1 is the product of Whome.cumu1, Wspmg, and Wspsl. 
Wsp.comp is the proportion of the W fish in SA that are available to the Wsp fishery; Wsp.fu1l is the 
proportion of all W fish (including those in CR) that are available to this fishery. 



3.4 Other structural assumptions 

For each stock, the population at the start of the fishery was assumed to have a stable age structure 
with biomass, Bo, and constant recruitment, Ro. The Francis parameterisation of recruitment (see 
Section 2.1) was used. Thus, recruitment at age 1 in year y in each stock was given by R, = R,, x 
YCSY2 x SR(SSB,z), where YCS, is the yearclass strength for fish spawned in year y, SR is a 
Beverton-Holt stock-recruit relationship with assumed steepness 0.9 (following Cordue 2001). R,, is 
the expected recruitment (ignoring the stock-recruit relationship), and SSB, is the mid-season 
spawning stock biomass in year y. Ro is calculated as R-Y-, where Y,, is the mean YCS over 
the years 1975 to 1999, inclusive (so Ro is mean recruitment over those years, ignoring the effect of 
the stock-recruit relationship). 

Twentyeight YCSs were estimated for each stock for years 1975 to 2002. As in 2003, recent YCSs 
were constrained (by a penalty function) to be the same. in the E and W stocks for MPD runs, but this 
constraint was removed for the full Bayesian m s .  (These constraints were accidentally applied to the 
wrong YCSs - to 1999-2001, rather than 2000-2002 - but fortunately this m o r  was of little 
consequence because managemat advice was based on the Bayesian runs.) YCSs for the initial years 
(1970 to 1974) were fixed at 1. 

The maximum exploitation rates assumed were the same as in 2003: 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. 

As in 2003,.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 biologlcal parameters 

As in 2003, the catches used in the model (Table 20) were calculated by apportioning the official total 
catch for each year amongst the six fisheries using the method described in Table 21. The assumed 
catches for 2004 are those for 2003 scaled to sum to the 2004 TACC of 180 000 t. The proportion of 
the catch taken from the western fisheries (Wsp, Wnspl, Wnsp2) increased steadily between 1996 and 
2002, but then dropped in 2003 when fishers shifted effort from west coast South Island (Wsp) to 
Cook Strait @p) in response to the 2003 assessment and poor catch rates in Wsp (Figure 18). 

The only fixed biological parameters in the model are the length-weight parameters (a = 4.79 x lo4, b 
= 2.89), the proportion of recruits that are male (0.5). and the mean lengths at age. The only change 
from 2003 concerns the mean lengths at age which, for initial runs, were allowed to vary from year to 
year based on observed values (see Section 2.5). Because this change slowed initial MCMC runs 
considerably, and because it did not have a strong affect on assessment results (see Section 2.5.2). it 
was reversed for the final MCMC m s  (i.e., mean lengths at age were calculated from the same von 
Bertalanffy parameters as in 2003). 



Table 20: Catches (t) by fiihery and fihing 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 
2004 

Fishery 
E n s ~ l  Enso2 Wnspl Wnspl ESP WSP 

Table 21: Method of dividing annual catches into the six model Gsheries @+p, Wsp, Enspl, Ensp2, 
Wnspl, and Wnspl). The small amount of' catch reported in the areas west coast North Island and 
Challenger ( typidy 100 t per gear) was ignored (which means that this catch &s pro-rated across all 
fisheries). 

Area Oct-Mar Apr-May Jun-Sep 
West coast South Island; Puysegur W ~ P  W ~ P  W ~ P  
Sub-Antarctic Wnspl Wnsp2 Wnsp2 
Cook Strait; Pegasus Enspl Ensp2 ESP 
Chatham Rise; east coasts of South Island & North Island; null' 
I 

Enspl Ensp2 Ensp2 
no area stated 
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Figure 18: Annual catches by fishery for the spawning (top left panel) and non-spawning (top rigbt 
panel) fisheries, and annual percentage of catch caught in western fiheries (Wsp, Wnspl, Wnsp2) 
(bottom panel). 

Three types of observations were used in the model: biomass indices (Table 22). proportions at age 
(and sex) (Table 23, Figure 19). and proportion spawning (Table 24). Biomass indices new to this 
assessment came from the Cook Strait acoustic survey in winter 2003 (O'Driscoll& McMillan 2004) 
and trawl surveys of the Sub-Antarctic in December 2003 (O'Driscoll & Bagley 2004) and Chatham 
Rise in January 2004 (Livingston & Stevens 2004). All the previous Cook Strait acoustic indices and 
their total c.v.s have been recalculated (O'Driscoll & McMillan 2004). but the revised values are not 
substantially different from the previous values. 

Table 22: Biomass indices ('000 t) used in the assessment, with observation and total c v s  (respdvely) 
in parentheses values are new to this ar*wsrment. 

CRsumbio SAsumbio SAautbio CSacous WCacous 
- 
- 
- 
- 

80 (0.07.0.21) 
87 (0.06.0.21) 

loo (0.09.0.22) 
- 
- 
- 
- 
- 
- 

56 (0.13.0.24) 
38 (0.16.0.26) 



* , Table 23: Description of the proportions-at-age obsenatious used in the assessment Tbese.@ta derive 
either from otolith or from the length-frequency analysis program OLF (Hicks et al. 200th &.@@@@ 
years are new to this assessment 

Source of 
Area Label Data type Years age data 

I wc Wspage Catch at age 1 9 8 a  otoliths 

I SA WnspOLF Catch at age 1992-94,96,9W OLF 
Wnspage Catch at age otoliths 
SAsumage Trawl survey otol~ths 
SAautage Trawl survey 1992.96.98 otoliths 

CS Espage Catch at age 1988 otoliths 

CR EnspOLF Catch at age 1992.94.96.98 OLF 
Enspage Catch at age 1999-01, otoliths 
CRsumage Trawl survey 19923 otoliths 

Tebk 24: Proportion spawning data, pspam. Tbese are estimates, from the 1992 and 1998 SAaut 1 : surveys, of the proportion, by age, of females that were expected to spawn in the following winter. 
Age 

. 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 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-based, 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 only 

. . since sufficient otoliths have been collected from these fisheries. Because the fisheries are spread 
" .  over many months, these proportions at age must be estimated d i i t l y  (rather than via an age-length 
. . key). Two additional years' data of this type are available for this assessment because more speedy 

processing of the otoliths has, for the first time, allowed data from the previous year to enter the 
assessment. The third group of data, which is OW-based, is less reliable because of the difficulty of 
inferring age distributions from length data alone. 

The way the proportions-at-age data enter the model varies amongst data sets (Table 25). Preliminary 
analyses (see Section 2.2) suggested that more of these data could be used than was the case in 2003 
(i.e.. maximum ages were &eased and a plus group was used). For the otolith-based data sets the 
maximum ages were set as high as was possible without allowing the percentage of data points 
requiring this adjustment to exceed 2%. As in 2002, all proportions less than 0.0001 were replaced by 
0.0001 (for reasons, see (Francis et al. 2003a)). 

The skewed sex ratio is a striking characteristic of the at-age data. The proportion of males is 
typically close to 0.5 in the first few years of life but then progressively declines, starting at about age 
5, and falls below 0.2 for ages over 11. 



Espage ages 2-15+ 
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EnspOLF ages 16+ 

I Enspage ages 1-:3+ 
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Figure 19: 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. Circle positions for the SAautage 
data have been offset horizontally to allow them to be plotted on the same panel as the SAsumage data. 



Table 25: Age ranges and plus groups used for at-age data sets. Changes since the last assessment are 
(with previous values in parentheses). 

Age range Last age a 
Data set Lower plus group? 
Espage, Wspage, SAsumage, Shutage 2 
Wns~aee 2 

@(no) 
&(no) . - 

mumage. Enspage 
I WnsoOLF 

3.7 Error assumptions 
. . 

The error distributions assumed were robust lognormal (Bull et al. 2003) for the proportions-at-age data, 
and lognormal for all other data. This means that the weight assigned to each datum was conmlled by an 
e m  C.V. In this section I describe how these c .v .~ were assigned. 

I For the biomass indices, two alternative sets of c.v.s were used (see Table 22). The total c.v.s represent 
the best estimates of the uncextainty 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 (O'hiscoll2002), and the observationerror c.v.s were calculated in a similar way 
but including only the uncertainty associated with between-kansect (and within-stratum) variation in total 1 

. . back scatter. For the trawl indices, the total c.v.s were calculated as the sum of an observationem C.V. 

. , (using the standard formulae for stratified random surveys, e.g., Livingston & Stevens (2002)) and a 
process-error c.v., which was set at 0.2, (following Fmcis et al. 2001) (note that c.v.s add as squares: 

2 2 
. . c . v . ~  = c.v.-' + c.v.- ). In some model runs (see below) it was decided to upweight some or 

all biomass ind~ces 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 processem 
C.V. and an observationerror C.V. (the only exception was pspawn, for which an arbitrary C.V. of0.25 was 
assumed, following Cordue (2001)). Observationenw c.v.s for the remaining otolith-based data were 
calculated by bootstrapping. No smoothing was applied to these c.v.s for reasons given above (Section 
2.2.2). For the OLF-based data the c.v.s used were the same as in 2003 (Francis 2004a). As is typical 
with proportions, estimated c.v.s decreased as proportions increase (Figure 20). 

F'mcessemr c.v.s for the at-age data were estimated within the model (one C.V. for each data set) for all 
point estimates, as in 2003. 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 hnpIement such a relationship (Francis 200Qa). 

I . .  

3.8 Parameters, priors, and penalties 

The number of parameters estimated in the final model runs was 154 (for runs 3.1 and 3.4) or 101 (for 
run 3.12) (Table 26). Most of the associated prior distributions were intended to be uninformative; 
the exceptions were those for the catchabilities (Olhiscoll et al. 2002). pE, and natural mortality 
(Smith 2004). 

As in previous assessments, the model estimated natural mortality separately by sex (when sex was 
included in the model) because of the skewed sex ratio (see Section 3.6). 



Wspage 
5.0, 

Proportion 

Figure 20: Observation-error rv.s for the proportions-at-age data sets Each point represents a 
proportion at a specifie age and sex for a given year. The diagonal line is the same in each panel and 
shows the relationship between proportion and C.V. that would hold with simple multinomial sampling 
with sample size 500. 



Some changes were made from the priors used in 2003. The priors for parameter pE and natural 
mortality were recalculated (Smith 2004). For natural mortality, priors were calculated assuming no 
variability with age. The average, (M- + M-)/2, was given a lognormal prior with mean 0.298 
and C.V. 0.153, and the difference, (Mmk -Me,& a normal prior with mean 0.05 and s.d. 0.0255. As 
ex lained above, these were adapted for use with agedependent M by multiplying the C.V. (or s.d.) by 
1 $ ' (see Section 2.2.3). Where there was no sex in the model and M was assumed to be independent 
of age (run 3.12), the original prior for average M was used. The only other prior that was changed 
was that for the CSacous catchability, where an adjustment was made to allow for recent information 
on the spawning of E fish outside CS. 

Table 26: Parameters estimated m the funal model runs, and their associated prior distributions. Where 
the distribution parameters or number of parameters varied between model runs the value used for runs 
3.1 and 3.4 are given 6rst and that for run 3.12 is added in parentheses. Distribntion parameters are: 
bounds for uniform; mean (in natural space) and rv. for lognormal; and mean and s.d. for normal and 
beta. entries are new to this B S S ~ E S I ~ Y ~ ~ ~  

Distribution No. of 
Parameter(s) Description Parameters parameters 
logBmear~total log(B-~ + B-w) 1 
Bmeanjopstockl (qE) B&(B-E + B-w) 1 
recruitmentlE1.YCS vearclass streneths 03) lomoml 1 0.95 28 ~ ~ ~ - -. ~~ 

recruitmentlw] .YCS 0.95 28 
q[CSacousl.q catchability, WCacous lognormal 1 
q~Cacous1.q catchability. CSacous lognnmal 0.57 0.68 I 
q[CRsuml.q catchability, CRsumbio lognormal 0.15 0.65 1 
q[SAsuml.q catchability, SAsumbio lognormal 0.17 0.61 I 

process error c.v.~ uniform 0.1 1 
~electivity[~spsl].shifi-a Wspsl shift uniform -10.24 2.24 1 
migrations Whome, Wspmg, Espmg uniform various 40(16) 
comm. selectivities Espsl.WspslEnspsl.Wnspsl uniform various 8(12) 
sum. selectivities CRsl, SAsl uniform various 4 

154(101) 
This is a beta distribution scaled to have its range fiom 0 to 0.6, rather than the usual 0 to 1. 
The smaller C.V. was used when M was independent of age, and the larger when it was dependent. 

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 bomds"); for other parameters they were usually set at the 0.001 and 0.999 quantiles 
of their distributions. Some bounds were adjusted in some runs to avoid poor model behaviour. This 
occurred for logBmean_total in run 3.12 and for nahlral mortality in runs 3.1 and 3.4 (where there 
was sometimes a problem with parameter combinations which implied negative M for some age 
classes). These adjustments did not appear to have a significant effect on the model results. 

Penalty functions were used for three purposes. First, any parameter combinations that caused any 
exploitation rate to exceed its assumed maximum (Section 3.4) were strongly penalised. Second, 
recent YCSs were forced to be the same for E and W (but this penalty was dropped in MCMC runs) 
(Section 3.4). The third use of penalty functions was to link the spawning migration ogives for the 
two stocks (as per the constraints in Table 18). 



4. INITIAL ASSESSMENT RESULTS 

The aim of the analyses presented in this section was to apply the ideas obtained from the preliminary 
analyses (Section 2) using the data new to this assessment, to investigate any problems that arose, and 
then to decide which runs would be used in the formal assessment (whose results are presented in 
Section 5). 

4.1 Runs with agedependent natural mortality 

Run 3.1, which was treated as an initial base case, uses the extended age data (i.e., more ages than in 
2003) and assumes agedependent M. It shows the biomass for both stocks to be at historical lows, 
with the E stock lower than the W and with YCSs similar to those estimated in 2003 (Figures 21,22). 
Natural mortality is estimated to be lowest, for both sexes, at around ages 7 to 8 (left panel, Figure 
23). and estimates of both pE and Mavg are consistent with the priors (Table 27). Fits to the biomass 
indices are consistent with the assumed error c.v.s for all data sets except SAsumbio, which is poorly 
fitted (Figure 24, Table 28). 

The other new runs are modifications to run 3.1. In run 3.2 the at-age data are reshicted to the range 
of ages that were used in 2003. This estimates lower values of pE and Mavg and slightly less 
depletion. The estimated variation of M with age is reduced (see right panel, Figure 23). The 
remaining runs are attempts to force a better fit to SAsumbio. Run 3.3 investigates dropping the 
WCacous data, which could be in conflict with, and thus causing a poor fit to, SAsumbio. This has 
comparatively little effect, as does dropping both acoustic data sets (run 3.6). Both runs produce fits 
to SAsumbio which are slightly improved but still not satisfactory (Table 28). In run 3.4, the trawl 
survey biomass data are upweighted (as was done in run 5.2 from 2003) and this produces satisfactory 
fits to all biomass indices (Table 28, Figure 23) and substantially worse estimates of current status 
(see Table 27). Upweighting all biomass indices (run 3.7) gives results similar to those from 
upweightingjust the trawl indices (run 3.4). 

Table 27: MPD estimates for new model runs. pE is the proportion of Bo In the E stoek; Mavg is the 
average natural mortality for males and females. is the mid-season biomass in 2004. 

No. of Objective B. ('000 tl a 
Run Description pars function E W E  W pE Mavg 
3.1 Initial base case 154 -230.9 469 874 41 20 0.35 0.36 
3.2 Restricted ages 150 -291.0 469 1003 43 23 0.32 0.29 
3.3 No WCacous 154 -228.7 463 850 40 18 0.35 0.36 
3.4 Upweight trawl biomass 154 -214.0 444 833 33 11 0.35 0.36 
3.6 No acoustics 154 -220.9 457 851 37 18 0.35 0.36 
3.7 Upweight all bio 154 -88.4 434 796 37 11 0.35 0.36 

Table 28: Goodness of fit of biomass indices, as measured by the SDNR (standard deviation of the 
normalised residuals), for the model runs in Table 27. For this table the normalised residuals were 
calculated using the original r v s  (i.e., ignoring changes in c v s  for upweighting trawl biomass data sets). 
-, data set not fitted. 

Run 
3.1 
3.2 
3.3 
3.4 

CRsumbio SAsumbio SAautbio CSacous WCacous 
0.94 1.76 0.82 0.93 1.01 
0.95 1.80 0.82 0.90 0.99 
0.94 1.68 0.82 0.93 - 
0.83 1.09 0.83 1.00 1 .07 
0.88 1.65 0.83 - - 
0.85 1.13 0.75 0.93 0.97 



Figure 21A: Estimated SSB (spawuing-doelr biomass) trajectories, by stock, for selected MPD runs To 
aid between-run comparisons the trajectories for run 3.1 are plotted, as grey lines, on the paaek for the 
other runs 

Figure 21B: As for Figure 2lA, except that the SSB trajectories are plotted as percentages of Be 



Firmre 22: Estimated YCSs War-dass stren~U1.9, by stock, for selected MPD runs To aid between-run 
co-kparisons the estimates to; run 3.1 are plo&, &grey lines, on the panels for the other runs. 

Run 3.1 Run 3.2 

l------ 

Figure 23: Estimated natural mortality for males (.ml) and females ('f) for nu~s 3.1 and 3.2. The broken 
lines in the left-hand panel show the effect of applying a penalty smoothing function (run 3.13). 
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Figure 24: Fits to each of the biomass indices for selected MPD runs. In each panel the 0bSe~ed indices 
are plotted as 'x' and the model estimates as lines. To aid between-run comparisons the model estimates 
for run 3.1 are plotted, as grey lines, on the panels for the other runs. 

4.2 Runs with domed selectivity 

Preliminary model runs (see Table 1 I), which were made before the most recent data were available, 
showed that allowing domed selectivities for the spawning fisheries could reduce the sensitivity of the 
model to the extension of the range of the at-age data. In these runs, as well as allowing domed 
selectivity for Espsl and Wspsl, the following changes from the usual assumptions were made: 

- drop sex: sex was removed (from the model partition and the data) and all selectivities were made 
age-based (without sex in the model there was no need for them to be size-based) 



- switch constraints: Espsl and Wspsl were not forced to be equal but Espmg and Wspmg were 
(normally it's the other way around). 

A series of runs was done to see which, if any, of these additional changes was necessary, in 
conjunction with domed selectivity, to obtain reasonable results (Tables 29 & 30). When no 
additional changes were made (run 3.9) the results were unsatisfactory. Mavg was estimated at its 
upper bound and pE was high. When the constraints were switched (run 3.10) the fit was still 
unsatisfactory (Mavg was 0.39 and pE was 0.55). When, in addition, sex was dropped (run 3.11). 
more reasonable results were obtained in terms of pE and Mavg but the E stock was much less 
depleted than in other runs and SAsumbio was poorly fitted. Upweighting the biomass indices (run 
3.12) had the same effect as described above: both stocks were estimated to be more depleted and 
SAsumbio was better fitted. However, in comparison to run 3.4, SAsumbio was not as well fined and 
the E stock was not as depleted. When the trawl biomass indices were upweighted without making 
any other changes (run 3.14) Mavg was still at the upper bound of its prior distribution. 

Estimated selectivities were strongly domed for run 3.12 but not for run 3.14 (Figure 25). 

Table 29: MPD estimates for five model runs with domed selectivities, age-independent nahval 
mortalitg, and various other additional changes from the assumptions in run 3.1. pE is the proportion of 
Bo in the E st& Mavg is the average natural mortality for males and females B- is the mid-season 
biomass in 2004. 

No. of Objective Bn ~'000 t) &-&& 
Run Additional changes pars function E W  E W pE Mavg 
7 9 None 123 -150.9 713 847 63 30 0.46 0.40 - . - . . . . . . -- -  

3.10 Switch constraints 110 -134.7 1178 964 51 33 0.55 0.39 
3.11 Switch constraints + drop sex 101 -294.7 672 1281. 43 37 0.34 0.28 
3.12 3.11 + upwt maw1 101 -274.2 508 1158 31 24 0.30 0.26 
3.14 Upwt trawl 123 -127.8 567 776 45 17 0.42 0.40 

Table 30: Goodness of fit of biomass indices, as measured by the SDNR (standard deviation of the 
normalid residuals), for the model runs in Table 29. For this table the normalised residuals were 
deulated using the original e v s  (ie, ignoring changes in c v s  for upweighting trawl biomass data sets). 
Run CRsumbio SAsumbio SAautbio CSacous WCacous 
3.9 1.22 1.73 0.77 0.88 0.96 
3.10 1.03 1.69 0.84 0.96 0.95 
3.11 0.91 1.87 0.80 0.92 0.94 
3.12 0.72 1.22 0.91 1.01 1.04 
3.14 0.88 1.07 0.88 0.94 1.07 

The pattern of strong and weak YCSs estimated in runs 3.12 and 3.14 was very similar to that for the 
runs with agedependent M (see Figure 22). However, there is a subtle difference: the runs with 
domed selectivity estimate somewhat larger YCSs in all the earliest years and somewhat smaller 
YCSs in the most recent years. This will have the effect of making forward projections based on runs 
with domed selectivity more pessimistic than those from the other runs. 

It seemed puzzling that the assumption of domed selectivity by itself was not enough to produce 
satisfactory estimates of Mavg. In run 3.14, for example, although given the opportunity to make the 
selectivities strongly domed (which should reduce the estimate of Mavg), the model chose not to. It 
was suggested that this could be an occasion when the MPD estimate was misleading because it was 
on the edge of the posterior distribution. Specifically, the point estimate of 0.4 may be at the right- 
hand extreme of the marginal posterior for Mavg from an MCMC run. To test this, a full Bayesian 
analysis was done for run 3.14, and three MCMC chains of length 3 million were generated, with each 
chain starting from a different, randomly chosen, point in parameter space. The marginal posterior for 
Mavg was found to be very narrow, and at the right-hand edge of the prior (the 0.025 quantile was 
greater than 0.39 for all three chains). Then it was thought that perhaps the MCMC algorithm was not 
covering the full extent of the true posterior distribution because the step size in Mavg was too small. 
This step size was based on the model's estimate of the s.d. of Mavg (calculated from the inverse 



Hessian at the MPD), which was indeed very small, namely 7.0 x lo4. New chains were generated in 
which this s.d. was increased. Values of 0.1 and 0.05 were found to be too large (the chains never 
moved from their starting positions), but successful chains were generated with values of 0.025 and 
0.01. However, the marginal posteriors for Mavg from these chains were no better than the original 
ones. 
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Figure 25: Estimated selectivity ogives for three model runs: 3.1,3.12, and 3.14. For runs 3.1 and 3.14 
selectivities are length-based and thus vary by sex, year, time step, and stock. The selectivities plotted 
here are for 2004, for time step 5 (for bps1 and Wspsl) or 2 (for others) and, for those selectivities 
associated with area CR, for stock E 



4.3 Other i s sues  

Several other minor issues were addressed, mostly at the request of the Working Group. 

Run 3.8 was included for continuity with the 2003 assessment. It used assumptions very similar to 
those for run 5.5 from 2003. In particular, it included none of the major changes that were made in 
the other initial runs (agedependent M, domed selectivity, dropping sex). This run produced a 
markedly more optimistic assessment of the W stock (Table 31) and a worse fit to SAsumbio (Table 
32). 

Table 31: MPD estimates for two further model runs, 3.8 and 3.13. To facilitate comparison the 
estimates for run 3.1 are also given. pE is the proportion of Be in the E st&, Mavg is the average 
natural mortality for males and females. B- is the mid-seasou biomass in 2004. 

No. of Objective Bn ('000 t) 
Run Description pars function E W E W pE Mavg 
3.1 Initial base case 154 -230.9 469 874 41 20 0.35 0.36 
3.8 Like run 5.5 in 2003 118 -244.8 453 1250 40 32 0.27 0.25 
3.13 3.1 with smoothed M 154 -225.7 475 868 42 20 0.35 0.36 

Table 32: Goodness of fit of biomass indices, as measured by the SDNR (standard deviation of the 
uormalised residuals), for the model runs in Table 31. For this table the normalised mid& were 
calculated using the original cv.s (ie, ignoring changes in r v s  for upweighting trawl biomass data sets). 
Run CRsumbio SAsumbio SAautbio CSacous WCacous 
3.1 0.94 1.76 0.82 0.93 1.01 
3.8 0.91 1.99 0.87 0.92 0.95 
3.13 0.93 1.75 0.83 0.93 1.01 

The effect of adding penalty functions to encourage the relationship between natural mortality and age 
to be smooth was investigated. In run 3.13 both Mavg. and Mdif were penalised using fourth 
differences (Appendix 5), which encouraged these quantities (and thus M for males and females) to be 
locally cubic as functions of age. This made little difference, either to the plots of M versus age (see 
broken lines in left-hand panel of Figure 23) or to the model's estimates of key parameters such as 
current depletion (see Table 31). Applying a much higher weight to the penalty did not help. 
Because of this, and because penalty functions can interfere with the performance of MCMCs, it was 
decided not to use them in this context. 

A point to note is that when selectivities are length-based they will vary from year-to-year as mean 
length at age varies. This is illustrated for CRsi in Figure 26. 

A request was made from the Working Group for a plot showing how well the model is "fitting" the 
numbers at age for youngest fish (ages 1+ to 3+) on the Chatham Rise. Technically, the model does 
not "tit" these numbers (because the model is given proportions at age, not numbers). However, 
Hgure 27 compares the observed numbers from CRsum with the model's estimated numbers. The 
scaling of the latter to the former (which would be done in the model, using an estimated catchability, 
if these numbers were actually fined) was done, arbitrarily, so that the median observed and expected 
numbers agreed exactly. 

The agreement between model and observations is markedly better for ages 2 and 3 than for age 1. 
This is not surprising, because the c.v.s for numbers at age in CRsum are usually greater for 1- than 
for 2- or 3-year olds - median values are 0.28, 0.19, and 0.18, respectively). The other thing that 
stands out from this plot is that the match between observed and expected is worst for the largest of 
the observed cohorts (1994 at age 2, and 1988.1992, and 1994 at age 3). 
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Figure 26: Illustration of the change in CRsl over time in run 3.1. Ogives are plotted, by sex and stock, 
for years 1984,1994, and 2003. 
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Figure 27: Observed and expected numbers of fsh of ages 1,2, and 3 in the CRsum survey. The plotting 
symbol identifies the year class observed (e.g. '94' is for the 1994 year class). 



5. FINAL ASSESSMENT RESULTS 

The three final runs adopted by the Working Group are distinguished by four characteristics (Table 
33). The first is the mechanism used to deal with the problem of the lack of old fish in both fishery- 
and survey-based observations. Two alternative mechanisms were considered: making M dependent 
on age (runs 3.1 and 3.4) or allowing the spawning fishery selectivities (Espsl, Wspsl) to be domed 
(3.12). 

Table 33: Distinguishing characteristics for the three find model runs. 
Response to old Trawl biomass Ogives Sex in model and 

Label fish problem upweighted? made equal selectivities length-based? 
3.1 M dependent on age No Spawning selectivities Yes 
3.4 M dependent on age Yes Spawning selectivities Yes 
3.12 Domed spawning selectivity Yes Spawning migrations No 

The second is whether the trawl biomass indices (CRsumbio, SAsumbio, SAautbio) should be 
upweighted. Ideally, they should not be, because their normal weightings (the total c.v.s in Table 22) 
were designed to be optimal (i.e., to be a fair representation of the uncertainty associated with the 
indices). However, initial model runs showed a poor fit to the summer sub-Antarctic trawl survey 
(SAsumbio), which has shown a strong decline, with the 2004 biomass being about 15% of the initial 
biomasses in the early 1990s (see Table 22). Because this decline is consistent with the poor catch 
rates since 2003 fishers had reported from the sub-Antarctic, it seemed important to ensure that the 
model reflected this decline. Upweighting all trawl biomass indices seemed the best way to achieve 
this. 

The third distinguishing characteristic is which ogives were constrained to be equal. For each stock, 
the relative availability to the spawning fishery of fish. of different ages is determined by the product 
of the migration ogGe w p m g  or wspmg) &d the spawning selectivity ogive (Espsl or Wspsl). 
Because there is not enough information to estimate all four ogives, it is sensible to constrain two to 
be equal. Two runs constrained Espsl and Wspsl (as was done in all runs in 2003); run 3.12 took the 
alternative approach of constraining Espmg or Wspmg. Run 3.12 was also the exception with regard 
to the fmal characteristic. In this run, sex was excluded from the model and all selectivities were age- 
based, whereas in the other runs sex was included in the model and selectivities were length-based (as 
in all 2003 runs). 

It is somewhat unusual to have one final model run which, like 3.12, differs from the other final runs 
in so many ways. This run was included in the present assessment because there was a desire to 
explore the use of domed selectivity, as an alternative to agedependent M, but no plausible domed- 
selectivity runs were found which didnot include these other changes in assumptions. It was the least 
preferred of the final runs but was included to indicate some of the uncertainty in the assessment that 
is associated with alternative assumptions. 

5.1 MPD results and diagnostics 

The MPD estimates for the three final runs are repeated in Table 34. 

Table 34: MPD estimates for the three fmal runs 
No. of Objective En ('000 t) L!-d%Ba) 

Run pars function E W E W pE Mavg 
3.1 154 -230.9 469 874 41 20 0.35 0.36 
3.4 154 -214.0 444 833 33 I1 0.35 0.36 
3.12 101 -274.2 508 1158 31 24 0.30 0.26 



For the at-age data. quantilequantile plots (Figure 28) are reasonably well behaved except that the 
actual error distributions are somewhat more long-tailed than was assumed for some data sets 
(particularly SAsumage, &page, and Wspage). The use of a robust lognormal will have minirnised 
the effect of this departure from assumptions. Fits to the at-age data appear very similar for the three 
runs (Figure 29). However, residual plots (Figure 30) identify one area of concern: the model 
consistently underestimates the proportion of 2-year olds in the catch from the Wsp fishery. We will 
see below that this is because of the constraint that the two spawning migrations must be equal. 
Another issue that is noted here, but was not considered further, was the lack of fit to the CRsurnage 
sex ratios in runs 3.1 and 3.4 (top row, Figure 30). This occurred in all main runs in 2003. 
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Figure 28: Quantile-quantile plots for the normalised residuals of all at-age data for the MPD fits for 
each of the three final model runs. If the assumed error distributions and cv.s were correct, then the 
plotted points would lie close to the diagonal lines. 



Figure 29: ObSe~ed ('x') and estimated (lines) proportions at age (sexes combined) for all at-age data 
sets at the MPD fits of the three fmal runs, 3.1 (solid lines), 3.4 (dotted lines), and 3.12 @roken lines). 
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Figure 30: Plots of normalised residuals against age for the four largest at-age data sets and all three 
fmal model runs (MPD fits). Large reSid& are truncated at f 3 and truncated points are plotted as '+'. 
Lines show the median normalised residual at each age by sex @lack l i e  for males, or for all f ~ h  in run 
3.12; grey l i e  for females). 



Estimated exploitation rates were always much less than the maximum allowed in the non-spawning 
fisheries (maximum estimated was 0.075, compared to 0.3, the maximum allowed). In the spawning 
fisheries, exploitation rates were estimated to be at or near historical highs in 2004, to be higher in 
Wsp than inEsp, and to reach the maximum allowed (0.67) for run 3.4 (Figure 31). 

Year 

Figure 31: Estimated exploitation rates in the two spawning &heries in the MPD fits for the three tinal 
runs, 3.1,3.4, and 3.12. 

5.2 MCMC estimates 

For each run, three chains of length 3 million (with starting points randomly displaced from the MPD) 
were completed. the initial third of each chain was discarded, and the remaining samples were thinned 
by a factor of 1000. MCMC performance, as determined by betweenchain comparisons, was best for 
run 3.1 andworst for 3.12 (Figure 32). The remainihg 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 third) and then thinning by a factor of 6. 

Biomass estimates are given in Table 35; YCS and SSB trajectories are shown in Figures 33 and 34; 
and biomass distributions in Figure 35. Figure 36 compares marginal posterior distributions with the 
corresponding prior distributions for selected parameters. Estimated ogives are given in Figures 37 
and 38, and the fits to the biomass indices are plotted in Figure 39, with goodness of fit in Table 36. 

All model runs agree that both stocks are at, or close to, their lowest point ever, that the W stock is 
below 40% Bo (a proxy for Bmy) but the E stock may not be, and that recruitment for the W stock has 
been below average for seven of the last eight years (the exception being 2002, the most recent year 
estimated, for which recruitment strength is not yet well determined). The W stock was bigger than 
the E in their unfished states but the E stock is probably bigger now. There is also good agreement on 
estimates of year-class strengths, with the notable exception that NII 3.12 tends to estimate relatively 
stronger year classes in the early years and weaker in more recent years. 

One surprising feature of run 3.12 concerns the 2002 year class. The only observation of this year 
class available to the model - at age I+ in the 2004 Chatham Rise survey -suggests it is of average 
strength (for the two stocks combined). Thus we would expect model estimates of the strengths of 
this year class for both stocks to be near average and not very precise (i.e., wide confidence intervals). 
This was the case for runs 3.1 and 3.4, but not for 3.12, where the estimates are low with narrow 
confidence intervals (see Figure 33). The reason for this difference is not understood. It was 
suggested that it might be an artefact of poor MCMC convergence for run 3.12. but attempts to 
manipulate the MCMC to encourage wider confidence limits (by increasing the step size for this year 
class) were not successful. This low estimate for run 3.12 will be seen below to have a negative effect 
on projections. 



Run 3.12 also stands out £rom the other two in the shape of its selectivities. In this run, domed 
spawning selectivities were allowed to be domed (which they were not for 3.1 and 3.4), and both they 
and the survey selectivities were estimated to be strongly domed. According to this run, fish become 
progressively less available to the spawning fisheries after reaching age 8. 

It is of some concern that MPD estimates of key parameters were often outside the confidence 
intervals from the MCMCs (Figure 35; also compare Tables 34 and 35). This has been seen in other 
assessments (e.g., for southern blue whiting; S.M. Hanchet, NIWA, pen. comm.) and does not, in 
itself, imply any error in the modelling. Nor does it directly affect the fmal results, which are based 
purely on the MCMC results. However, it does reduce ow confidence in some model-structure 
decisions that were made on the basis of MPD results only (Section 4). 

Table 35: Estimates of biomass (median of marginal posterior, with 95% confidence intervals in 
parentheses) for the three f d  runs. B- is the biomass in mid-season 2003-04. 

B" ~'000 t) a 
Run E W E W E W 
3.1 599(486;166) 942(824,1166) 357(239.529) 174(104,317) 59(44,77) 18(12,29) 
3.4 560(463.680) 932(838,1053) 237(170.322) 117( 92,171) 42(3351) 13(10,17) 
3.12 861(664,1198) 1237(938,1670) 342(241514) 271(151,476) N(32.49) 22(15,30) 

Table 36: Goodness of fit to biomass indices, as -red by median SDNR (standard deviation of the 
normalised residuals), for the three final MCMC runs For this table the normalised residuals were 
calculated using the original c v s  (Le., ignoring changes in c v s  for upweighting biomass data sets). 
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Figure 32: Cumulative probability distributions for Bo and B-, for all MCMC chains Each panel 
contains distributions for fhree chainsfrom the same model run. 
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Figure 33: Estimated year-class strengths from the three fmal MCMC ruas The left and middle 
cohunns of panels show medians (black ling) 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 34: Estimated spawning-biomass trajectories from the three f d  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 
Oower). 
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Figure 35: Estimates and approximate 95% coeonfnce intervals for virgin (Bo) and current (B- as 
%Bo) biomass by stock. In each panel the points 'A', 'B', 'C' indicate best estimates (median of the 
posterior distribution), 'a','bY,'c' are the MPD estimates, and the polygons enclose approximate 95% 
kfidence intervals. Diagonal lines indicate equality O, = x). 
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Figure 36: Prior (grey liws) and estimated posterior (black lines) distributions for pE (proportion of Bo 
in E stock), natural mortality (independent of age, run 3.12 only), and s w e y  catchabilities (acoustic and 
trawl) for each of the three fmal MCMC runs. 
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Figure 37: Posterior estimates of selectivity ogives for each of the three fmal MCMC runs. Solid lines are 
medians, broken lines show 95% confidence intervals Where ogives diier by sex they are plotted as 
black for males and grey for females Where they dXer by stock or time step the plotted curves are for 
one selected combination (E step 2 for Enspsl and CRsl, W step 2 for Wnspsl and SAsl). 



Figure 38: Migration and derived ogives estimated in each of the three rial MCMC runs (see Section 3.3 
for descriptions of the derived ogive). Solid Lines are medians, broken lines show 959'0 confidence 
intewak. Where ogives d i i e r  by sex they are plotted as black for males and grey for females Where 
they differ by stock or time step the plotted curves are for one selected combination (E step 2 for 
Espcomp, W step 2 for Wsp.comp and Wsp.full). 
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Figure 39: Fits to biomass indices in the three final MCMC runs. The observed indices are plotted as 'x'; 
solid lines are medians, and broken lines show 95% confidence intervals, for the posterior distributions. 

5.3 Projections 

Ninety sets of five-ye@ projections were carried out, covering al l  combinations of: 

- the three model runs, 3.1.3.4, and 3.12, 
- five levels of TACC, 100 000 t, 120 000 t, 140 000 t, 160 000 t, and 180 000 t, 
- three ways of splitting the catch, W55:E45, W40:E60, W30:E70 (W55:E45 means that 55% 

of the TACC is caught in the "western" fisheries, Wsp and Wnsp), and 
- two recruitment scenarios, normal (select future recruitment from estimated levels in 1975- 

2000) and recent (select from 1995-2000). 

The recent recruitment option was adopted as an alternative to allow for the possibility that the below 
average recruitment that has occurred in the western stock since 1995 may persist in the short term. 
For the eastern stock this option provides a mixture of strong and weak recruitment. 

In all cases the catch split between the W spawning and non-spawning fisheries was taken to be in the 
same proportions as in 2002-03 (see Table 20). In the E fisheries, 40 000 t were allocated to the 
spawning fishery and the remainder to the non-spawning fishery. After the projections were 
completed, an examination of the catches associated with each option led some members of the 
Working Group to suggest that some options were infeasible because the existing fishing fleet is not 
capable of taking more than 45 000 t from the Chatham Rise fishery (these options are highlighted in 
Table 37). 



Table 37: Assumed annual catches (t),,by fshery, for each combination of catch split and TACC in the 
forward projections. The 2002-03 catches by fshery are given for comparison (they are most Like those 
for a catch split of W55:lUS with a TACC of 180 000 t). Combinations of catch split and TACC which 
were considered by some WG members to be infeasible are (see text for discussion). 

Catch 
split 
W55:E45 

TACC 
~'c'oc' t) 

100 
120 
140 
160 
180 

Enspl 
2859 
8005 

13150 
18296 
23442 

Wnspl 
7068 
8482 
9896 

11309 
12723 

After examining scores from each of eight performance measures (Table 38), the Working Group 
decided on three performance criteria: 

1. that the median W spawning biomass is higher in the last year than in 2004, 
2. that the median E spawning biomass is at least 40%B0 (a proxy for B w )  in the last year, 
3. that we can be 90% sure that all target catches (from Table 37) will be able to be caught in every 

year (i.e., exploitation rates will not exceed the maximum rates given in Section 3.4). 

These criteria were applied with two alternative fmal years - 2007 (i.e., 3-year projections) and 2010 
(5-year projections) - and the WG defined a comb'mation of catch split and TACC to be acceptable if 
all three criteria were met. 

Table 38: Eight performanee measures calculated for each stock and year. B,, is mid-season 
spawning biomass in 2003-04. 

Label 
Bmed%BO 
Bmed%Bcur 
Psafe 
PgtBcur 
9bsp.targ 
%nsp.targ 
Psp.targ 
Pnsp.targ 

Description 
Median of biomass as %Bo 
Median of biomass as %B-, 
Probability that biomass is greater than 20% Bo 
Probability that biomass is greater than B-, 
Average percentage of iarget catch from the spawning fishery that is taken 
Average percentage of target catch from the non-spawning fisheries that is taken 
Probability that at least 95% of the target catch from the spawning fishery is taken 
Probability that at least 95% of the target catch from the non-spawning fisheries is taken 

Maximum acceptable TACCs varied widely, and for some options none of the TACCs considered 
were acceptable (Table 39). Acceptable TACCs were highest with a W30:E70 split (when the matter 
of feasibility was ignored) or with a W40:E60 split (when combinations deemed feasible were 
removed). The factor most affecting,maximum TACCs is the choice of recruitment scenario, which, 
for the western stock, has a stronger effect on the expected biomass trajectories than does the choice 
of TACC (Figure 40). Criterion 2 was the least influential of the three, affecting the maximum 



TACCs only for run 3.4 with a W30:E70 split. When criterion 3 failed there was always insufficient 
biomass in the Wsp fishery @ut rarely in other fisheries). The choice of final year had almost no 
effect on maximum TACCs, except for run 3.12 with normal recruitment, where the later year (2010) 
produced higher acceptable TACCs. This is because projected biomass trajectories for the western 
stock decline and then increase with this run, which estimates lower recruitment in recent years than 
do the other two runs (Figure 40). 

It is of interest to ask what was the effect of the decision to fix the Esp catch at 40 000 t for all 
projections. The obvious alternative would have been to distribute the eastern catches amongst Esp 
and Ensp in the same proportions as in 2002-03. This would not have altered which options were 
labelled infeasible (assuming that thismlabel applies whenever the Ensp catch exceeds 45 000 t). How 
this alternative would affect the results in Table 39 depends on the catch split. With a W55:E45 split 
it would take more catch from Ensp and less from Esp. This may reduce the maximum TACCs 
because the Ensp fishery takes some W fish (so criteria 1 and 3 would fail at lower TACCs). With a 
W3O:E70 split the alternative would take more catch from Esp and less from Ensp. This may have 
linle effect because these options are mostly controlled by criterion 2. 

Table 39 Maxirmua TACCs (in '000 t) satisfyiig all three acceptability criteria. One maximum TACC is 
given for each combination of a final year, recruitment scenario, model run, and catch split Figures in 
parentheses are the maximum TACCs for each miterion in turn. -, no TACC considered satisres all 
three criteria. ' denotes a combhation of TACC and cat& split which is labelled infeasible in Table 37. 
Final Recruitment Catch split 
year scenario Run W55:E45 W40:E60 W30E70 
2007 Normal 3.1 120(180,180,120) 160'(180,180,160) 180'(180,180,180) 

Normal 3.4 100(180,180,100) 140(180,140.140) 120(180,120,180) 
Normal 3.12 -( -,180,120) -( -.160.160) -( -,140.180) 

Recent 3.1 100(100.180,100) 120(120,180,140) 160'(160,180,180) 
Recent 3.4 i - J ~ .  -) 100(100.100,120) -4120, -,I601 
Rccent 3.12 i -.100, -) 4 -. -30) -f -, -.160) 

2010 Normal 3.1 120(180,180,120) 160*(180,180,160) 180*(180,180,180) 
Normal 3.4 100(180.180,100) 140(180.160,140) 140~(180, 140,180) 
Normal 3.12 120(140,180,120) 160'(180.180,160) 180'(180,180,180) 

Recent 3.1 100(100,180.100) 120(120,180,120) 160(160,180,160) 
Recent 3.4 i -. 140. -) 100(100.120,100) 4120, -,140) 
Recent 3.12 4 -. 100. -) 4 -. -.loo) 4 -. -.140) 

When considering any catch split-TACC combmation we may distinguish between what we might 
call "capacity-infeasible" and "catchability-infeasible". The former is what we mean by the tern 
"infeasible" as used above (i.e., not catchable by the existing fishing fleet) and was determined by the 
Ensp catch. By the laner I mean that the biomass is so low that the target catches could not be taken 
(without exceeding the assumed maximum exploitation rates). None of the catch split-TACC 
combinations were catchability-infeasible because of the Ensp catch. 

The forward projections which most closely match recent catches are those with TACC 180 000 t and 
catch split W55:E45. Fromthese projections the Wsp target catch is unlikely to be fully caught. The 
E biomass is expected to fall s1ightly.o~ rise slightly, depending on which run and which recruitment 
scenario is used. 
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Figure 40: Trajectories of W spawning biomass from forward projections with the two exire& TACCs. 
100 000 t and 180 000 t. 

6. DISCUSSION 

HOK 1 is particularly difficult to assess because it has two genetic stocks which c m c u r  in one of 
the four fishing grounds. Although there are many data sets available, each concerns only a part of 
the fishstock, 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 ow ability to estimate 
yearclass strengths. One sign that the assumptions are not optimal is any conflict between the data 
and the model's expectations. 

Some progress has been made this year in reducing one area of conflict: the disparity (illustrated in 
Figure 4) between the observed and expected number of old fish in the at-age data sets. By modifying 



the model assumptions we have lessened this conflict and allowed the use of the full range of ages in 
these data sets. Neither of the alternative mechanisms that were used to achieve this (agedependent 
natural mortality and domed selectivities) was completely satisfactory. but it seemed better to include 
them than to discard part of the at-age data. 

Another area of conflict was with the biomass indices from the summer sub-Antarctic survey 
(SAsumbio). The response in this assessment to a poor fit to SAsumbio (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 
way to avoid ignoring the important signal given by the declining biomass indicated by this survey. 

A plot of comparable biomass estimates shows that the results from the current assessment are 
consistent with those from 2003 (Figure 41). 

- .......................................................................... 
3.1 - - 
3.12 

0 2w 400 600 800 1000 12W 
Estimates of E Bo (WO 1) 

.......................................................................... 
3.1 

3.12 

0 500 1000 1500 20W 
Estimates of W 4 ('000 1) 

N 
5.8 - " " .......................................................................... ....................................... 
3.1 - - 

8 3.4 + 
N N 
3.12 " - - 3.12 

0 2W 4W 600 800 0 l W 2 M ) 3 0 0 4 W 5 0 0 6 0 0 7 0 0  
Estimates of E rW0 9 Estimates of W & r000 1) 

Fi'igure 41: Comparison of biomass estimates ('x'), with associated 95% confidence intervals, from the 
last two assessments 



7. SOME POST-ASSESSMENT RESULTS 

In this section I describe some additional analyses that were carried out after the assessment. These 
shed further light on the assessment, and will be of use in the 2005 assessment, but are presented 
separately because they were completed too late to affect the assessment or Working Group Report 
for 2004. 

These analyses focus on MCMC perfonnance. The very limited diagnostics presented above (see 
Figure 32) considered only key outputs (Bo and B-d and suggest that performance was best for run 
3.1 and worst for 3.12. Below I consider further diagnostics and then try running new MCMC chains 
to see whether performance could be improved. Before describing these analyses I will discuss some 
technical details needed for this section. 

7.1 Technical details 

Fust, some details about CASAL's MCMC algorithm, and particularly the covariance matrix, here 
called M, that it uses. This matrix, which has the same dimension as the parameter space (so its 
diagonal members may be thought of as parameter variances), was modified for some of the new 
chains described below. Fuller information about CASAL's algorithm is given in section 6.5 of Bull 
et al. (2003); for the theory behind the Metropolis algorithm used by CASAL see Gelman et al. (1995) 
and Gilks et al. (1998). The MCMC chain is a sequence of points in parameter space that is generated 
by a simple iterative algorithm. At each iteration M is used to randomly generate a proposed value 
for the next point in the chain. This proposed point is either accepted (so the chain moves to that 
point) or rejected (so the chain stays at the preceding point) according to a probabilistic decision rule. 
The acceptance rate (the proportion of proposed points that is accepted) is a useful diagnostic. 
Moderate values (20 to 50%) are desirable. Such values do not guarantee good performance, but they 
tend to mean that the chain is able to traverse the posterior distribution easily, and will thus converge 
quickly. ~ a t e s  outside this range may lead to slow movement through parameter space, either 
because the step size (the distance between the present point and the proposed point) is too small 
(which causes a high acceptance rate), or too large (which causes a low acceptance rate, so the chain 
spends long periods at thesame point). 

The size and direction of each proposed step is determined by the product of M and a user-specified 
scalar s (called stepsize). A parameter which has a large variance in sM will tend to move in large 
steps. Also, if the correlation between two parameters in M is high and positive (say), then they will 
tend to move in the same direction (i.e., either both increase or both decrease). The default value for 
M is obtained by (i) calculating the inverse Hessian matrix at the MPD, and (ii) adjusting this to 
remove large correlations (positive or negative) and small variances. CASAL offers the option (used 
for all chains generated in this assessment) of automatically adjusting s during the initial portion of 
the chain (the "bum-in" period) so as to move the acceptance rate towards the desirable range (see 
parameter MCMC.adapt-at in Appendix A4.2.1). 

The starting points of the original chains were all different, each beiig generated by randomly 
stepping away from the MPD. Where it was possible, each new chain used the same starting point as 
one of the original chains. For convenience I will label the jth MCMC chain from run 3.1 (say) as 
3.1.j (so the initial three chains for this run, described above, are 3.1.1.3.1.2. and 3.1.3). 

Individual ogive parameters will be referred to below using the notation exemplified in Table 40. 



Table 40: Examples of the notation used to d d b e  individual ogive parameters. 
Type Example Interpretation 
Free ogive Wspmg.M3 The value of Wspmg for males of age 3 

spmg.5 The value of Wspmg & Espmg (equal in run 3.12) 
at age 5 (for both sexes) 

Mdiff.1 Difference between male and female natural mortality at age 1 
Double normal ogive EnspsLal The age or size' at which Enspsl = 1 

Enspsl.sL Parameter determining the left-hand side of the ogive 
(the ogive = 0.5 at age or size' a1 - sL) 

Enspsl.sR Analogous parameter for the right-hand side 
Logistic ogive spsl.a50 The age or size' at 50% selectivity for Espsl& Wspsl 

(equal in nms 3.1 and 3.4) 
Wspsl.ato95 Parameter determining the spread of the Wspsl ogive 

(the ogive = 0.95 at age or size' a50 + ato95) 
Ogive shift Wspsl.shift Parameter determining how Wspsl shifts from year to year 
' ~ l l  selectivities were sizebased for runs 3.1 and 3.4 (so the parameter units are cm) and age-based for run 3.12 
(so units are y). 

7.2 Further MCMC diagnostics 

One cause of poor MCMC performance is very high correlations between parameters. An 
examination of the correlations did not reveal many that were very high (Table 41). However, there 
were instances where the correlation between a pair of parameters varied strongly between chains. 
The worst such example occurred for the parameters Enspsl.sR and Wnspsl.sR in run 3.1, where the 
correlations in the three chains were -0.02, 0.88, and 0.69 respectively. Such variability amongst 
correlations shows that the marginal posteriors estimated for this pair of parameters were very 
different for the three chains from run 3.1. This diagnostic (between4ain variability in correlation) 
enabled me to identify some parameters with poor traces in all three nms (e.g., Figure 42). These 
traces were characterised by moving very slowly and differing markedly between chains from the 
same run. 

Table 41. Pairs of parameters for which the absolute correlation exceeded 0.9 in at least one MCMC 
chain. For each pair, three mrrelatiom are given: one for each chain. 
Run First parameter Second parameter Correlations 
3.1 Wspsl.shift spsl.sL -0.90 -0.88 -0.90 
3.4 Wspsl.shift sps1.s.L -0.88 -0.94 -0.86 
3.12 Enspsl.al Enspsl.sL 0.95 0.96 0.97 
3.12 Espsl.al Espsl.sL 0.61 0.87 0.92 

It was useful to develop statistics which describe, in both absolute and relative terms, the typical 
distance moved by a parameter in one step. Let Vi, i = 1, ..., 2000 denote the values of the parameter in 
a chain, after the initial 1 million samples have been dropped and the remaining chain has been 
thinned (by keeping only every 1000th sample). The median jump size, defined as MJS = 
median,(lV-,1-ViI), is useful for comparing the same parameter in different chains. The relative jump 
size, RJS = 100 x MJS/[max,(Vitmin,{Vi)], can be used to compare diierent parameters in the same 
chain. For the moment we will concentrate on the latter statistic. Within a chain the median RJS was 
between 5 and 8, which means that the distance a parameter jumps from one sample to the next is 
typically 5% to 8% of its range. The minimum RTS in each chain lay between 0.5 and 1. Parameters 
with low RJS always had poor traces (e.g., for the traces in Figure 42 the RJS lay between 0.8 and 
2.0). 

Another useful statistic is a variance ratio, denoted VR: the variance of the parameter in M divided by 
that calculated for the set'( V , .  .... V m } .  What is striking about this statistic is the wide range of values 
it takes: from less than 0.001 to more than 10. As might be expected, low values of VR were 
associated with low values of RJS (Figure 43), and thus with poor traces. It is noteworthy that the 
parameters with the lowest values of RJS are all concerned with ogives. 
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Having identified some problem parameters (those with low VR or WS) I considered three alternative 
ways of modifying the MCMCs in the hope of producing chains with better performance. These 
methods, and their effects, are described in the next three sections. 

7.3 Chains using the sample covariance 

The fact that VR takes such a wide range of values suggests that CASAL's default value of M may 
not be the best covariance matrix to use. New chains 3.1.4 and 3.4.4 were generated in which this 
default value was replaced by the covariance matrix of the joint posterior distribution for each run (the 
latter matrix was calculated after the three chains for each run were concatenated and thinned, as 
described in Section 5.2). Starting points for these chains were the same as for 3.1.1 and 3.4.1, 
respectively. 

These new chains performed very poorly, but quite differently, as is shown by the objective-function 
traces (Figure 44). Cham 3.1.4 seemed to get lost, heading further and further into the tail of the 
posterior (i.e., with ever-increasing values of the objective function), whereas chain 3.4.4 never 
escaped from the region close to the MPD. What these chains have in common is that the amount the 
objective function varies from sample to sample was small, compared to the variation in the original 
chains. This suggests that the step sizes for these chains were too small. This was confirmed by 
comparing MJS values. For example, for almost all parameters the MJS was markedly lower 
(typically one fifth the size) in 3.1.4 than in 3.1.1. The comparison between 3.4.1 and 3.4.4 was even 
more extreme. I tried further chains with higher values of stepsize, but none performed satisfactorily. 
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7.4 Chains with boosted s.d.s 

In the next set of chains M was modified by boosting the s.d.s of those parameters with low RJS (and 
thus poor traces). This was intended to increase the step size for these parameters and thus improve 
their traces. Four new chains were created, each one being based on one of the original chains: 3.1.5 
(based on 3.1.1). 3.1.6 (from 3.1.2). 3.12.5 (from 3.12.1). and 3.12.6 (from 3.12.2). Let rj be the RJS 
for the jth parameter in the original .chain, and denote the median of these values by r d .  The 
parameters affected were those for which q < 0.5rmd, and their s.d.s were boosted (multiplied) by the 
factor r&rF Between 7 and 10 para&ters were affected (always ogive parameters) and the boosting 
factor ranged from about 2.5 to 10 (Table 42). (Note that to boost the s.d. of the jth parameter by the 
factor f we multiply both the jth row qhd the jth column by 5)  Each new chain used the same starting 
point as its corresponding original chain. 

The new chains showed only a slight improvement. For the affected parameters the new traces were 
much improved (generally moving more quickly and often covering a wider range of values) but are 
still poor (Figure 45). However, in terms of the key biomass outputs the new chains were no closer in 
agreement with each other than were the original ones (Figure 46). 

Table 42: Details of changes involved $I creating new ebains with boosted s.ds: parameters affected and 
fa e ad. was boosted. Where the MPD estimate of a parameter was at a bound this bound 
is significance of this is d i d  in M o n  7.6). 

Factor by which s.d. was boosted 
Run Parameter First new chain Second new chain 

3.12 Whome.3 
Whomed 
Whome.7 
spmg. 1 
spmg.2 
Enspsl.sR 
Wnspsl.sL 
CRsLal 
CRsl.sL 

7.5 Chains with fixed parameters 

Parameter bounds Units 
none 
none 

cm 
cm 
cm 
cm 
cm 
cm 
an 
cm 

0.05 y" 

1 none 
1 none 

none 
1 none 

none 
Y 

50 Y 
17 Y 
50 Y 

In the final set of chains "problem" parameters (those with the lowest RJS) were fmed at their MPD 
values. For run 3.1, two new chains were generated (3.1.7, 3.1.8) with 11 parameters fixed; for run 
3.12 there were three new chains (3.12.7, 3.12.8, 3.12.9) with 9 fixed parameters (in each case the 
fixed parameters are those listed in Table 42). 
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Figure 45: Psirs of MCMC traces of parameters before and after the boosting of sds. Om the two 
'worst' parametek from each run (ie, t h e  with the lowest RJS) are shown. 
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Figure 46: Cumulative probability distributions for BO and B- for MCMC chains before and after 
s.d.s of problem parameters were boosted. Two broken lines have been added to each panel to facilitate 
comparison between panels: a horizontal line at y = 0.5, and a vertical line indicating the point estimate 
from the assessment (from Table 35). 



In terms of the key biomass outputs the MCMC performance was markedly improved, particularly for 
run 3.12: the new chains were closer in agreement with each other than were the original ones Figure 
47). Biomass estimates based on the new chains are slightly higher for run 3.1, but markedly lower 
for run 3.12 (Table 43). These lower estimates tend to make run 3.12 more consistent with runs 3.1 
and 3.4. 

One possible concern with fixing paraineters in the MCMC chains is that this might reduce the range 
of uncertainty covered by the posterior distribution. Thus we might expect the c.v.s for the marginal 
posteriors to decrease after parameters have been fixed. This did not happen for the main biomass 
estimates. In fact, their c.v.s usually increased slightly (Table 44). 

Table 43: Estimates of biomass (median of marginal posterior, with 95% confideace intervds in 
parentheses) for the runs before and after problem parameters were fmed. B-, is the biomass in mid- 
season 2005.04. 'Before' estimates are copied from Table 35; 'After' estimates for each run were 
calculated after concatenating and thinning the new ehalns, as described in Section 5.2. 

B" ('000 t) B -('000t) A 
Run E W E W E W 

Before 
3.1 5991486.766) 942(824.1166) 357I239.529) 1741104.317) 59144.771 18(12.29) 

After 
3.1 619(500,810) 944(825,1136) 375(241.579) 174(109,320) 60(44,81) 19(13,29) 
3.12 685(503988) 1125(876,1551) . 266(170,403) 220(125,417) 39(31,47) 20(14,28) 
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Figure 47: Cumulative probability distributions for Bo and B- for MCMC chains before and after 
problem parameters were fixed. Two broken lines have been added to each panel to facilitate comparison 
between panels: a horizontal line at y = 0.5, and a vertical line indicating the point estimate from the 
assessment (from Table 35). 



Table 44: cv.s of marginal posteriors for Bo and B- estimated before and after problem parameters 
were fixed. 

Run 
Before 

3.1 0.12 0.09 0.21 0.30 
3.12 0.16 0.15 0.20 0.30 

Met 
3.1 0.13 0.09 0.23 0.29 
3.12 0.18 0.15 0.22 0.32 

7.6 Concluding remarks 

The preceding analyses identified a number of problem parameters (all concerning ogives) with very 
poor MCMC traces, and showed that if these parameters were fixed, the MCMC performance for the 
key outputs (Bo and B-a was improved, particularly for run 3.12. Further, fixing these parameters 
did not appear to reduce the estimated range of uncertainty of the key outputs. 

There is a plausible explanation for the poor traces of most of the parameters in Table 42. For 17 of 
the 20 parameters in this table (the exceptions being Mdiff.l for run 3.1, and spmg.2 and Wnspsl.sL 
for 3.12) the MPD estimates were at, or very near, a bound. This is presumably why their estimated 
covariances were much too small. The algorithm for calculating the Hessian matrix uses information 
gathered in the neigbbourhood of the MPD during the estimation of the MPD. It does not work well 
unless a reasonable range of parameter values is traversed. It's worth noting that not all parameters 
that were at bounds for the MPD produced poor traces (although the majority did). In the 2005 
assessment it might be worth exploring the possibility of widening the bounds of some parameters to 
improve MCMC performance. However, this approach will not be available when the bounds are 
natural limits (e.g., bounds of 0 and 1 for migration parameters). Note that all the selectivity bounds 
listed for run 3.1 were intended to force the associated ogives to be domed. 
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Appendix 1: Modification of 2003 input files for run 5.6 

The input files for run 5.2 are given in Appendix 1 of Francis (2004a). The corresponding files for 
run 5.6 are exactly the same except for the following changes. 

In population.cs1 
- add the command @use-meaxYCS'T 
- in @recruitment blocks remove the subcommand standardise-YCS T 
-in Binitidisation blocks add the subcommand Bmean T 
-replace @logBO-total 13.9 by @log_Bmeaptotal 13.9 
- replace @BO-prop-stock1 0.25 by @Brnean-prop-stock1 0.25 

In estimation.cs1 
-replace the @estimate block for logB0-total by an identical one for IogBrnean-total 
-replace the @estimate block for BO-propPstockl by an identical one for Brnea~prop-stock1 

Appendix 2: The effect of process-error c.v.s on Table 8 

The figures given in Table 8 purport to show the extent to which the fit to each data set improved 
when natural mortality was made agedependent. In this Appendix I examine the possibility that 
these figures are misleading for the at-age data because the processemr c.v.s for these data sets 
change with each model run. 

To illustrate the problem, consider just one data set @page) and one pair of runs (1.7 and 2.1) which 
differ only in that the latter allows agedependent M. In these two rum the objective function 
components for Espage were -111.616 and -109.174, respectively. Since the latter value is 2.442 
larger than the f o m r  it seems that allowing agedependent M caused the fit to this data set to 
deteriorate (this deterioration is indicated in Table 8 by the value of -2 for Espage in the first column). 
However, these objective function components were calculated using slightly different error c.v.s and 
so are not, strictly speaking, cornpaqble. The processem C.V. for Espage was estimated to be 
0.2216 in run 1.7 and 0.2268 in run 2.1. To see what effect this had I recalculated the objective 
function components for Espage using each of these c.v.s. As the following table shows, this makes 
very little difference to the estimated improvement in fit. 

Using c.v for run 1.7 (0.22161 Using C.V. for run 2.1 (0.2268) 
run 1.7 run 2.1 improvement run 1.7 run 2.1 improvement 

-111.6160 -109.1738 -2.4422 -111.6156 -109.1740 -2.4416 

When I repeated these calculations for all the main at-age data sets and for each pair of model runs in 
Table 8 I found that the effect of changing the processerror C.V. was always small (relative to the 
improvement in fit) and that the estimated improvements in fit as shown in Table 8 are intermediate 
between those calculated in the two alternative ways (Table A2.1). 

I conclude that the figures given in Table 8 are not misleading. 

Another possible way to compare fits to the at-age data sets in different runs would be to see whether 
the estimated process-error C.V. increased or decreased. It seems reasonable to assume that an 
improvement in fit would be accompanied by a decrease in the estimated C.V. This was true for 19 of 
the 20 comparisons in Table A2.1. 



Table A2.1: Three alternative ways of calculating the improvement in fit to at-age data sets when natural 
mortality is made age-dependent. FOI each pair of model runs the first c o h  of numbers is the 
improvement as calculated in Table 8 (except that the fmal row is just the sum over the given data sets). 
In the second (or third) columns the calculation is done using the processerror ev.s ss estimated in the 
first (or second) of the two model rnns. 

Data set Runs 1.7 & 2.1 Runs 1.8 & 2.2 Runs 1.17 B2.3 Runs 1.18 &2.4 
Esoaee -2.4 -2.4 -2.4 -3.4 -3.4 -3.4 18.0 18.0 18.0 19.0 19.01.09 -. 

w&& 2.8 2.8 2.8 2.0 2.0 2.0 7.7 7.7 7.7 8.1 8.1 8.1 
CRsumage 9.3 8.5 10.1 13.5 11.7 15.4 26.5 23.8 29.5 22.4 20.2 24.9 
SAsumage 16.8 13.6 20.8 8.6 7.6 9.6 9.2 9.0 9.4 12.1 11.5 12.6 
SAautage 5.6 5.2 6.0 3.3 3.1 3.4 6.3 5.9 6.9 6.8 6.3 7.4 
All 32.0 27.6 37.3 23.9 21.1 27.0 67.7 64.4 71.4 68.3 65.071.9 

Appendix 3: Mean length at age:data in runs 1.35 and 1.40 

In previous model runs, mean lengths at age were specified by the following section of the 
population.csl file: 

@size-at-age E 
k-male 0.232 
to-male -1.23 
L i n f m l e  89.5 
kfemale 0.161 
to-female -2.18 
Linf-female 101.8 

@size-at-age W 
k m l e  0.261 
to-male -0.50 
L i n f m l e  92.6 
k-female 0.213 
to-female -0.60 
Linf-female 104.0 

In runs 1.35 and 1.40 these lines were replaced by the following lines 

@size-at-age-type data 

@size-at-agedss interp 

@size-at-age B 
male-1984 30.2 49.9 57.7 64.8 66.1 70.6 68.8 74.1 78 81 83.3 85 86.2 
female-1984 30.2 50.4 57.1 65.1 69 70.1 70.7 76.1 79.9 82.6 84.5 85.8 86.8 
male-1988 35.7 43 54.7 61.4 66.4 71.4 76 77.9 79.7 81.5 83.2 84.8 86.3 
female-1988 35.7 54 56.3 62.2 66.2 72.9 75.3 78.6 81.9 85.3 88.6 91.9 95.3 
male-1989 33.2 44.6 55.5 61.6 66.6 71.3 74 75.9 77.7 79.6 81.5 83.4 85.3 
female-1989 33.2 46.7 56.2 62.3 67.7 74.8 76.4 78.7 80.9 83.2 85.4 87.7 89.9 
male-1990 34 47 54.1 62.4 66 72.4 74.5 77 79.1 80.9 82.4 83.7 84.8 
female 1990 34 47 56.1 64.6 69.6 73.3 78.3 80.6 82.9 85.2 87.5 89.8 92.2 
male 1591 34.6 46 56.3 63 68.3 71.4 74.8 76.9 78.9 80.8 82.6 84.4 86 



- - ~ -  ~ 

male-1989 33.2 44.9 50.3 61.6 72.9 76.1 78 82.8 85.2 86.3 86.9 87.2 87.3 
female-1989 33.2 45.4 51.7 69.2'74.5 79.1 83.1 86.1 88.6 90.7 92.5 94 95.3 
male-1990 34 44.6 57.1 67 69 74:9 78.9 81.8 83.6 84.8 85.4 85.9 86.1 
female-1990 34 44.8 57 67.8 75.9 80.2 82.1 86.5 89.9 92.4 94.3 95.8 96.9 
male 1991 34.6 47.6 58.9 64.9 70.3 79 79.6 83.5 85.8 87.3 88.2 88.8 89.1 

- - --- - - - - - . . . . - - - - - - 

male-1995 31.2 44.4 55.9 65.2 71.3 74.8 82.2 83.7 85.3 86.8 88.2 89.7 91.1 
female-1995 31.2 45.7 55.9 64.7 73.2 80.8 84.4 88.6 91.8 94.5 96.6 98.2 99.6 
male-1996 36.4 44.4 56.3 65.5 73.3 77.4 81.4 83.5 85.5 87.6 89.6 91.7 93.7 
female-1996 36.4 44.5 56.1 67 76 80.4 85.5 88.2 90.8 93.5 96.1 98.8 101.4 
male 1997 32.3 45.4 55.3 66.3 72.7 78.5 81.8 84.2 86.2 87.9 89.4 90.7 91.8 

- --- - - - - - . - - - - - - . - - - 
female-1998 32.4 49.1 59 65.9 73.4 79.9-84.8 87.4 90 92.6 95 97.4 99.8 
male-1999 39.7 48.8 62.2 68.4 70.2 75.9 81.2 83 84.7 86.3 87.8 89.3 90.7 
female-1999 39.7 50 61.7 69.7 73.4 79.1 83.4 86.1 88.9 91.6 94.3 97 99.7 
male 7000 34 49.8 59.9 69.4 74 77.2 80.5 84.4 86.7 87.9 88.6 89 89.3 

Appendix 4: CASAL input files 

Each of the final model runs is completely defined by two input files - population.cs1 and 
estimation.cs1- in conjunction with the CASAL manual (Bull et al. 2003). 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. I 
first present the file used for the MPD runs 3.1 and 3.4, then list the differences between that and the 
corresponding file for run 3.12, and. finally describe changes made to these files for MCMC and 
projection runs. 



A4.1.1 population.csl for MPD runs 3.1 and 3.4 

X PARTITION 
@size_based 0 

@exclusions-char1 area area area 
@exclusions-va11 SA WC CS 
@exclusions-char2 stock stock stock 
Rexclusions~val2 E E W 

Bmual-cycle 
tima_steps 5 ? Oct-Nov, Dec-Mar, Apr-Jun, 
recruitment-time 2 
recruiUnent_areas CR CR 

s & n i n g q a r t m r t  0.5 
spamineareas CS WC 
spawning-use-total-B 1 
snamina D 1 

mranov 0 
fisheryjames Enspl Wnspl Ensp2 Wnsp2 Esp 
fishery-times 2 2 3 3 5 
fishexareas CR SA CR SA CS 

End 

dgr&tions 5 
migratio-emes Ertn Wrtn Whome Espmg Wspmg 
miaretion times 1 1 3 4 4 
mi&-atkf& CS wc CR CR SA 
migrate-to CR SA SA CS WC 

? RECRUITMENT 
@y-enter 2 
Rusemean-YCS T 

steepness 0.9 
p m l e  0.5 
year-range 1975 2000 1 to resamgle YCS from 

@recruitment W 
first-free 1975 
last-free 1999 
YCSjears 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 
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 1 1 1  
xrinitial 5 
SR BH 
steepness 0.9 
p m l e  0.5 
year-range 1975 ZOO0 # to r e s m l e  YCS from 

# RECRUITMENT VARIABILITY 
@randomisatio~method empirical 
@first-randowear 2003 

It NATURAL MORTALITY 
Onatural_mortality 



ogive-avg allvalues 0.275 0.275 0.275 0.275 0.275 0.275 0.275 0.275 0.275 0.275 0.275 0.275 
0.275 0.275 0.275 0.275 0.275 
ogive-diff allvalues 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 
0.05 0.05 0.05 

A 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 2004 
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 25100 
24400 

selectivity Enspsl 
futurejears 2005 2006 2007 2008 2009 
future-catches 25000 25000 25000 25000 25000 

@fishery Ens112 
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 2004 
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 
18300 

s&ectivity Enspsl 
futurejears 2005 2006 2007 2008 2009 
future-catches 15000 15000 15000 15000 15000 

Rfishery Wnppl 
years 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 
1997 1998 1999 2000 2001 2002 2003 2004 
catches 3200 6700 3000 7200 5900 5400 700 900 4400 14000 14700 5800 5900 5700 6900 10900 8800 
14300 13200 16900 12800 12500 
Uslax 0.3 
selectivity Wnspsl 
futurejears 2005 2006 2007 2008 2009 
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 2004 
catches 3500 5400 6100 3300 5400 7600 4900 9100 12700 17400 10900 5500 7500 6800 15100 14600 
14900 19500 16900 13400 8100 7900 
U - w  0.3 
selectivity Wnspsl 
futurejears 2005 2006 2007 2008 2009 
future-catches 15000 15000 15000 15000 15000 

Rfishery 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 2004 
catches 5000 5000 5000 10000 30000 60000 5000 18000 20000 25000 25000 23300 27900 24900 71500 
146700 227000 185900 173000 135900 107200 100100 117200 80100 75900 96900 107100 97500 105600 
109200 98300 78700 76600 

silectivity Wspsl 
futurejears 2005 2006 2007 2008 2009 
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 2004 
catches 600 7000 14000 29700 25600 22200 35900 34400 59700 56500 46700 40500 39000 33700 24000 
41400 40300 
U r n  0.67 
selectivity Espsl 
futurejears 2005 2006 2007 2008 2009 
future-catches 30000 30000 30000 30000 30000 

i COMMON SELECTIVITIES 

@selectivityJlames Enspsl Wnspsl Espsl Wspsl C ~ s l  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 CRsl 
all size-based double-normal 72 28 28 

@selectivity SAsl 
all size-sed double~ormal 72 28 28 

It MIGRATION 

emigration Ertn 
prop 1 

emigration Whwne 
I W home: CR to SA 
StOCk W 
ratesmle allvalues3ounded 1 8 0.1 0.1 0.43 0.56 0.88 0.9 0.95 1 
rates-female allvalues4ounded 1 8 0.1 0.1 0.28 0.33 0.44 0.6 0.8 1 

emigration Espmg 
# E spawning: CR to CS 
stock E 
rates-le allvalues3ounded 1 8 0.1 0.2 0.3 0.4 0.5 0.6 0.6 0.6 
rates-female allvalues4ounded 1 8 0.04 0.08 0.2 0.47 0.52 0.61 0.67 0.67 

Gmigration W s m  
# W spawning: SA to WC 
stock W 
ratesmle allvalues3ounded 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 data 

@sire-at-agejears 1984 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 
2002 2003 

= , . a  
male-1988 35.7 43 54.7 61.4 66.4 71.4 76 77.9 79.7 81.5 83.2 84.8 86.3 87.8 89.3 90.6 91.9 
female-1988 35.7 54 56.3 62.2 66.2 72.9 75.3 78.6 81.9 85.3 88.6 91.9 95.3 98.6 101.9 105.3 
108.6 
male-1989 33.2 44.6 55.5 61.6 66.6 71.3 74 75.9 77.7 79.6 81.5 83.4 85.3 87.2 89.1 91 92.9 
female 1989 33.2 46.7 56.2 62.3 67.7 74.8 76.4 78.7 80.9 83.2 85.4 87.7 89.9 92.2 94.4 96.7 
90.9----~ ~~ 

male-1990 34 47 54.1 62.4 66 72.4 74.5 77 79.1 80.9 82.4 83.7 84.8 85.7 86.5 87.1 87.7 
female-1990 34 47 56.1 64.6 69.6 73.3 78.3 80.6 82.9 85.2 87.5 89.8 92.2 94.5 96.8 99.1 101.4 
male-1991 34.6 46 56.3 63 68.3 71.4 74.8 76.9 78.9 80.8 82.6 84.4 86 87.6 89.2 90.6 92 
female-1991 34.6 46 57.3 65 71.3 73.4 80.2 81.9 83.7 85.4 87.2 88.9 90.7 92.4 94.2 95.9 97.7 
male-1992 28.8 53.5 59.8 64.4 69.7 73.3 74.9 80.4 83.3 84.8 85.6 86.1 86.3 86.4 86.5 86.5 86.5 
female-1992 28.8 52 56.7 64.2 70.9 77.9 80.3 83.2 85.7 87.8 89.7 91.2 92.5 93.6 94.6 95.4 96.1 
male-1993 33.8 42.6 61.1 66 70.1 74.8 76.5 79.8 82.4 84.4 86.1 87.4 88.4 89.2 89.9 90.4 90.8 
female-1993 33.8 38 60.9 66.7 72 77.1 80.8 82.5 84.2 85.9 87.6 89.3 91 92.6 94.3 96 97.7 
male 1994 33.9 47.8 56.3 66.5 71.973.2 75.7 78.6 81.1 83.3 85.2 86.9 88.4 89.7 90.9 91.9 92.8 
fema.ie-1994 33.944.556.4 67.3 72.9 77.6 80.9 84 86.889.2 91.4 93.3 95.1 96.6 97.9 99.2 
3"" " 

>>.a 
male 1997 32.3 46.9 56.9 64.2 68.7 71.8 76.7 78.9 81.1 83.3 85.5 87.7 89.9 92.1 94.3 96.5 98.7 
femaie-1997 32.3 49.3 57.9 66.2 72.6 77.1 83.3 85.1 86.9 88.7 90.4 92.1 93.7 95.4 96.9 98.4 
9 9 . 9  



# SIZE-WEIGHT 

1) MATURITY 
@maturitygrops 
all constant 1 

t INITIALIZING THE PARTITION 

@initialization E 
Rinitial 1 
m a n  T 

@initialization W 
Rinitial 1 
m a n  T 



A4.1.2 Differences in population.csl for run 3.12 

The population.cs1 file for run 3.12 wasas above except for the following changes 

- @smartition Was Set to F, 
- p m l e  0.5 was dropped from both @rec~itment blocks, 
-the naturaly mortality ogive was given as all 0.275, 
- selectivity specifications were changed as follows, 

Enspsl: all double-normal 3.82578 1.63038 17 
Wnspsl: all double-nonnal 5.34802 2.12396 7.79647 
EspSk all double-normal 10.6006 7 .58432 3.60395 
'WspSk all double-normal 10.3535 17 3.33346 
CRsk all double-normal 1.0008 1 8.71781 

SAsk all double-normal 10 5.5028 3.24635 

-the migration specifications were. changed as follows, 
m0me: rates-all allvalues>unded 1 8 0.1 0.1 0.43 0.56 0.88 0.9 0.95 1 

Espmg: rates-all allvalues-lmundea 1 8 0 .l 0.2 0.3 0.4 0.5 0.6 0.6 0.6 

Wspmg: rates-all allvalues>unded 1 8 0.1 0.2 0.3 0.4 0.5 0.6 0.6 0.6 

- sizes at age were. changed to 

A4.1.3 Differences in population.csl for MCMC and projection runs 

For MCMC runs the following changes were made 

-in the @naturalmortality block the subcommand allow-negative3 T was added (runs 3.1 and 3.4 
only), 
- @size-at-age-tme was changed from data to von-~ert, 



-the @size-at-age blocks for runs 3.1 and 3.4 were changed to 
@size-at-age E 
b l e  0.232 
to-le -1.23 
Linf male 89.5 

-the @size-at-ageblocks for nm 3.12 were changed to 
@size-at-age E 
k 0.164 
to -2.16 
Linf 100.8 

@size-at-age W 
k 0.206 
to -0.96 
Linf 102.1 

For projection m s ,  future-catches was changed for each m (according to Table 37) and, in the 
@recruitment blocks, year-range was changed to 1995 2000 where appropriate. 

A4.2: estimation-csl files 

The input data and estimation assumptions for each run are completely defined by the file 
estimation.cs1. I fmt present the file used for the MPD nm 3.1, then list the differences between that 
and the corresponding file for the other final runs, and finally describe changes made to these files for 
MCMC and projection m s .  

A4.2.1 estimation.csl for run 3.1 

The following is the file used for the MPD run. 

4 GENERAL 

@estimator Bayes 

@profile 
parameter Wlewrop-stock1 
n 5 

I P O I m  ESTIMATION 
@max_iters 500 
emax-evals 1000 

It MCMC 
@Mac 
start 1 
keep 1000 
length 3000000 
Stepsize 0.02 
adaptive-stepsize 1 
adapt-at 20000 40000 60000 80000 100000 
burn-in 1000 
subsample-size 1000 
systematic 1 

# AGEING ERROR 

@ageing-error 
type misclassification-matrix 



prior lognormal 
mu 0.57 
cv 0.68 
loweraund 0.032 
upper-bound 3.1 

@estimate 
parameter q[CRsuml.q 
prior lognormal 
mu 0.15 

Bestinate 
parameter ~[SAsuml .q 
prior lognormal 
mu 0.17 

QestLmate 
parameter catch-at[Espagel.cvgrocess~error 
~ r i o r  uniform 
lower3und 0.1 
upper-hd 1 

@estimate 
parameter catchat[Wspagel.cvqrocess-error 
prior uniform 
lower90und 0.1 
upper-bound 1 

@estimate 
parameter catc~at[Enspagel.cv~rocess~error 
same c a t c h _ a t [ E n ~ p ~ ~ ~ ] . ~ v q r ~ ~ e ~ ~ ~ e r r ~ r  
prior uniform 
lower3und 0.1 
upper-bound 1 

@estimate 
parameter catch-atIWnspagel.cv~rocess-error 
same catc~at[WnspOLF1.cvqrocess~error 
prior uniform 
lower-bound 0.1 
upper-bound 1 



parameter proportions~at~CRsumagel.cvgrocess~error 
prior uniform 
lower-bound 0.1 
upperhund 1 

@estimate 
parameter proportions-at[SAsumagel.cvgrocess-error 
Drior uniform 
lower_bound 0.1 
upper-bound 1 

@estimate 
parameter proportions~at[SAautagel.cvgrocess~error 
prior uniform 
lower-bound 0.1 
upper-bound 1 

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

Bestinate 
parameter B m e ~ r o p ~ s t o c k l  
phase 1 

B 0.6 
lower-bound 0.11 
upper-bound 0.59 

@estimate 
parameter recruitment[El.YCS 
phase 1 
prior lognormal 
m 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 1 1 1 
cv 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 
0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 
0.95 0.95 0.95 0.95 0.95 0.95 
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 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 8.60 8.60 8.60 8.60 8.60 
8.60 8.60 8.60 8.60 8.60 8.60 

@estimate 
parameter recmitment[WI.YCS 
phase 1 
prior lognormal 
mu 1 1 

1 1 1 1 
cv 0.95 0.95 
0.95 0.95 0.95 0.95 
0.95 0.95 0.95 0.95 
lower-bound 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 

@estimate 
parameter naturalmortality .ogive-avg 
phase 1 
prior lognormal 
mu 0.298 0.298 0.298 0.298 0.298 0.298 0.298 0.298 0.298 0.298 0.298 0.298 0.298 0.298 0.298 
0.298 0.298 
cv 0.631 0.631 0.631 0.631 0.631 0.631 0.631 0.631 0.631 0.631 0.631 0.631 0.631 0.631 0.631 
0.631 0.631 
lower-bound 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 
0.08 
upper-bound 0.78 0.78 0.78 0.78 0.78 0.78 0.78 0.78 0.78 0.78 0.78 0.78 0.78 0.78 0.78 0.78 
0.78 

@estimate 
parameter natural~orta1ity.ogive-diff 
phase 1 
prior normal-by-stdev 
mu 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 



stdw 0.105 0.105 0.105 0.105 0.105 0.105 
0.105 0.105 0.105 
lower-bound -0.16 -0.16 -0.16 -0.16 -0.16 
0.16 -0.16 -0.16 -0.16 
upper-bound 0.26 0.26 0.26 0.26 0.26 0.26 
0.26 

@estimate 
parameter selectivity[Wspsll.shift-a 
phase 1 
prior uniform 
lower-bound -10.24 
upper-bund 2.24 

@estimate 
parameter migration[Whomal.rates_male 
same migration[Whomel .rates-female 
Dhase 1 
Prior Uniform 
lower-bound 0.01 0.01 0.01 0 0 0 0 1 
upperaund 1 1 1 1 1 1 1 1 

Pestimace 
parameter migrationIEs~mgl.rates_~~ale 
uhase 1 
prior uniform 
lower-bound 0 0 0 0 0 0 0 0 
uppsr-bound 1 1 1 1 1 1 1 1 

@estimate 
parameter migration[Ws~mgl.rates-male 
phase 1 
prior uniform 
lower-bound 0 0 0 0 0 0 0 0 
upper-bund l 1 1 1 1 1 1 1 

@estimate 
parameter migration[W$pmgl.rates-female 
ohase 1 - 
prior uniform 
lower-bound 0 0 0 0 0 0 0 0.6 
upper-bound I 1 1 1 1 1 1 1 

@estimate 
parameter selectivity[enspsll.all 
phase 1 
prior uniform 
lower-bound 64 4 4 
upper-bound 84 44 44 

@estimate 
parameter selectivity[Wnspsll.all 

eeatimate 
parameter selectivity[espsll .all 
same selectivity[wspsll.all 
Dhase 1 
prior uniform 
lower-bound 6 4 
upper-bound 80 60 

phase 1 
prior uniform 
lower-bound 64 4 4 
upgergound 84 44 44 

@estimate 
parameter selectivity~S~sll.al1 
phase 1 
prior uniform 
lower-bound 64 4 4 
upper-bound 84 44 44 

I RELATIVITY CONSTANPS 



@-thod nuisance 

t OBSERVATIONS 

@relative-abundance CSacous 
step 5 
proportionmortality 0.5 
area CS 

q Csacous 
years 1991 1993 
1991 151000 
1993 485000 
1994 485000 
1995 344000 
1996 164000 
1997 244000 
1998 139000 
1999 199000 
2001 119000 
2002 258000 
2003 183000 
dist lognormal 
cv-1991 0.41 
cv-1993 0.52 
cv-1994 0.91 
cv-1995 0.61 
cv-1996 0.57 
cv 1997 0.40 

@relative-abundance WCacous 
step 5 
proportionmortality 0.5 
area WC 
hiomass 1 

1992 345000 
1993 550000 
1997 654000 
2000 396000 
dist loonormal 

Orelative-abundance CRsmbio 
step 2 
proportiotunortality 0.6 
area CR 
biomass 1 
Ogive CRsl 
a CRsum 
krocess-error 0.2 
years 1992 1993 1994 
aist lognormal 
1992 120190 
1993 185570 
1994 145633 
1995 120441 
1996 152813 
1997 157900 
1998 86678 
1999 109336 
2000 71740 
2001 60330 
2002 74351 



@relative-abundance SAsumbiO 
s tep  2 
g r o p a r t i o n m r t a l i t y  0 . 5  
irei SA 
biomass 1 
oaive  SAsl 

&grocess-error 0 .2  
years  1992 1993 1994 
d i s t  lognormal 
1992 80285 

@relative-abundance SAautbio 
s t e p  3 
p r o p o r t i o n p r t a l i t y  0 . 1  
area SA 
biomass 1 
ogive  SAsl 



@catchat Wspage 
years 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 
fishery Wsp 
plus-group T 
smto-one TRUE 
mi~class 2 2 
m c l a s s  15 15 
dist robustified-lognoma1 
r 0 . m  



@catch-at EnspOLF 
years 1992 1994 1996 1998 
fishery hspl hap2 
plusgroup TRUE 
sum to one TRUE 

K c l a s s  6 6 
dist robustified-lognod 
r 0.01 

@catch-at Enspage 
years 1999 2000 2001 2002 2003 
fishery Enspl hsp2 
plus-group TRUE 



sumto-one TRUE 
mi~class 1 1 
max_class 13 13 
dist robustified-lognormal 

. - - - -  
cvk2000 0.29 0.11 0.27 0.37 0.2 
0.18 0.2 0.18 0.22 0.27 0.31 0.2 
cvg2001 1.43 0.22 0.08 0.13 0.2 
0.16 0.14 0.16 0.14 0.2 0.42 0.3 
cvs 2002 0.23 0.41 0.18 0.13 0.1 

@catchat WnspOLF 
years 1992 1993 1994 1996 1999 ZOO0 
fishery Wnspl Wnsp2 
plus-group TRUE 
-to-one TRUE 
mi~class 2 2 
m c l a s s  6 6 
dist robustified-lognod 

' r 0.01 

BcatcLat Wnspage 
years 2001 2002 2003 
fishery Wnspl Wnsp2 
plusgroup TRUE 
sumto-one TRUE 
minxlass 2 2 
m c l a s s  13 13 
dist robustified-lognorma1 
r 0.01 

cvs-2003 0.48 0.65 0.34 0.5 0.53 0.52 0.37 0.39 0.31 0.37 0.63 0.6 0.41 0.63.0.59 0.42 0.28 
0.280.19 0.18 0.16 0.27 0.43 0.29 

Bproportions-at CRsumage 
step 2 
proportionmortality 0.6 
area CR 
ogive CRsl 
years 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 



plus-group T 
s-to-one TRUE 
mi~cla8s 1 1 
=class 13 13 
dist robustified-lognod 

eproportions-at SAsumage 
step 2 
proportion-rtality 0.5 
Hrea SA 
ogive SAsl 
years 1992 1993 1994 2001 2002 2003 2004 
plusgroup T 
sumto-one TRUE 
mieclass 2 2 
max_class 15 15 
dist robustified-losnorma1 



@proportions-at SAautage 
step 3 
proportio~rtality 0.1 
area SA 
ogive S A S ~  
years 1992 1996 1998 
plussroup T 
sum to one TRUE 
mi<c1;;ss 2 2 
-class 15 15 
dist robustified-lognorns1 
r 0.01  

eproportions-migrating pspawn 
years 1992 1998 
sex 2 
migration wspung 
plusgroup 1 
min-class 3 
-class 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 

t PENALTIES 

@YCS-differencesenalty 
label YCS.eq.01 
stock1 E 
stock2 W 
year 2001 
multiplier 1000 



@YcS-differenceqenalty 
label YCS.eq.00 
stock1 E 
stick2 W 
year 2000 
multiplier 1000 

@YcS-differenceqenalty 
label YCS.eq.99 
stock1 E 
stock2 W 
year 1999 
multiplier 1000 

ecatc~limitqenal ty 
label UmXJnSPl 
fishery Enspl 
log-scale 1 
multiplier 10000 

ecatchlimitsenalty 
label umX-EnSP2 
fishery En@ 
log-scale 1 
multiplier 10000 

ecatchlimitqenalty 
label ~ W n s p l  
fishery Wnspl 
log-scale 1 
multiplier 10000 

~catchlimitgenalt~ 
label Vmax.Wnsp2 
fishery WnspZ 
logscale 1 
multiplier 10000 

@catchl.limitgenaltY 
label VmaXEsp 
fishery Esp 
log-scale 1 
multiplier 10000 

ecatchlimitsenalty 
label -WsP 
f ishery Wsp 
log-scale 1 
multiplier 10000 

@ogi~e~differ~nceqenalty 
label hom.migr.M 
ogivel migration[Esypngl.ratesple 
oaive2 migration[Wsgmgl .ratesmle 
ciass 8 - 
multiplier 100 

@wive-differ~ceqenalty 
label h0m.migr.P 
ogivel m i g r a t i o n [ E ~ l . r a t e s - f e m l e  
oaive2 misrationlWsypngl.rates-€ale 
ciass 8 - 
multiplier 100 

A4.2.2 Differences in estimation.csl for other MPD runs 

The differences for run 3.4 were minor. The upper bounds for the prior on 
naturalmrtality.ogive-~EE were changed to 0.19 and cvqrocess-error was changed from 0.2 to 0 
for all trawl survey biomass indices (CRsumbio, SAsurnbio, SAautbio). The following were the 
differences for run 3.12 

- the lower bound of the prior for IogBmeanJotal was increased to 13.0, 
-the two natural mortality @estimate blocks were changed to 
@estimate 
parameter naturalmortality.al1 
prior lognormal 
mu 0.298 
cv 0.153 
lower-baund 0.22 
upper-bound 0.40 



-the @estimate blocks for the Whome migration were replaced by 
@estimate 
parameter migration[Whomel.rates-all 
phase 1 
prior unif o m  
lowergound 0.01 0.01 0.01 0 0 0 0 1 
upper-bound 1 1 1 1 1 1 1 1 

-the @estimate blocks for Espmg and Wspmg were replaced by 
@estimate 
parameter migration[Espmgl.rates-all 
same migration[Ws~angl.rates-all 
phase 1 
prior uniform 
lower-bound 0 0 0 0 0 0 0 0 
upper-bund 1 1 1 1 1 1 1 1 

-the @estimate blocks for selectivities were replaced by 
@estimate 
parameter selectivity~Enspsll.all 
phase 1 
orior uniform 
lower-bound 1 1 1 
upper-bound 17 50 50 

@estimate 
parameter selectivity[Wnspsll.all 
ohase 1 
prior uniform 
lower-bound 1 1 1 
upper-bound 17 50 50 

@estimate 
parameter selectivity[Espsll.all 
phase 1 
prior uniform 
lower-bound 1 1 1 
uppergound 17 50 50 

@estimate 
parameter selectivity[Wspsll.all 
phase 1 
prior uniform 
lower bound 1 1 1 

@estimate 
parameter selectivity[CRsll.all 
phase 1 
orior uniform 
lowergound 1 1 1 
upper-bound 17 50 50 

@estimate 
parameter selectivity~~~sll.al1 
ohase 1 
prior uniform 
lower-bound 1 1 1 
upper-bound 17 50 50 

- cvgrocess-error was changed from 0.2 to 0 for all trawl s w e y  biomass indices (CRsumbio, 
SAsumbio, SAautbio) 
- all at-age observation blocks were replaced by the following 
@catch-at Espage 
years 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 
fisherv Eso 
sexed - 
plus-group T 
smto-one TRUE 
min-class 2 
max-class 15 
dist robustified-lomom1 



8 c a t c L a t  Wspage 
years 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 
f i shery  Wsp 
sexed P 
plus-group T 
swhfo-one T R U ~  
min-class 2 



cvs-1992 
cvs-1993 
cvs-1994 
cvs 1995 

@catch-at EnspOLF 
sexed P 
years 1992 1994 1996 1998 
fishery Enspl Ensp2 
plusgroup TRUE 
sumto-one TRUE 
mi~class 1 
m c l a s s  6 
dist robustified-lormom1 

sexed P 
years 1999 2000 2001 2002 2003 
fishery Enspl Enm2 
plusgroup TRUE 
smto_one TRUE 
minIclass 1 
max-class 13 
dist robustified-lognormal 
r 0.01 

sexed F 
years 1992 1993 1994 1996 1999 2000 
fishem Wnsd Wn-2 

min-class 2 
--class 6 
dist robustified-lognorma1 
r 0.01 



@catchat Wnspage 
sexed P 
years 2001 2002 2003 
fishery Wnspl Wnsp2 
plusgroup TRUE 
s-to-one TRUE 
miLClass 2 
=class 13 
dist robustified-lognormal 

@proportions-at CRsumage 
sexed F 
step 2 
proportionmrtality 0.6 

~~~ 

plus-group T 
sumto-one TRUE 
mi~class 1 
max_class 13 
dist robustified-lognorTd 
r 0.01 

cvs-1994 
cvs-1995 
cvs-1996 
cvs 1997 

cvs3999 
cvs~2000 
CVS~2OOl 
cvs 2002 

@proportions-at SAsunnge 
sexed F 
step 2 
proportionmortality 0.5 
Hrea SA 
ogive SAsl 
years 1992 1993 1994 2001 2002 2003 2004 
plusgroup T 
sumto-one TRUE 
min-class 2 
m c l a s s  15 
dist robustified-lognod 



. 
c v q r o c e s s - e r r o r  0 . 4 0  
1992 0.012635 0 ,128901  0,386008 0.031098 0.067595 0.165544 0.084284 0 ,039995  0.031375 0.015168 
0.011524 0.009234 0.010991 0.005647 
1993 0.013421 0.005897 0.09601 0.306359 0.037463 0.11554 0.201777 0.117991 0.037393 0.026937 
0.017999 0.011327 0.007896 0,003988 
1994 0,114463 0.002568 0,035959 0.222066 0.185125 0.021806 0,084954 0.159438 0.103202 0,028157 
0.016314 0.013569 0.000719 0.01166 
2001 0.003589 0.047393 0.044696 0.061999 0.197093 0.165546 0.252899 0.136709 0.024873 0.021692 
0.011626 0.013986 0.004687 0.013211 
2002 0.014828 0.095014 0,04782 0.081369 0,094527 0,194326 0,16006 0 ,15486  0.087295 0,026616 
0.025437 0.008714 0.006127 0.003007 
2003 0.230756 0.004503 0.029266 0.038692 0.073058 0.066036 0.181135 0.163756 0.117175 0.051963 
0.014694 0.012151 0.012528 0.004287, 
2004 0.004756 0.127802 0,037943 0.054585 0.047275 0,095622 0,049513 0.181005 0.122227 0,14718 
0.097808 0.00963 0.011452 0.0132 
cvs-1992 0.36 0 . 1 2  0 .07  0.18 0.14 0 . 1  0 .13  0.17 0.18 0.23 0.29 0.35 0.37 0 . 3 5  
cvs-1993 0 .5  0 . 3 1  0.13 0.07 0.2 0.14 0 . 1  0.13 0.2 0.23 0.28 0.44 0.43 0 .41  
cvs-1994 0.36 0 .71  0.24 0.13 0.13 0.23 0.17 0.14 0.16 0.23 0.29 0.34 0.66 0.36 
cvs-2001 0.45 0.17 0.19 0.17 0 . 1  0 . 1  0 .08  0.11 0 . 2 1  0.27 0.3 0.33 0 .53  0 .35  
cvs-2002 0 .36  0 .21  0.17 0.15 0.15 0.11 0 . 1 1  0.11 0.14 0.28 0.27 0 . 4 1  0.39 0 .51  
cvs-2003 0 .27  0 .38  0 .19  0 .2  0.18 0.19 0..14 0.14 0.14 0.19 0.32 0.28 0.4 0 . 4  
cvs-2004 0 .75  0 . 1 7  0.29 0.18 0 .2  0.16 0 .21  0.12 0.13 0.13 0.16 0.43 0.4 0 .37  

seXea P 
s t e p  3 
p r o p o r t i o I u m r t a l i t y  0 . 1  
area SA 

r 0.01 
cvqrocess-error 0.40 
1992 0.013218 0.096714 0,30677 0,02118 0.080823 0.203547 0.143431 0.038656 0.029968 
0.010965 0.01286 0.009997 0,009355 
1996 0.185035 0.326481 0.184962 0.011023 0.017982 0.088946 0.112134 0.008914 0.023809 
0.007652 0.003135 0.002879 0.001553 
1998 0.03502 0.181426 0.112354 0.25342 0.163106 0.040561 0.031445 0.072592 0.053464 
0.016505 0 ,013783  0,006426 0.006883 
cvs-1992 0.34 0 . 1 3  0.07 0 .21  0.13 0.08 0.11 0.19 0.23 0.24 0.31 0.27 0.35 0.33 
cvs-1996 0 . 1 9  0 . 1  0.11 0.28 0.21 0.14 0.14 0.24 0.23 0.23 0.33 0.45 0.59 0 . 5  
cvs-1998 0 . 2 1  0.09 0 . 1 1  0.07 0.09 0.14 0.14 0.11 0.13 0 .2  0 .21  0.24 0.34 0 .32  

@ p r o p o r t i o n s A g r a t i n g  pspawn 
y e a r s  1992 1998  
m i o r a t i o n  Wscmp 

=class 9 
d i s t  lognormal  
1992 0.19 0.45 0 . 2 7  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 

-the two ogive-difference-penalty blocks were replaced by 
Regive-differencesenalty 
label hom.migr 
o g i v e l  m i g r a t i o n l E ~ l . r a t e s - a l l  
o g i v e 2  migrationlWspmal.rates-all 
c l a s s  8 
m u l t i p l i e r  100 



A4.2.3 Differences in estimation.csl for MCMC and projection runs 

For MCMC runs the following changes were made 

- all @estimate blocks for processerror c.v.s were dropped, 
-all processerror c.v.s were replaced by the MPD estimates from run 3.4 (Espage 0.22,Wspage 0.36. 
Enspage 0.39, Wnspage 0.39, CRsumage 0.47, SAsumage 0.25, SAautage 0.34). 
- d l  @Yes-differencesenalty blocks were dropped, 
-lower bounds on priors for naturalslortality .ogive-avg were changed to 0.119 for run 3.1, and 
0.115 for run 3.4, 
-lower bounds on priors for naturalslortality.ogive-diff were changed to -0.05 for run 3.1, 
-upper bounds on priors for naturalmrtality.ogive-dirf were changed to 0.05 (age 1) or 0.24 
(other ages) for run 3.1, and 0.24 (all ages)for run 3.4 

No changes were made for projection runs. 

Appendix 5: Penalty functions to smooth M 

This Appendix documents the penalty functions used in smoothing natural mortality in run 3.13, 
which was the same as run 3.1 except for the following limes added to estimation.cs1. Multipliers of 
1000 were also tried but they made very little difference. 

Oogive-smoothinggenalty 
laeel Mavg.smooth 
ogive natural_mortality.ogive-avg 
r 4  
lower90und 1 
upper-bound 17 
multiplier 100 

Rogive-smoothingqenalty 
label Mdiff.smooth 
ogive natural_mortality.ogive_diff 
r 4  
lowergound 1 
upper-bound 17 
multiplier 100 


