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EXECUTIVE SUMMARY 

The Bayesian stock assessment and decision analysis method is applied to hoki 
assuming separate western and eastern stocks. 

Prior probability distributions for virgin biomass (B,), natural mortality, 
recruitment (1-yearclass) strength, the extent of recruitment variability, the 
steepness of the spawner biomass-recruitment relationship, and the constants of 
proportionality which relate observed indices to model quantities are used in 
this year's assessment. 

The base case stock assessments incorporate catch rate, acoustic, and trawl 
survey data. For the western stock, the results indicate that B, is 2.01 million 
tonnes and that the biomass in the middle of the 1994 fishing season will be 
77% of this. The base case stock assessment for the eastern stock indicates that 
B, is 0.62 million tonnes and that the biomass in the middle of the 1994 fishing 
season will be 27% larger than this. 

The consequences of several alternative harvest policies are examined by means 
of decision analysis. 

The sensitivity of the stock assessment and decision analysis results to the form 
of the prior assumed for Bo is explored by changing the maximum of this prior 
and by considering priors on tnB, and B,, / B,. Increasing the maximum of 
this prior leads to more optimistic results and vice versa. Quantitatively, the 
results are less sensitive to increases to the maximum of the Bo prior than to 
reductions. 

A multiple stock hoki model is described, but is not implemented in this year's 
assessment. 



1. INTRODUCTION 

Punt et al. (1993) applied a Bayesian stock assessment method to calculate posterior 
distributions for the virgin biomass (Bo) and the current age structure of New Zealand's 
western stock of hoki (Macruronus novaezelandiae). These distributions were used as 
input to a decision analysis to assess the consequences, in terms of risks and rewards, of 
alternative management actions. The analyses by Punt et al. (1993) used informative 
prior distributions for M (the instantaneous rate of natural mortality), or (the extent of 
recruitment variability), Bo, and the constant of proportionality for the acoustic index of 
abundance. 

It is assumed for stock assessment purposes that there are two stocks of hoki off New 
Zealand (Annala 1993) as two discrete spawning areas (Hokitika Canyon and Cook 
Strait) a known to exist. However, there is considerable overlap between the juveniles 
of the western stock and individuals from the eastern stock on the Chatham Rise 
(Annala 1993). This paper thus describes an extension of the multi-stock estimation 
approach developed by Punt (1993) that allows for spatial distribution patterns which 
vary with age. However, due to paucity of data, it is impossible to apply this method to 
hog, so stock assessments and decision analyses are conducted for each of these stocks 
separately. 

2. METHODS 

2.1 Stock assessment 

Bayesian posterior probability distributions for virgin biomass (Bo) and for the age 
structure of the population at the start of 1994 are needed to apply the decision analysis 
(see Section 2.2). These probability distributions are obtained from a Bayesian stock 
assessment method. The technique applied in this paper is an extension of the methods 
applied by Francis et al. (1992), Pikitch et al. (1992). and particularly Punt et al. 
(1993). 

The empirical joint posterior probability distribution for Bo and the age structure at the 
start of 1994 is obtained by applying the following algorithm. 

Select values for the model inputs (i.e., Bo, M, h, Or, and the qs) from their prior 
distributions. 

For each of the cohorts which have been, or will be, subject to fishing, generate 
recruitment residuals from a normal distribution with mean enR, and standard 
deviation o r ,  (see Equation 1.3). 

Project the age- and sex-structured population dynamics model (see Appendix I) 
forward, using the known catches, to predict stock biomasses. (The projection of 
the model up to the current year will be referred to as the historic projection.) 

Calculate a likelihood for the projection (see Appendix IT). 



If any of the exploitation rates rise above the maxima possible (see Equation 
1.12 and accompanying text), the likelihood is set to zero. 

Repeat steps 1 to 5 a very large number (20 000) of times, and summarise the 
results of the historic projections to compute an empirical posterior distribution. 
This distribution can be represented as a matrix with the first element of each 
row equal to the likelihood of the projection and the rest of each row containing 
the values of the model inputs. 

Select 5000 historic projections with replacement, assigning a probability of 
selecting a particular historic projection proportional to its likelihood. It is 
necessary to select with replacement because some historic projections may be 
much more likely than others. The selected projections are used when 
performing the decision analysis. 

2.1.1 Parameter values 

The values for the model parameters, except those for M, h, and a,, used in the base 
case assessments are identical to those used by Cordue (1994) and are listed in Tables 1 
and 2. Fecundity-at-age is assumed to be proportional to female mass-at-age. Table 3 
lists the mean recruitment multipliers and their standard errors (see Equation 1.3) 
selected by the 1994 Hoki Working Group (Annala 1994). 

Informative prior distributions are assumed for several parameters. As in previous years 
(e.g., Pikitch et al. 1992), it is assumed that the prior for Bo for the western stock is 
uniformly distributed over the interval 0 to 3 000 000 t. During the 1994 Hoki Working 
Group meetings, it was decided that an appropriate base case prior for $ for the eastern 
stock is one which is uniformly distributed over the interval 0 to 1 000 000 t (Annala 
1994). For computational efficiency reasons, the lower ends of these distributions are 
increased (see Section 3.2). The prior distributions for M (Table 1) are based on the 
range used in the tests of the sensitivity of the results to the value of this parameter 
carried out by MAF (e.g., Cordue 1993). 

2.1.1.2 A prior distribution for steepness 

It is not possible to estimate the steepness of the stock-recruitment relationship (h, see 
Equation 1.8) for hoki because there is insuffxient information on spawner biomass and 
recruitment for this resource. For the assessments of hoki conducted during 1993, it was 
assumed that the value of this parameter was 0.75 (Cordue 1993, Punt et al. 1993). A 
prior distribution for h is developed here using the spawner biomass and recruitment 
data, and the estimates of the spawner biomass-per-recruit at the pristine level (B;) for 
several gadoid stocks collected by Myers et al. (in press). 

The conditional probability approach used to construct an informative prior distribution 
for h for hoki involves the following three assumptions. 

a) The steepness of the hoki stock-recruitment relationship (h,,) is equal to the 
steepness of the stock-recruitment relationship for some gadoid. 
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The particular gadoid is (of course) unknown, but the probability of it being one 
of the haddocks in Table 4 is the same (i.e., 
P[hhob' = h M j ]  = Constant = 11 N where N is the total number of haddock 

stocks in Table 4) and b e  probability of it being some other gadoid is zero. 

A prior for steepness (before looking at any data) would be U10.2, 11. 

Now, the probability that h,, is equal to the steepness for haddock j and that h,, 
equals one of a discrete number of alternatives for (4) is equal to the probability that 
h, = h-, times the conditional probability that h,, = hi given that h, = h*;, 
1.e.: 

Therefore, the probability that h,, = 4 is equal to: 

From assumption a) above, this means that P[h,,=h,] equals 
1 
-$flh, =41h, =hwJ 1. The conditional probability for haddock stock j is 
N j=1 

calculated by norrnalising the likelihood profile for that stock (i.e., making use of 
assumption c) above). 

The likelihood function assumed when performing these calculations is the same as that 
used by Myers et al. (in press): 

where Rt is the observed number of recruits in year t, 
h is steepness, 
B, is the virgin spawner biomass, 

a, is the residual standard deviation, and 
is the model-predicted (see Equation 1.3) recruitment during year t. 

Note that the procedure used to calculate 4 assumes that the estimates of spawner 
biomass are known without error. 

Table 4 lists the maximum likelihood estimates for h, a, and Bo for the gadoid stocks 

for which information on @ is available. Figure l(a) shows the cumulative probability 
distribution for h obtained from the conditional probability approach. This distribution 
has been adjusted so that its median is 0.9 (the value selected for base case analyses by 
the 1994 Hoki Working Group (Annala 1994)). 



2.1.13 A prior distribution for the extent of recruitment variability 

Figure l(b) shows the cumulative probability distribution for a, calculated using the 
conditional probability approach (see Section 2.1.1.2). This distribution is based on the 
spawner biomass and recruitment data for the haddock stocks listed in Table 4. Its 
median has been adjusted to be 0.65 to match the base case value for this parameter 
selected by the 1993 Hoki Working Group (Annals 1993). 

2.1.1.4 The prior distributions for the constants of proportionality 

The prior distribution for the constant of proportionality which relates the acoustic 
estimates of the spawner biomass during the winter spawning season off the west coast 
of the South Island to spawner biomass (B,* - see Equation 1.13), is log normal with a 
mean of 0.420 and a CV of 0.520. This prior distribution was constructed by attempting 
to quantify the uncertainties associated with the acoustic indices as measures of 
absolute abundance and approximating the resultant distribution by a log normal 
distribution. The details of the derivation of this prior are given in Appendix III. The 
derivation of a similar prior distribution for the eastern stock leads to a prior which is 
effectively identical to that for the west coast (see Appendix III). 

It is currently impossible to construct informative prior distributions for the constants of 
proportionality for the catch rate and trawl survey indices. Instead, the prior 
distributions for these parameters have been taken to be non-informative with respect to 
B,. McAllister et al. (unpublished results) show that the appropriate non-informative 
prior in this instance is one which is uniform on a log scale over the range (-=, 00) . 

2.1.2 Data used 

The catch data are listed in Table 5 and the abundance data used in the assessments 
(acoustic indices, CPUE data, and trawl survey indices) and their (assumed) CVs are 
listed in Table 6. Appendix I Section E describes how the various abundance indices 
are related to the quantities predicted by the population dynamics model. 

2.13. Determining 90% intervals of posterior distributions 

The method applied to determine 90% intervals depends on the management quantity in 
question. For those quantities which are not probabilities (e.g., B,), the 90% intervals of 
the posterior probability distributions are obtained by forming a cumulative distribution 
and solving numerically for the appropriate percentiles. 

Unfortunately, this method cannot be applied to estimate 90% intervals for 
management quantities for which a future projection provides a value of either 1 or 0 
(such as fishery risk and P(Bm > B,,,)). For these quantities (denoted here by Q), the 
90% intervals are computed by determining the 90% intervals for another variable X, 
and using the function between Q and X to infer a 90% interval for Q. The variable X 
has to be continuous and related to Q by a one-one mapping. This method is obviously 
ad hoc and would work perfectly only if Q was truly a function of X alone. 
Unfortunately, for the assessment method applied here, the performance indices are not 
functions of a single variables, but rather of a large number of variables (recruitment, 



natural mortality, etc.). Given these difficulties, the 90% intervals should be taken to be 
indicative rather than definitive. 

To test the sensitivity of the results to the choice of a variable X, 90% intervals were 
computed using three choices for X: B,, B,,, and B,, / B,. The function relating Q 

to X was either: Q = 1 - (1 + exp@ or Q = (1 + enp@ +ax))-' , the selection 
being based on which fits the data best: the fmt equation works best for fishery and 
stock risk and the latter for quantities such as P(Bm > B,,,). The results for alternative 
choices for X are similar: what differences are apparent do not affect the qualitative 
conclusions which are drawn from the 90% intervals. 

2.2 Decision analysis 

For each of the 5000 historic projections which are selected, a set of alternative 5-year 
projections (referred to as future projections) are carried out. Note that, because a 
historic projection may be selected more than once, it is possible for multiple future 
projections to be performed for a single set of model inputs (each of these projections 
considers different future recruitment residuals (i.e.e,: y > 1994) and observation errors 
even though the values of the model parameters and historic recruitment residuals (i.e., 
E,: y 11994) remain the same). Each future projection involves applying the 
management policy under consideration to set the TACC for the next 5 years (i.e., 1995 
to 1999 - the TACC for 1994 is always taken to be 200 kt). The pre-spawning and 
spawning season catches for 1994 for the western stock are taken to be 35 000 and 105 
000 t respectively. For the eastern stock, these catches are assumed to be 35 000 and 25 
000 t respectively. 

The performance statistics reported for each alternative policy are defined in Appendix 
IV. The first nine of these were selected by the 1993 Hoki Working Group and the last 
two were added to investigate further the consequences of possible catch reductions 
(Punt et al. 1993). The consequences of the seven alternative harvesting polices have 
been examined. These policies and their acronyms are listed in Table 7. The policies 
examine a range of possible TACC increases in 1995 as well as two possible 
approaches to splitting such an increase between the western and eastern stocks (i.e., 
taking all the increase from the western stock or splitting the increase equally between 
the two stocks). 

3. SENSITIVITY TESTS 

3.1 Alternative choices for base case assessments 

The base case assessments are based on using informative prior distributions for most 
of the model parameters. An alternative (but less defensible from a Bayesian point of 
view) set of base case assessments can be conducted by replacing these distributions by 
delta-functions (i.e., constants) as done by Cordue (1993, 1994) [although his procedure 
is not Bayesian in nature]. The specifications for these "alternative" base case 
assessments are: 

a) a, = 0.65 
b) M for males is 0.3 yr-' and M for females is 0.25 yr-' 



c) h = 0.9 
d) the variability about the mean recruitment multipliers is zero (1985 to 

1989 for the western stock, and 1986 to 1989 for the eastern stock). 

3.2 Alternative choices for a prior for Bo 

Recent assessments of the western stock of hoki (e.g., Pikitch et al. 1992, Punt et al. 
1993) were based on a prior distribution for Bo which was uniform over the interval 0 
to 3 000 000 t. In this assessment, a l l  the priors for Bo are based on a lower bound for 
Bo of 600 000 t for computational efficiency reasons. The 0 to 3 000 000 t prior was 
defined at the 1991 Hoki Working Group by scientists from MAF. At the 1993 Hoki 
Working Group meetings, questions were raised about the appropriateness of this prior 
and its influence on the stock assessment and decision analysis results. To investigate 
this issue, the sensitivity of the results of the assessment for the western stock to several 
alternative prior distributions for virgin biomass are examined: 

a) Bo - U[600 000; 3 000 000 t] - the base case 
b) Bo - U[600 000; 2 000 000 t] 
c) Bo - U[600 000; 4 000 000 t] 

d) en Bo-U[tn(600 000 t); tn(3 000 000 t)] . 
The corresponding sensitivity tests for the eastern stock are: 

a) Bo - U[50 000; 1 000 000 t] - the base case 
b) Bo-U[50000;500000t] 

C) Bo - U[50 000; 1,500 000 t] 
d) en Bo-U[tn(50 000 t); tn(1 000 000 t)]. 

The prior distribution for Bo determines the prior distributions for a number of other 
quantities, including the current depletion, i.e., B,, I Bo. It would seem sensible to 
consider the sensitivity of the stock assessment results to placing a prior on this quantity 
rather than on Bo. Specification of a prior for Bl, 1 Bo is straightforward for a 
deterministic model (i.e., no recruitment fluctuations) as a uniform prior on the interval 
[O, 11 would be natural. The rationale for this prior is that if only a series of catches is 
available, the current depletion must lie somewhere between 0 and 1. A uniform prior 
over the interval 0 to 1 on current depletion is part of the Catch Limit Algorithm of the 
International Whaling Commission's Revised Management Procedure (Cooke 1989, 
IWC 1992). 

When recruitment is not related deterministically to the spawner biomass, specifying a 
prior distribution for current depletion is less straightforward because it is possible for 
the current biomass to be larger than the virgin size (and hence for B,, 1 Bo to be larger 
than unity). This problem has been overcome by selecting a prior for Bl, 1 Bo which is 
uniform between 0 and 2. A computational problem arises when implementing a prior 
on current depletion using the methodology of Punt et al. (1993) (and Francis et al. 
1992, 1993), as it involves selecting a value for B,, I Bo from its prior and then 
calculating the corresponding value of $, given values for the recruitment residuals (if 



such a Bo exists). This is very intensive computationally and renders the problem 
insoluble. This problem is overcome by using an alternative generation scheme. 

a) Select a large number of values for Bo (ranges of 600 000 to 3 000 000 t 
for the western stock and 50 000 to 1 000 000 t for the eastern stock 
were chosen for comparability with the base case). 

b) Project each Bo forward, calculating the likelihood for each projection 
(see Appendix II) and storing the value of B,, / B, at the same time. 

c) Divide the values of B,, / B,, into 50 bins of equal length. 

d) Re-weight all the projections by the ratio of the expected to the observed 
number in each bin (i.e., using the prior assumed for B,, / B,). 

This approach is similar to that used by Givens et al. (1994) to examine the sensitivity 
of the results of a Bayesian stock assessment procedure for bowhead whales to choices 
for prior distributions for the model parameters. 

3 3  The additional sensitivity tests 

The sensitivity of the results to a number of tests other than those listed in Sections 3.1 
and 3.2 has been examined: 

a) using the trawl survey indices for animals 6 years and older rather than 
those for animals 5 years and older, 

b) using each of the abundance indices separately; 
c) increasingldecreasing the median of the acoustic q prior by 0.1 ; 
d) changing the fraction of the population that spawn each year; and 
e) assuming that the female natural mortality rate is exactly 0.05 yr-' less 

than that for males. 

4. RESULTS AND DISCUSSION 

4.1 Stock assessment 

The means and standard deviations of the posterior distributions of three of the 
quantities of importance to management (B,, B,,, and B,, / B,) are shown in Table 8 
for the base case analyses and the sensitivity tests. 

4.1.1 The base case assessments 

The base case assessment for the western stock indicates that B, is 2 000 000 t, and that 
the current (1994) mid-season biomass is 1 561 000 t (77% of the unexploited 
equilibrium level). The estimate of B, is more optimistic than that obtained during last 
year's base case assessment (1 863 000 t) [see Punt et al. 1993, table 51. This change is 
due to the optimistic abundance indices for 1993, a prior for steepness which is more 
optimistic than that used last year, and the change made to the prior for the constant of 
proportionality which relates the acoustic indices of abundance to the model estimates 
of spawner biomass (see Appendix El and Section 2.1.1.4). The standard deviations for 
the three management-related quantities are relatively large and, consequently, the 90% 
intervals for the posterior distributions are also relatively large. 



The mean mid-season biomass trajectory, expressed as a percentage of the unexploited 
equilibrium level, is given in Figure 2(a): the biomass declined between 1984 and 199 1 
and has been increasing recently. The reason for this increase is the combination of 
lower catches (see Table 5) and stronger than average recruitment (see Table 3). 

The base case assessment for the eastern stock indicates that the biomass in the middle 
of 1994 will be 27% larger than B, which is estimated to be 624 000 t. The estimates of 
B,, B,,, and B,, I B, for this stock are determined less precisely than the 
corresponding estimates for the western stock The estimated mid-season biomass 
trajectory for this stock is shown in Figure 2(b). The biomass declines steadily 
throughout the period 1974 to 1990 (although never to the levels experienced by the 
western stock) and then increases markedly because of strong recruitment. 

Figure 3 contrasts the base case posterior distributions for B,, B,,, and B,, I B, with 
those obtained by leaving the abundance indices out of the likelihood function, but 
nevertheless ignoring historic projections in which the maximum exploitation rate is 
exceeded (acronym no data). For the western stock, the probability assigned to high 
values of B,, B,,, and B,, 1 B, by the base case assessment is markedly smaller than 
that assigned by the no data assessment. 

For the eastern stock, the major differences between the base case and no data posterior 
distributions occur at low values. The base case assessment assigns much less 
probability to low values for B,, B,,, and B,, I B, than the no data assessment. 

4.1.2 Sensitivity to the prior assumed for Bo 

The estimates of the three management related quantities are sensitive to the prior 
assumed for Bo (see Table 8 and Figure 4). For the western stock, reducing the 
maximum of the prior for Bo from 3 000 000 t to 2 000 000 t Ieads to lower estimates 
for Bo, B,,, and B,, I B, (by 17.5, 21.7, and 3.9% respectively). Increasing the 
maximum of this prior to 4 000 000 t increases the estimates of Bo, B,,, and B,, I B, 
by 6.8, 8.0, and 1.3% respectively. The corresponding percentages for the eastern stock 
are 36.5, 38.1, 2.4, 15.3, 18.1, and 0.2%. The results are less sensitive to increases to 
the maximum of the prior than to decreases, because there is relatively little probability 
associated with high biomass (Figure 4). 

Choosing a prior for Bo which is uniform in log terms leads to a slightly less optimistic 
appraisal (the estimates of Bo, B,,, and Bl, I Bo decrease by 5.3, 6.7, and 1.3% 
(western stock), and 11.1, 11.4 and 0.8% (eastern stock)). This result is perhaps not 
unexpected because the mean of the log prior is lower than that of the base case prior 
(1 224 000 t instead of 1 500 000 t for the western stock). Assuming a prior which is 
uniform on B,, I Bo rather than Bo leads to very similar estimates of Bo, and B,,. In 
this case, however, the standard enor of the posterior distribution for Bo is almost 
identical to the base case value. However, the standard deviations for the B,, and 
B,, I Bo distributions are larger. 



4.13 Other sensitivity tests 

The stock assessment results are insensitive to whether the natural mortality rates for 
males and females are drawn independently h m  their priors or are forced to differ by 
0.05yr-'. As noted in last year's assessment, the results do show some sensitivity to the 
value assumed for p, but this is small compared to the effect of changing the maximum 
for the prior on Bo. 

Previous assessments of the western stock (e.g., Bikitch et al. 1993, Punt et al. 1993) 
have examined the sensitivity of the stock assessment results to using one abundance 
index only when performing the analyses. The results in Table 8 are qualitatively 
identical to those reported before: using the catch rate data only leads to the least 
optimistic assessment, and the standard deviations increase when one data source only 
is used. It is noteworthy that the standard deviations of the posterior distributions are 
lowest when the acoustic data only are used. The results are insensitive to whether the 
trawl index data relate to 5+ or 6+ animals. 

Not surprisingly, the results are somewhat sensitive to changes to the prior assumed for 
the acoustic q. Increasing the median of this prior by 0.1 (24%) leads to reductions in 
the estimates of B,, B,,, and B,, / Bo of 4.3,7.6, and 3.9% for the western stock and 
8.3, 11.9, and 3.9% for the eastern stock. Decreasing the median of the acoustic q prior 
by 0.1 leads to increases to the estimates of B,, B,,, and B,, / B, of 5.5, 10.0, and 
3.9% (western stock) and 9.3, 14.3, and 4.5% (eastern stock). 

4.2 Decision analysis 

4.2.1 Base case results 

The performance indices for the base case stock assessments are shown in Table 9. For 
the western stock, none of the policies considered leads to estimates of stock risk larger 
than 2%. Only the most aggressive harvest policy considered (350A) leads to a fishery 
risk larger than 5%. For all the policies examined for the stock, the probability of the 
mid-season biomass in 1999 being larger than the corresponding biomass at which 
MSY is achieved (B,,) is close to one, and the ratio of this mid-season biomass to 
B, is substantially larger than unity. The time series of mean depletion for the seven 
policies for this stock are shown in Figure 5. The status quo policy (200s) is estimated 
to correspond to a large increase in biomass (and hence catch rate) whereas the most 
aggressive policy leads to a reduction in biomass by 1999. The time series of the mean 
proportion of the catch (by mass and by number) larger than 74 cm (see Figures 6 and 
7) suggest that this fraction will drop during 1995, but will subsequently recover to 
current levels irrespective of the harvest policy selected. 

The decision analysis results for the eastern stock are qualitatively similar to those for 
the western stock with the stock risk reaching only 5% for the most aggressive policy 
considered (350s). One difference between the results for this stock and those for the 
western stock is that the mid-season biomass in 1999 should be lower than the current 
biomass (which is not surprising given that the latter is larger than the unexploited 
equilibrium biomass). 



Table 10 presents the 90% confidence intervals for some of the performance indices. 
For the western stock, these intervals are extremely tight for fishery and stock risk and 
for P(Bfi > B,). On the other hand, the 90% interval for E(BF, / B,) is quite 
wide. Note, however, that the lower 5%-ile for E(Bfi 1 B,) is larger than unity for 
both harvest policies considered in Table '10. The 90% intervals for the eastern stock 
are wider than those for the western stock although, once again, the lower 5%-ile for 
E(Bm / B,) is larger than unity for both harvest policies. 

In order to assess the impact of the data on the decision analysis results, analyses were 
conducted using the results of the no data stock assessment. For the western stock, the 
estimates of risk and of P(B@ > BMn) were almost identical to those shown in Table 
9. The 90% confidence intervals for these estimates were again tight but slightly larger. 
The situation for the eastern stock is notably different. For example, the 90% interval 
for stock risk for the status quo policy for the no data assessment is [O, 0.271 compared 
to [O, 0.031 for the base case assessment. This is due to the effect of the data reducing 
markedly the probability that B,, / Bo is low (see Figure 3b). 

4.2.2. Sensitivity analyses 

Tables 11 and 12 present decision analysis results for the least and most aggressive 
policies (policies 200s and 350A for the western stock and policies 200s and 350s for 
the eastern stock) for the base case assessments and for a subset of the sensitivity tests. 

Qualitatively, the decision analysis results behave in a manner which mimics the stock 
assessment results in that the more optimistic stock assessments result in more 
optimistic decision analyses and vice versa. The results for the western stock (Table 1 1) 
will be considered first. In none of the sensitivity tests conducted for the status quo 
policy (200s) is fishery and stock risk greater than 0.0005. The results for policy 350A 
are, as might be expected, more sensitive. The sensitivity tests which raise the greatest 
concern from a resource conservation perspective are "k = 0.4" and "max B, - 2mt". 
The test in which a prior on B,, / Bo rather than on B, is assumed and in which the 
median of the acoustic q prior is increased by 0.1 also led to increased risk. The results 
for the two trials in which the medians of the future recruitment multipliers are varied 
from the base case values ("k = 0.4" and "k = 1") illustrate that the decision analysis 
results are fairly sensitive to this factor. Indeed, the test in which future recruitment is 
assumed to be poorer than in the base case leads to the least optimistic decision 
analysis. 

The decision analysis results for the eastern stock appear to be more sensitive to the 
changes to the specifications of the stock assessment than those for the western stock. 
While the results for the status quo policy (200s) are relatively insensitive to these 
changes, those for the 350s policy vary substantially between sensitivity tests. In 
contrast to the situation for the western stock, the decision analysis results are more 
sensitive to dropping the maximum assumed for the Bo prior than to assuming that 
future recruitment will be poorer than is assumed by the base case analysis. However, it 
should be borne in mind, that the sensitivity to the maximum of the B, prior is 
examined for the eastern stock using a more extreme change. The effects of increasing 
the median of the acoustic q prior appear larger for this stock. 



5. A MULTIPLEISTOCK ASSESSMENT PROCEDURE FOR HOKI 

Punt (1993) developed an approach which can be used to perform multiple-stock-with- 
mixing stock assessments, and applied it to the Chatham Rise orange roughy resource 
to test the sensitivity of the stock assessment results to alternative hypotheses 
concerning stock structure. This approach cannot be applied directly to hoki because the 
spatial distribution of hoki is agedependent. Appendix V describes an extension of the 
model of Punt (1993) which allows for sex structure and for the possibility of age- 
dependent spatial distribution patterns. At present, this approach cannot be applied 
because data are not available on movement rates. 
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Table 1 : 

14 

The values of the model parameters used in the base case assessments 
(source, Sullivan & Cordue 1994) 

- 

Parameter 

w-'1 
Steepness - h 

Fraction spawning - p (96) 
L, (cm) 
K w') 
to w )  

e, (gm cm-3) 
e2 
or 

plus-group - m (yr) 
Gi, 
9 's 

max catch 1 biomass - q, 

Male 

U[0.25,0.35] 
See Figure l(a) 

N/ A 
102.8 
0.199 
-1.01 
0.006 
2.85 

See Figure 1 (b) 
20 

Equation 1.12 
See Section 2.1.1.4 

0.8 

Female 

U[0.2,0.3] 
See Figure l(a) 

70 
112.0 
0.172 
-1.13 
0.006 
2.85 

See Figure 1 (b) 
20 

Equation 1.12 
See Section 2.1.1.4 

0.8 

Table 2 : Estimates of vulnerability- and maturity-at-age used in the base case 
assessments (source, Sullivan & Cordue 1994). Note that the fraction of 
the population which actually spawns in any year is assumed to be less 
than the total number of mature animals (see Table 1) 

Vulnerability 
Males Females 

0 0 
0 0 

0.1 0 
0.4 0.1 
1 0.4 
1 1 

Age 

1 
2 
3 
4 
5 

6+ 

Relative maturity 
Females 

0 
0 
0 

0.1 
0.4 
1 
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Table 3 : The mean recruitment multipliers (R,, - see Equation 1.3) and the 
standard deviations of the logarithms of the multiplicative fluctuations of 
births (a,, - see Equation 1.3). The base case value for k is 0.7. The 
sensitivity of the decision analysis results to values for k of 0.4 and 1 is 
examined (source, Sullivan & Cordue 1994) 

Year 

1971-1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993+ 

Western stock Eastern stock 
Multiplier 

1 
0.16 
0.38 
3.54 
2.03 
0.16 
0.5k 
5.0k 
2.5k 
1 

Multiplier 
1 
1 
0.1 . 

2.5 
4.5 
1 

0.5k 
5.0k 
2.5k 
1 

%Y 

See Figure l(b) 
0.2 
0.2 
0.2 
0.4 
0.5 
0.5 
0.5 
0.55 

See Figure l(b) 

GrJ 

See Figure 1 (b 
See Figure 1 (b 

0.2 
0.2 
0.4 

See Figure 1 (b 
0.5 
0.5 
0.55 

See Figure 1 (b 
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Table 4: The maximum likelihood estimates of steepness (h) and the extent of 
recruitment variability (or) for the gadoid stocks listed in Myers et al. (in 
press) for which complete information (see text for details) is available. 
The number of stock and recruitment data points for each stock are given 
in the column n, while the column SD contains the standard deviations 
of the likelihood profdes for h 

Stock 

Blue whiting (Micromesistius poutassou) 
Northern ICES 
Southern ICES 

Whiting (Merlangius merlangus) 
North Sea 
ICES VIa 

Walleye pollock (Theragra cfrcllcogramma) 
Eastern Bering Sea 
Gulf of Alaska 

Cod (Gadus morhua) 
NAFO 1 
NAFO 2J3KL 
NAFO 3Pn4RS 
NAFO 3Ps 
NAFO 4TVn 
NAFO 4VsW 
NAFO 4X 
NAFO 5Y 
NAFO 5z 
Baltic Areas 22-24 
Baltic Areas 25-32 
Celtic Sea 
Faroe Plateau 
Iceland 
Irish Sea 

-gat 
North East Arctic 
North Sea 
Skaggerak 
ICES VIa 



(Table 4 Continued) 

-- 

Stock 

Haddock (Melanogrmmus aeglefinus) 
NAFO 4TVW 
NAFO 4X 
NAFO 5Z 
Faroe Plateau 
Iceland 
North East Arctic 
North Sea 
ICES VIa 

Pollock or saithe (Pollachius virens) 
Faroe 
Iceland 
North East Arctic 
North Sea 
Saithe ICES VI 

Pacific hake (Merluccius productus) 
West coast US and Canada 

European hakc (Merluccius rnerlucciu: 
Hake ICES VIIIc, Ma 

Cape hake 
(Merluccius capensis / M. paradoxus) 
ICSEAF 1.6 

Silver hake (Merluccius bilinearis) 
NAFO 4VWX 
NAFO 5Ze 
Mid Atlantic Bight 



Table 5 : The catch-by-mass data The catch for each year is broken down into that 
taken before the spawning season (c;) and that taken during the 

spawning season (c;). For the western stock, the estimates of the 
proportion of the spawner biomass outside the 25 nautical mile fishing 
boundary are also given. Results are shown in subtable (a) for the 
western stock and in subtable (b) for the eastern stock (source, Sullivan 
& Cordue 1994). Units are '000 tomes 

Year 

197 1 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
198 1 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 

Catch 
(pre-spawning) 



(Table 5 Continued) 

(b) Easten 

Year 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
198 1 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 

* assumed 

lock 
Catch 

(pre-spawning) 
0 
3 
3 
5 
28 
28 
29 
2 
5 
6 
6 
5 
8 
8 
8 
13 
13 
11 
5 
10 
10 
33 
39 
34* - 

Catch 
(spawning) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
7 
14 
27 
27 
23 
25* 
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Table 6 : Indices of relative abundance and their associated (assumed) CVs used 
in the assessments. Results are shown in subtable (a) for the western 
stock and in subtable (b) for the eastern stock (source, Sullivan & 
Cordue 1994) 

'a) Western stock 

Year 
1987 

Acc 
Index 

- 
274 
171 
160 
259 
218 
383 

stic 
CV 
- 

0.3 1 
0.24 
0.22 
0.27 
0.3 1 
0.22 

CI 
Index 
1.35 
1.00 
0.64 
0.53 
0.50 
0.61 
0.67 

Trawl 
Index 

- 
- 
- 
- 

1.00 
1.57 
1.91 

(a) Eastern stock 

Table 7 : The harvest policies considered in the analyses of this document. 

7- 

Year 

Policies with &ronyms ending in 'S' involve splitting any increase in 
TACC equally between the two stocks whereas policies with acronyms 
ending in 'A* involve allocating all of any increase to the western stock. 
TACC units are '000 tomes 

Acoustic CPUE Trawl survey 
Index ( CV Index I CV Index I CV 

Western stock Eastern stock 
Re-spawning Spawning Pre-spawning Spawning 

35 105 35 25 
Acronym 

200 S 
250 S 
300 S 
350 S 
250 A 
300 A 
350 A 

TACC 
200 
250 
300 
350 
250 
300 
350 



Table 8 : Estimates of means and standard deviations (in parentheses) of the 
posterior distributions of $, B,,, and B,, / Bo (%) for the base case 
stock assessments and for the sensitivity tests. The 90% limits of the 
posterior distributions are given for the base case assessments in square 
brackets. Units are '000 tomes 

I) Western stock 
Ao~lication 

Base case 

k = 0.4 
k =  1 

"Alternative" base case 

Prior - 
Bo - U[600 000; 2 000 000 t] 

Prior - 
23, - U[600 000,4 000 000 t] 

Prior - tn Bo - 
U[tn(600000 t); tn(3 000000 t)] 

Prior on B,, / Bo 

Trawl index age 6+ 
Catch rate data only 
Acoustic data only 

Trawl data only 
~ A C  -) ~ A C  

~ A C  -) ~ A C  + 



(Table 8 Continued) 

)) Eastern stock 
Application 

Base case 

k = 0.4 
k =  1 

"Alternative" base case 

Prior - 
B, - U[50 000,500 000 t] 

Prior - 
Bo - U[50 000,1500 000 t] 

Prior - en B, - 
U[ln(50 000 t), ln(1 000 000 t)] 

Prior on B,, 1 Bo 

Trawl index age 6+ 
Catch rate data only 
Acoustic data only 

Trawl data only 
~ A C  ~ A C  

~ A C  ~ A C  



Table 9 : Performance indices for the base case stock assessments. The acronyms 
for the performance indices are defined in Appendix IV and for the 
harvest policies in Table 7. Biomass and catch units are '000 tomes 

Statistic 

Western stock 
E(B95 ) 

Risk (stock) 
Risk (fishery) 

E(Catch) 
E(B,, I$)' 
E(B,, 1 $I2 

E(BJn 1 B m  ) 
P(Bfin > BMY) 

~ ( l ~ t + 1 -  ct I) 
Catch Loss 

Eastern stock 
E(B95 ) 

Risk (stock) 
Risk (fishery) 

E(Catch) 
E(B,, 
E(B,, 1 $I2 

E(Bfin 1 BMSY 
P(B@ > B,,) 

&+I- 4) 
Catch Loss 



Table 10 : 90% intervals (see Section 2.1.3) for the performance indices for the 
base case stock assessments. The acronyms for the performance indices 
are defined in Appendix IV and for the harvest policies in Table 7. 
Biomass and catch units are '000 tomes 

pp - 

Statistic 

Western stock 
E(B9,) 

Risk (stock) 
Risk (fishery) 
E(B, I$)' 

E(Bm 1 B,,) 
P(B@ > B,,) 

Eastern stock 
E(B,) 

Risk (stock) 
Risk (fishery) 
E(B, 1 4 ) '  

E(Bm 1 B,,) 
p(Bfi > B,$fsy ) 

Harvest pol 
200 S 

y acronym 
300 S 
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Table 11 : Sensitivity of the performance indices for the western stock. The 
acronyms for the pekormance indices are defined in Appendix IV and 
for the harvest policies in Table 7. Biomass and catch units are '000 
tomes 

Statistic 
E(B,) 

Risk (stock) 
Risk (fishery) 

E(Catch) 
E(B, I$)' 
E(B, 1 $12 

E(BM 1 BMS, 
P(Bfin > BMSY) 

Catch Loss 

Statistic 
E(B, 

Risk (stock) 
Risk (fishery) 

E(Catch) 
E(B, /$)' 
E(B, 

E(Bfin 1 BMSY ) 
P(Bm > B,,) 

E(Ic,+, - ct I) 
Catch Loss 

'Alternative" BC 
1 - 
max E - 
200 S - 
2 271 
0.000 
0.000 
140 
0.716 

- 
6.629 
0.999 
0 

0 - 



-- 

Application acronym 
Rior on B,,  I ~4 ~ A C  -+ ~ A C  -0.1 1 ~ A C  + 



Table 12 : Sensitivity of the performance indices for the eastern stock. The 
acronyms for the performance indices are defined in Appendix IV and 
for the harvest policies in Table 7. Biomass and catch units are '000 
tonnes 

Statistic 
E(B, ) 

Statistic 
W,) 

A - 
ive" BC - 
350 S - 
1 026 
0.049 
0.022 
105 
0.769 
0.098 
4.350 
0.954 
0 

-15 - 

. . - 
200 S - 
1 loo 
0.00 1 
0.000 
60 
1.164 
0.127 
9.677 
0.999 
0 

-7 - 

Application acronl 
max B, - 
200 S - 
703 
0.01 1 
0.004 
60 
0.889 
0.121 
6.55 1 
0.988 
0 

-8 - 



Statistic 
E(B,) 

Risk (stock) 
Risk (fishery) 

E(Catch) 
E(B,  1 Boll 
E(B,  1 BOl2 
Wfi 1 B,,) 
P(Bfi  > B,,) 

Catch Loss 

'rior on B,,  / B, 

L 
plication acrony '11 

l- 



Appendix I : The population dynamics model 

The model specified in this Appendix is age- and sex-structured, relates recruitment to 
spawner biomass by means of the Beverton-Holt stock-recruitment relationship, and 
allows for stochastic recruitment. 

A. Resource dynamics 
The dynamics of animals of sex s, aged 2 and over, are governed by the equation 

-Ma N;,, = e { N L , ~ - ~  (1- p F,)+u;,-,T: 1 2 s a c m  

U;14 = e-"'~; , - ,  (1 -7 :) 2 1 a c m  (1.1) 

-(M~+F,) N;,, = e ( y f l  + N;& )(I- P F,) a = m  

where N;,, 

B. Births 

is the number of recruited animals of age a and sex s at the start of year 

Y 9 

is the number of unrecruited animals of age a and sex s at the start of 

Year Y, 
is the proportion of unrecruited animals of age a-1 and sex s which 
recruit at age a: 

is the fraction of animals of age a and sex s which would be 
recruited if the population was at its deterministic unexploited 
equilibrium level, 
is the instantaneous rate of natural mortality on animals of sex s, 
is the fishing mortality during year y which results from the catches 
before the spawning season (all recruited animals are assumed to be 
equally vulnerable to fishing), 
is the exploitation rate during the spawning season of year y, 

is the proportion of the mid-season mature biomass that spawn each 
year, and 
is the maximum (lumped) age-class (all animals in this and the 
previous age-class are recruited and mature). 

where B: is the biomass of females which spawns during year y: 



is the mass of a fish of sex s and age a (assumed to be constant 
throughout the year): 

is the recruitment residual for year y (E, - N(O,G,?, ) ), 

is the recruitment multiplier for year y, 
is the standard deviation of the logarithm of the multiplicative 

fluctuations in births for year y, and 
are the stock-recruitment function parameters. 

C. Initial conditions 
Were there no fluctuations in recruitment, the resource would be assumed to be at its 
unexploited equilibrium level, with the corresponding age-structure, at the start of 
exploitation (year y1). Instead, because of historic recruitment fluctuations, the sizes of 
the cohorts at the start of year yl  are drawn from distributions that allow for this 
fluctuation, and the initial biomass is thus similarly distributed about the corresponding 
deterministic equilibrium level. The initial numbers-at-age are given by the equations: 

where R, is the number of 1-year-olds at the deterministic equilibrium that corresponds 
to an absence of harvesting and E, is a random variable from N(0.o;). A value for Rl 
is calculated from the value for the mid-season virgin biomass, B,, using the equation: 

Note that the equation for the plus-group does not incorporate a recruitment variability 
term because this group comprises a large number of age-classes which will largely 
damp out this effect. Values for the stock-recruitment function parameters a and P are 
calculated from the values of Rl and the "steepness" of the stock-recruit relationship 
(h). The "steepness" is the fraction of R, to be expected (in the absence of recruitment 
variability) when the mature biomass is reduced to 20% of its pristine level (Francis 
1992), so that: 



D. Catches 
The exploitation rate during the spawning season of year y, 4,  is calculated using the 

equation: 

where C: is the spawning-season catch during year y. 

The fishing mortality during year y which results from catches before the spawning 
season, 6 ,  is obtained by solving the equation: 

where C: is the catch taken during year y before the spawning season. 

Cordue et al. (1992) defined the maximum possible exploitation rate for west coast 
hoki during the spawning season by means of the equation: 

where F ,  is the average proportion of the spawner biomass in the open area in year 

j,  and 
q is the maximum catch to spawner biomass ratio (i.e. set for c=l). 

The base case maximum pre-spawning fishing mortality, F:,, is taken to be 0.8 for the 
western stock and to be 0.6 for the eastern stock. 

E. Data series 
The acoustic data are assumed to be proportional to the mid-season spawner biomass: 

(I. 12) 

The trawl s w e y  data are assumed to be proportional to the biomass of all 5+ fish at the 
end of the year (the sensitivity of the results to using trawl survey data for fish aged 6 
and older is also examined). The catch rate data are assumed to be proportional to the 
product of the annual proportion outside the 25 nautical mile limit and the mid-season 
spawner biomass (i.e., Fy B t  ). 



F. The mid-season exploitable biomass 
The exploitable biomass in the middle of the spawning season consists of contributions 
from the fsh which went to spawn (and are subject to further fishing mortality) and 
from the fish which did not go to spawn: 

(I. 13) 

Appendix 11 : The likelihood function 

All series of abundance indices are treated as being normally distributed about their 
expected values with a constant (and known) coefficient of variation, i.e., 

where 0; is thefth value of the r'th series, 

qi  is the constant of proportionality for the I'th series, 

E; is the model estimate of the quantity corresponding to 0; (e.g. the rnid- 
season spawner biomass for the acoustic indices), and 

c; is the coefficient of variation for thefth index of series i. 

Francis et al. (1992) showed that the contribution of index i to the log-likelihood is 

where ni is the number of data points for abundance index series i. 



Appendix XU : Constructing an informative prior distribution for the constant of 
proportionality which relates the acoustic indices to model estimates of the 

biomass which migrates to spawn off the west coast of the South Island 

The size of the constant of proportionality which relates the acoustic abundance indices 
to the size of spawning population off the west coast of the South Island depends on 
several factors. A number of these are identified and distributions assigned to them. A 
Monte Carlo exercise is then carried out to construct the distribution of the constant of 
proportionality. The 10 factors and their distributions are as follows (the term for each 
factor is given in parentheses). 

The error associated with the mean target strength of hoki - lognormal with 
mean 1 and CV40% (factor t). 
The error in the proportion of the population represented by the plateau height - 
uniform from 0.45 to 0.75 (factor p). 
The target species identification error - the fraction of the marks subject to this 
uncertainty is uniform between 10% and 40% (factor TI), and it is assumed that 
the identification error associated with these marks is lognormal with mean 1 
and CV 40% (factor T) 
The enor due to bottom shadowing - lognormal with mean 1 and CV 5% (factor 
b). 
The acoustic calibration error (incorporating the effects of error in the beam 
angle, problems with the tow cable, etc.) - lognormal with mean 1 and CV 15% 
(actually the size of this error drops over time, but for simplicity this 
complication is ignored) (factor c). 
The error due to incorrect estimation of the proportion that goes to spawn - a 
distribution which has 20% of its probability between 0.5 and 0.6,60% between 
0.6 and 0.7, 15% between 0.7 and 0.75, and 5% between 0.75 and 1. The 
distribution across these intervals is taken to be uniform (factor s). 
The fraction of the population which spawns at Puysegur rather than spawning 
off the WCSI - uniform from 4 to 6% (factor P). 
The deep water correction factor - uniform from 0 to 10% (factor d). 
The error due to variation in target strength due to size- and age-composition 
changes - lognormal with mean 1 and CV 5% (factor a). 
The error due to sampling variability (which essentially affects the reliability of 
the estimates listed above) - lognormal with mean 1 and CV 15% (factor y). 

If values are generated from each of the 10 distributions described above, a value for 
the constant of proportionality can be calculated using the equation: 

The prior for the constant of proportionality between the acoustic abundance indices for 
the Cook Strait and the size of the spawning population off the east coast of New 
Zealand is that same as that for the west coast except that factor "d" is not applicable 
and the CV for factor "b" is 0.15. 



Appendix I '  : The performance indices 

The ten performance indices computed from the posterior distributions are as follows. 

Risk (stock) 

Risk (fishery) 

Catch Loss 

the mean of the biomass of mature fish at the start of the 1995 
season (i.e., Y,w: N,, ) 

a s 

the probability that (i.e., the proportion of projections in which) 
the mid-season biomass of mature fish drops below 20% of $ 
some time over the projection period 1994 to 1999. 
the probability that the catch drops below 80% of the TACC 
some time over the projection period. 
the mean average annual catch over the period 1995 to 1999. - 

the mean value of the lowest depletion (mid-season) during the 
projection period 
the mean value of the lowest depletion (mid-season) during the 
projection period when the mid-season biomass drops below 
0.2 B, . 
the mean of the ratio of the mid-season biomass at the end of the 
projection period to the mid-season biomass corresponding to 
MSY (note that B,, differs from projection to projection 
because M changes from projection to projection). 
the probability that the mid-season biomass at the end of the 
projection period is larger than the mid-season biomass at which 
MSY is achieved. 

the mean average change in catch over the period 1995 to 1999. 
the mean size of a drop in catch given that there is a drop in 
catch. 
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Appendix V : The population dynamics model 

This model is age- and sex-structured, relates recruitment to spawner biomass by means 
of the Beverton-Holt stock-recruitment relationship, allows for stochastic recruitment, 
and takes account of the effects of multiple stocks which mix. 

A. Resource dynamics 
The dynamics of animals of stock k, sex s, and age 1 and over, are governed by the 
equation 

where N$ is the number of recruited animals of age a and sex s in stock k at the 
start of year y, 
is the number of wecruited animals of age a and sex s in stock k at the 
start of year y, 
is the proportion of unrecruited animals of age a-1 and sex s in stock k 
which recruit at age a 

is the fraction of animals of age a and sex s in stock k which would 
be recruited if the population was at its deterministic unexploited 
equilibrium level, 
is the instantaneous rate of natural mortality on animals of sex s, 
is the fishing mortality on recruited animals in area A which results from 
the catches during year y before the spawning season, 
is the exploitation rate on animals of stock k and age a, during the 
spawning season of year y, 
is the proportion of the mid-season mature biomass of stock k that spawn 
each year, 
is the fmtion of recruited animals of age a in stock k which is found in 
area A before the spawning season. The matrix W is referred to as a catch 
mixing matrix, and 
is the maximum (lumped) ageclass (all animals in this and the 
previous ageclass are recruited - the catch and sighting mixing matrices 
are assumed to be the same for ageclasses m and m-1). 



B. Births 

where is the biomass of females from stock k which spawns during year y: 

w is the mass of a fish of sex s and age a from stock k (assumed to be 
constant throughout the year): 

E: is the recruitment residual for stock k and year y (a: - N(Q (q!,)')), 

R: is the recruitment multiplier for stock k and year y, 

is the standard deviation of the logarithm of the multiplicative 0 r . y  

fluctuations in births for stock k and year y, and 
k k  a , are the stock-recruitment function parameters for stock k. 

C. Initial conditions 
Were there no fluctuations in recruitment, the resource would be assumed to be at its 
unexploited equilibrium level, with the corresponding age-structure, at the start of 
exploitation (year y1). Instead, because of historic recruitment fluctuations, the sizes of 
the cohorts at the start of year yl are drawn from distributions that allow for this 
fluctuation, and the initial biomass is thus similarly distributed about the corresponding 
deterministic equilibrium level. The initial numbers-at-age are given by the equations: 

where @ is the number of 0-year-olds in stock k at the deterministic equilibrium that 
cornsponds to an absence of harvesting. E, is a random variable from ~(0.o:). A 
value for @ is calculated from the value for the mid-season virgin biomass of stock k, 
g, using the equation: 



Note that the equation for the plus-group does not incorporate a recruitment variability 
tern because this group comprises a large number of age-classes which will largely 
damp out this effect. Values for the stock-recruitment function parameters a' and Dk 
are calculated from the values of @ and the "steepness" of the stock-recruit 
relationship (h). The "steepness" is the fraction of @ to be expected (in the absence of 
recruitment variability) when the mature biomass is reduced to 20% of its pristine level 
(Francis 1992), so that: 

D. Catches 
The exploitation rate on animals of age a in stock k during the spawning season of year 
y, Z$, is calculated using the equation: 

where c:;: is the spawning-season catch (in mass) from area A during year y of 
animals of age a and stock k: 

/ \ 

(V. 10) 

C; is the spawning-season catch (in mass) for area A and year y, and 

V,'" is the fraction of recruited animals of age a and stock k which is found in 
area A during the spawning season. The matrix V is referred to as a catch 
mixing matrix. 

The fishing mortality on recruited animals in area A during year y which results from 
the catches before the spawning season, T ,  is obtained by solving the equation: 

(V. 1 1) 
k r a  Y 

where C? is the catch taken during year y before the spawning season, in area A. 



The maximum possible exploitation rate during the spawning season, F: , is given by 
equation: 

(V. 12) 

when 5; is the average proportion of the spawner biomass of stock k in the open 

area in year j, and 
cpk is the maximum catch to spawner biomass ratio for stock k (i.e. set for 

-k p,=l). 



Prior dismbutions for (a) the steepness of the stock-recruitment 
relationship (h), and (b) the extent of recruitment variability (a,). 



Year 

Expexted (i.e.. the mwn of the posterior distribution) depletion 
(depletion is the biomass as a percentage of the virgin biomass) time- 
series obtained from the base case assessment for the (a) western stock 
and (b) eastern stock. 



Figure 3 : Posterior probability distributions for (i) B,, (i) B,-, and (i) B , ,  I Bo 
for the base case assessments and for assessments which @on the 
abundance index infordon: (a) western stock, (b) eastern stock 



Figure 3 : Posterior probability distributions for (i) B,, (ii) B,,, and (iii) B,,  / B, 
for the base case assessments and for assessments which ignore the 
abundance index information: (a) western stock, (b) eastern stock. 



Rgun 4 : Posterior probability distributiom for (i) B,, (ii) B,,, and (iii) B,, I B, 
for the base case assessments and for assessments which examine the 
sensitivity of the stock assessment results to prior assumed for B,: (a) 
western stock, (b) eastern stock 
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Figure 4 : Posterior probability distributions for (i) B,, (ii) B l m ,  and (iii) B l m  1 B, 
for the base case assessments and for assessments which examine the 
sensitivity of the stock assessment results to prior assumed for B,: (a) 
western stock, (b) eastern stock. 
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Figure 5 : Estimates of the mid-year biomass as a fraction of its average pristine 
level for the harvesting policies considered: upper panel, western stock; 
lower panel, eastern stock. 
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Figure 6 : Estimates of the proportion of the catch (by mass) over 74 cm for the 
harvesting policies considered: upper pmei, western stock; lower panel, 
eastern stock 



Year 

Estimates of the proportion of the catch (by number) over 74 cm for the 
harvesting policies considered: upper panel, western stock; lower panel, 
eastcm stock. 


