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EXECUTIVE SUMMARY 

Cordue, P.L. (2001). MJAEL estimation of biomass and fshery indicators for the 2001 
assessment of hoki stocks. 

New Zealand Fisheries Assessment Report 2001/65.59 p. 

The method used in the 2001 hoki assessment to estimate biomass, yields, and stock risk for the 
eastern and western stocks is described. The method uses a two-stock population model and an 
estimation method which is very similar to that used in the 1999 assessment. A retrospective 
analysis is also described, where the effects of successively including new data are examined for. 
assessment years from 1997 to 2001. 

Data from a wide variety of sources are used, including early trawl survey data collected on 
Shinkai M m  and Amaltal Explorer. In all, data from 20 different sources are used, with 17 
sources having age and sex specific data. The data are from five areas and span the years from 
1982 to 2001. 

An optimised estimation method is used. In a stock reduction setting estimators are constructed 
which have Minimum Integrated Average Expected Loss (MIAEL). MIAEL estimates are 
presented with an associated 99% ccconfidence" interval. The intervals are derived from MIAEL 
frequency distributions which describe the uncertainty of the MIAEL estimate. The MLUL 
estimators are best p estimators based on least squares estimators which incorporate various 
penalty functions. 

A basecase run and five sensitivity m s  were chosen for MIAEL estimation after numerous 
preliminary runs were done to the least squares stage. The basecase used all of the available data 
excluding the WCSI CPUE time series. In the CPUE run all data were used except for the WCSI 
and Cook Strait acoustic time series. Other sensitivities used higher and lower values of natural 
mortality, an "intermediate" model structure, and excluded a penalty function which encouraged 
the Tmgaroa and Shinkui Manr proportionality constants to be more similar than in the basecase. 

The virgin biomass of the eastern stock was estimated to be have been 20-30% of the total virgin 
biomass. In recent years there has been a reduction in the proportion of catch taken from the 
eastern stock. However, in relation to their virgin stock sizes there is still too much catch being 
taken fiom the eastern stock. Certainly, the current distribution of catches is not optimal in terms 
of an MCY or CAY strategy. 

The basecase run suggests that current biomass is at about the level of B M ~ Y  (interpreted as BmY 
in this assessment) for the western stock, but it is below BmY for the eastern stock. For both 
stocks, it also suggests that the current level of catches cannot be sustained over the next five 
years without considerable risk of the mid-spawning season biomass going below 20%Bo. More 
pessimistic or more optimistic scenarios can be constructed depending on the model assumptions 
made. 



I. INTRODUCTION 

This document details the methods used and the results of the 2001 hoki stock assessment by 
M A .  This work was done as part of Ministry of Fisheries Project HOK2000/01 to fblfil 
objective 2: "To update the stock assessment of hoki in the year 2001, including estimates of 
biomass, risk, and yields". A summary of the method and results was given by Ballara et al. (in 
press). The overall approach is very similar to that used in the 1999 assessment (Cordue 2000a). 
The two main differences are the use of an additional penalty function (which constrained the 
difference between the Tangaroa and Shinkai Maru proportionality constants) and a different 
presentation of the MIAEL estimates. Also, in the 2001 assessment a detailed retrospective 
analysis was done. 

2. METHODS 

2.1 Introduction 

The spatially disaggregated two-stock hoki model was used in the hoki stock assessment as in 
1998 and 1999. The model is a component of an approach which has been refined over the last 
few years. The approach has three major components, the population model, the data inputs, and 
the estimation procedure. The population model is used to generate predicted values for any 
given set of parameters. The unknown parameters of the model (e.g., virgin biomass, year class 
strengths, etc.) are estimated by a modified least squares fitting procedure: the estimates are those 
parameters which produce predicted values which "best" fit the observations (conditioned by an 
estimator performance criterion). 

2.2 Population model 

The population model is a two-stock adaptation of a succession of deterministic two-sex age- 
structured hoki models (Cordue et al. 1992, Cordue 1993, 1994, 1995). The earlier models were 
successive refinements of that of Mace & Doonan (1988). The two-stock model is specifically 
designed for the hoki stocks and the available data. It has a multi-stage annual cycle 
incorporating a two-stage pre-spawning season and a two-stage spawning season. Six areas are 
defmed: eastern and western spawning grounds, the western home ground; the nursery, which is 
also the eastern home ground; and two "corridors" which are used to move fish between 
spawning grounds and the nursery (Figure 1). Each stock is assumed to have a Beverton-Holt 
spawning-biomass to recruitment relationship. Unknown parameters in the model include the 
virgin spawning biomass (Bo) of each spawning ground, the year class strengths of the cohorts 
spawned in each ground, stock fidelity parameters, and various migration parameters. 

The pre-spawning season is split into two periods so that various March-April-May data can be 
used. During the March-May period hoki migrate h m  the Chatham Rise (nominally the nursery 
and eastern home ground) to the Sub-Antarctic (nominally the western home ground), and also 
fiom the Sub-Antarctic to WCSI (the western spawning ground). In the model, at the end of the 
first pre-spawning season period, a first wave occurs for the western spawning migration (Sub- 
Antarctic to WCSI). Similarly, the home migration (Chatharn Rise to Sub-Antarctic) is split into 
two waves, with the first occurring at the end of the first pre-spawning season period. The second 
(final) waves of these migrations occur at the end of the pre-spawning season. 

The model structure is unchanged fiom that used in the 1999 assessment (Cordue 2000a) except 
for an option of changing the point in the annual cycle when immature fish can become mature 
f ~ h .  In the 1999 formulation this could happen only at the start of the fishing year, before the 
migrations fiom the nursery ground to the western home ground. An option was added for the 
2001 assessment whereby maturation could be moved to a point after the first nursery-western 



home wave, but before the first spawning wave. This enables western fish to move fiom the 
nursery ground to their home ground, mature, and spawn all in the same year. 

Another model of "intermediate" complexity was used in a preliminary run and one of the final 
sensitivity tests. This was implemented as a special case of the six-area model, but it was 
effectively a four-area model as fish were not held in the migration corridors. It had no stock 
recruit-relationships and fish were effectively present only in the population from age 2 years. 
Two variations of the model were used. In the preliminary run, the maturity proportions (at each 
age and sex) were not allowed to vary across years. In the final sensitivity run the proportions 
mafuring at age and sex were held constant across years (as for all other model runs). In the latter 
case, the proportion of mature fish (at each age and sex) is not constant across years; it changes. 
depending on the catches removed fiom spawning and non-spawning fish. 

The model parameters and equations are given in Appendix 1. 

2.3 Data inputs 

Various data inputs were used in the model including many biological parameters which have 
already been estimated (Ballara et al. 1997). Other biological parameters, generally associated 
with migrations, were estimated using the model (in the fust step of a two-stage estimation 
procedure)(see below). 

Before Tungaroa was available there were many bottom trawl surveys of the Chatham Rise and 
Sub-Antarctic by other vessels. Before the 1998 assessment these data were not used in the 
formal assessment because they could not easily be incorporated into spatially aggregated single- 
stock models. The Chatham Rise data are particularly problematic for single stock models 
because of the mixing of eastern and western fish on the Rise. With the introduction of the two- 
stock model the trawl survey data for earlier years were incorporated into the assessment. In 
addition, the estimated proportions of maturing females at age on the Sub-Antarctic in April-May 
1992 (Livingston et al. 1997) and April 1998 were used in the initial least squares fitting 
procedure. (See Appendix 2 for all the data values.) 

2.4 Estimation method 

A MIAEL estimation procedure was used (Cordue 1998, 2000% 2000b, Appendix 3). MlAEL 
estimation is a general estimation method which was developed specifically for fisheries risk 
analysis. The idea behind the approach is that an optimal estimator should be used for any given 
estimation problem, rather than relying on the usual estimators which generally have only 
optimal asymptotic properties. A MIAEL estimator is usually determined by simulation: a class 
of estimators is searched for the one which has the best average performance for a given 
defmition of estimation loss. 

One of the components of MIAEL estimation is a natural measure of estimator performance. The 
"performance index" (PI) is a measure of the "information content" of the available indices or the 
reliability of the MIAEL estimates. A low performance index indicates that the estimated 
quantity is not well estimated within the range of possible values. Note, the range of possible 
values may be very restricted so the estimated quantity may be well known, but the observed 
data may not add significantly to its determination. However, PIS can sometimes be difficult to 
interpret and an alternative presentation of uncertainty has been developed for MIAEL estimates 
(Cordue 2000b) which is used in this report. It involves the construction of a MIAEL fkquency 
distribution. The MIAEL estimate is approximately at the mean of the distribution and the spread 
and shape of the distribution represent the certainty with which the quantity is estimated. The 
MIAEL diibutions have been used to construct two-sided 99% "confidence intervals". These 



intervals are not confidence intervals in the strict statistical sense, but their interpretation is 
similar. 

A two-stage MIAEL estimation procedure was used. In the first stage, least squares point 
estimates of many model parameters were made (Appendix 4). The parameters included the 
virgin biomasses, year class strengths, fishing selectivities, trawl survey vulnerabilities, and 

, 

maturity and migration parameters. In the second stage, MIAEL estimation was used with all 
parameters assumed equal to their point estimates fiom the first stage except for virgin biomasses, 
year class strengths, and trawl survey vulnerabilities (and relative abundance proportionality 
constants). At all stages, time series and indices within time series were assigned relative weights 
(across time series and within time series) and levels of precision as in the 1999 assessment 
(Cordue 2000a). 

2.5 Model inputs 

2.5.1 Catch history 

The catch history is an important model input, and this year, as in 1998 and 1999, the Chatham 
Rise catches were directly input into the model, rather than being somewhat arbitrarily split into 
catches fiom the eastern and western stocks (the assumed catch history by area is given in Table 
1). The catch history has been adjusted somewhat fiom that used in previous assessments. The 
main change was to move the problematic pre-spawning season catch taken in Cook Strait from 
the eastern stock spawning ground to the nursery ground. Except for the retrospective analysis, 
the model runs were done over the period of the catch history from 1972 to 2001 (with the stocks 
being in their virgin equilibrium state before 1972). 

Associated with the catch history are the model assumptions about the maximum possible 
exploitation rates. As in recent hoki stock assessments, these were assumed to be the same for 
both stocks: 80% in the spawning grounds (assuming all spawning fish are available to the fleet), 
and 60% in the home grounds. On the WCSI there is an area which is closed to most of the 
fishing fleet. The 80% assumption corresponds to a limit of 56% assuming that on average 59% 
of the spawning biomass is in the open area (see Cordue et al. 1992) 

2.5.2 Biological parameters 

Many of the biological parameters needed by the two-stock model are estimated in the first step 
of the estimation procedure. However, previously derived estimates were used for natural 
mortality, growth, the length-weight relationship, steepness (in the Beverton-Holt stock recruit 
relationship), and recruitment variability (Table 2). 

The two-stock model was constructed with the aim of using as much of the available data as 
possible. A description of a superset of the data used on all runs in the 2001 assessment is given 
in Table 3. The actual observations are given in Appendix 2. Data from five of the six model 
areas were used, with seven of the nine cycle points in the model represented, covering years 
fiom 1982 to 2001 inclusive. Where possible data have been split into age and sex specific 
categories (exceptions being the acoustic and CPUE time series). For some surveys, as in the 
1999 assessment, some age classes were excluded (see table 7 in Cordue 2000a). 

The data used in the 2001 assessment differ fiom that of the 1999 assessment in several respects. 
There are new data which were collected andlor processed since the 1999 assessment. This 



includes an acoustic survey of the WCSI in winter 2000. This survey had a major trawling 
component in the northern strata aimed at estimating the proportion of each species in an 
extensive "mixed species" layer (which had been observed in these strata in the 1997 survey). 
Data fiom the 2000 survey were used to adjust the results of the previous acoustic surveys. Also, 
the WCSI CPUE time series was constructed using different analysis methods fiom those used 
previously and the years fiom 1987 to 1989 were excluded @unn 2001). 

2.6 Estimation method 

A general description of the two-step MIAEL approach used has already been given in Section. 
2.4. In this section the details of the application of the method in the 2001 stock assessment are 
described. Appendix 3 provides technical details on best p MIAEL estimators and the formation 
of MlAEL lhquency distributions fiom which the 99% "confidence" intervals presented in this 
document were derived. Appendix 4 details the least squares estimator used in the two steps of 
the estimation procedure. For all MIAEL estimates in this document, bestp MIAEL estimators 
were used. For biomass estimates a proportional squared error loss function was used, and for the 
risk estimates and the eastern virgin biomass ratio, a squared error loss function was used (see 
Cordue 1995). 

The approach is very similar to that used in the 1999 assessment (Cordue 2000a). The same 
ageing error was applied to otolith derived data and the same c.v.s, equivalent sample sizes, and 
specified weights for time series were used. The bounds on trawl survey proportionality 
constants (Table 4) and the acoustic proportionality constants ([0.06,2.03]) from Cordue (1996) 
were also retained. 

2.6.1 Preliminary runs 

In a series of Hoki Working Group meetings in March and April 2001 the results of numerous 
least squares estimation runs were presented and discussed. The initial runs were centered on a 
"preliminary basecase" which used the same assumptions and approach as "Run 38' in the 1999 
assessment (Cordue 2000a). All of the data of Table 3, with the exception of the WCSI CPUE 
time series, were used and the WCSI male selectivities were adjusted as in the 1999 assessment 
(see Section 3.3 in Cordue 2000a). The retrospective analysis and the least squares fits presented 
in this document are for the "preliminary basecase" run. 

Also, a set of sensitivity runs for the "preliminary basecase" (Table 5) were used to decide on a 
final basecase and five sensitivty runs for which MIAEL estimates of biomass and risk were 
produced. 

2.6.2 Incorporation of penalty functions 

The least squares estimator was modified (on most runs) by imposing a variety of penalty 
functions (Appendix 4). The first two functions were the same as those used in 1998 and 1999: a 
penalty on year class strength estimates that did not average to 1 (for each stock) and a penalty on 
estimated proportionality constants that differed between area within "method" (i.e., for the two 
acoustics time series, and for trawl surveys of the Chatham Rise and Sub-Antarctic by the same 
vessel). The penalties were not severe enough to force the year class strengths to average to 1, or 
the proportionality constants to be equal, but they strongly encouraged these effects. 

Two additional penalty functions were added in 1999: a penalty on non-zero fourth differences 
for the fishing selectivities and the trawl survey vulnerabilities (this effectively imposes a cubic 
parameterisation on each selectivity or vulnerability, having a smoothing effect on them, and 



reducing the effective number of free parameters); and a penalty on female selectivities and 
vulnerabilities if greater than males at the same age (females should probably have less or equal 
vulnerability at age than males as they are larger on average). 

In 200 1, one further penalty fimction was added: a penalty on the Tangaroa and Shinkai Maru 
proportionality constants differing for the same area. This was not used in the "preliminary 
basecase" but was later adopted for the final basecase run. 

2.6.3 Retrospective analysis 

A retrospective analysis was done on the "preliminary basecase" run. This involved producing 
least squares estimates of biomass and year class strength when successive amounts of data were 
removed on an "annual basis": mimicking assessments in 2000, 1999, 1998, and 1997. The effect 
of removing individual data points fiom the 2001 assessment and of successively adding data 
points to the 2000 assessment was also determined. 

2.6.4 Choice of final basecase and sensitivity runs 

Numerous preliminary runs centred on the "preliminary basecase" were done to the least squares 
stage of the MIAEL procedure to explore sensitivities to the data inputs, penalty functions, and 
model assumptions. On the basis of a priori assumptions (and the lack of sensitivity in the least 
squares results to some model assumptions) a basecase run was chosen. This was characterised 
by the following features. 

6 All the data in Table 3 were used excluding the CPUE time series 
6 Full maturity was no later than age 7 years (before the spawning season) 
6 The maturation cycle point was after the iirst migration wave fiom the nursery to the western 

home, but before the first spawning wave 
6 Bell-shaped fishing selectivities and trawl survey vulnerabilities were used in the home 

grounds 
5 Full stock fidelity was assumed for both stocks 
6 All penalty functions were used. 

Five sensitivity runs were chosen for comparison of MIAEL estimates of biomass and risk: 

5 using the CPUE data set (excluding both acoustic time series) 
6 lower values of natural mortality male = 0.25, Female = 0.20) 
5 higher values of natural mortality (Male = 0.40, Female = 0.30) 
5 excluding the Tangaroa-Shinkai Mmu penalty function 
5 using the "intermediatey' model 

2.6.5 Estimation of migration, maturity, selectivity, and vulnerability parameters 

The first step of the MZAEL procedure was to estimate various parameters which were taken to 
be equal to their least squares estimates in the second step of the procedure. In all runs (excluding 
those in the retrospective analysis where fewer year class strengths were estimated) a least 
squares estimation was made of the following population model parameters. 

For both stocks: virgin biomass, YCS (1972 to 1998 inclusive), maturity ogive, home 
ground selectivities, and proportion spawning. 



For the western stock: the proportion of larvae that use the southern corridor, the 
migration ogive from the nursery ground to the western home, the proportion of fish 
which migrate to the home ground in the first wave, and the proportion of fish which go 
in the first spawning wave. 

For both corridors: the corridor migration ogives. 

At the same time, the various parameters associated with the data were estimated. 

Biomass indices: the proportionality constants (the biomass indices are all relative). 

Numbers at age and sex: a vessel and area specific proportionality constant, and an area 
specific vulnerability ogive. 

Hence, the three survey vessels (Tangaroa, Shinkai Maru, AmaItal Fxplorer) were allowed to 
have different fishing powers, but the relative vulnerability of hoki by age and sex was assumed - .- 
to be vessel independent. 

As in the 1998 and 1999 assessments, bounds were placed on most of the parameters, including 
the proportionality constants, so that realistic estimates would be obtained. The same bounds as 
used in the 1999 assessment were applied. 

The minimisation was achieved using the quasi-Newton function minimiser of NIWA's Betadiff 
libraries. 

2.6.6 MlAEL estimation of biomass, yields, and risk 

In each run, for each stock, MIAEL estimates were made of virgin biomass (Bo), current biomass 
(mid spawning-season biomass in 2001 as a percentage of virgin biomass: Bm,), and stock risk 
(the probability of the mid spawning-season biomass being below 20%B0 in the current year or 
any of the next five years) for a "status quo" catch policy. Also, the ratio of eastern virgin 
biomass to total virgin biomass was estimated. For the basecase and CPUE runs, estimates were 
also made of MCY, CAY, MAY, and the "2002 risk" (the probability of the mid spawning- 
season biomass in 2002 being below 20%Bo). The general approach in each case was the same: 
determine a lower and upper bound for the item being estimated; select vectors in the parameter 
space of the (operating) model which map into the given range; for each vector simulate multiple 
data sets and for each data set obtain a least squares estimate (of the item); using the simulated 
estimates search a class of estimators for the bestp estimator by determiniig the value ofp which 
minimises the (approximate) Integrated Average Expected Loss (IAEL). 

Obtaining bounds 

This was done using the same bootstrap method as in the 1999 assessment (Cordue 2000a), but 
instead of using the minimum and maximum of the bootstrap distribution for a particular item, 
the two-sided 99% confidence interval was used (as this is less sensitive to the number of 
bootstrap samples). 

As the first part of the second step of the MIAEL procedure, approximately 1000 simulated 
estimates of virgin biomass and YCS were obtained assuming that the least squares estimate 
(from the first step) was the true parameter vector. In these simulations, the unknown parameter 
set in the estimation model was reduced to the virgin biomasses, YCS, proportionality constants, 
and the trawl vulnerabilities. The other parameters were all set equal to their estimates fiom the 
first step. 



Bounds on virgin biomass were obtained directly %om the bootstrap distribution (using the 
appropriate projection function). For derived values, such as current biomass or CAY, the 
appropriate function was applied to each simulated parameter estimate to obtain a distribution 
(for the derived value) fiom which the 99% two-sided confidence interval was obtained. 

Estimation of Bo, B2001, stock risk, 2002 risk, virgin biomass ratio, and yields 

Each item of interest is a kc t ion  of the vector of true population model parameters (virgin 
biomass is obtained using a projection function). That is, given the true virgin biomasses and the 
YCS, then the true value of the item of interest can be determined (for yields some additional 
infomation is needed as there are numerous MCY and CAY strategies depending on the 
distribution of effort between areas - see below). There were two steps involved in the selection 
of operating model parameter vectors for these functions. The approach is the same as in the 
1999 assessment, except it was modified to reduce the amount of computer processing time 
required. 

The essentials of the 1999 procedure adopted in 2001 were as follows. First, 5000 operating 
model parameter vectors were generated fiom the bootstrap distribution (by sampling 
independently fiom each dimension) and for each vector the function value was determined 
(these are c'candidateyy function values, and each has an associated parameter vector). The range 
of the function (determined by applying the function to the original bootstrap distribution) was 
then split into 12 equal intervals and the number of candidate function values in each interval 
determined. The candidate function values in each interval were then sampled uniformly without 
replacement (by splitting the interval into sub-intervals and selecting values fiom within a sub- 
interval with probability inversely proportional to the number in the subinterval) until exactly 5 
function values (and their associated parameter vectors) had been selected from each interval. 
For each of the 60 parameter values, 150 simulated data sets were constructed (using the given 
error structures) and least squares estimates were obtained for each. The best p estimator was 
determined by calculating the value of p which minimised, within the best p class of candidate 
estimators, the average proportional mean squared error (for biomass) or the average mean 
squared error (for risk)(see Appendix 3). 

The time consuming part of this procedure (in computer time) is in obtaining the simulated least 
squares estimates. To save time, the above procedure was modified by enabling parameter 
vectors (and their associated 150 simulated least squares estimates) to be shared between 
different items. The above procedure was applied to eastern virgin biomass; then for western 
virgin biomass any of the already selected parameter vectors that could be used were identified 
(and subsampled if necessary) before more candidate vectors, if necessary, were selected to 
obtain the 5 vectors for each of the 12 intervals; the process continued for eastern current 
biomass, western current biomass, eastern 2002 risk, western 2002 risk, eastern stock risk, and 
western stock risk, respectively, until for each item there were exactly 5 function values (and 
parameter vectors) within each of their 12 intervals. For the eastern virgin biomass ratio and 
CAY, 12 equally sized intervals were also used, but instead of using only 5 points in each 
interval, all available parameter vectors and simulated estimates were used. 

Stock risk and 2002 risk were estimated for the "status quoyY catch policy: 60 000 t, 40 000 t, 
35 000 t, 115 000 t, for the eastern home and spawning grounds, and the western home and 
spawning grounds respectively. For a given parameter vector, stock risk and 2002 risk were 
calculated by doing 400 simulations, in each of which the population model was projected 
forward 5 years. The stock risk was then taken to be the proportion of times that the mid 
spawning-season biomass was below 20%Bo in the current year (2001) or any of the following 5 
years. The 2002 risk was taken to be the proportion of times that the 2002 mid-spawning season 
biomass was below 20%&. Stochastic recruitment was incorporated into the model starting at 



the 1998 cohort for which a recruitment variability of 0.5 was used. For the cohorts fiom 1999 
onwards the full recruitment variability of 1 was applied. 

2.6.7 Estimation of Maximum Constant Yield (MCY) 

MCY was calculated as a percentage of Bo using the two-stock model with the input biological 
parameters and the relevant least squares estimates of other parameters from the first step of the 
MIAEL procedure. The definition of Francis (1992) was followed, whereby MCY = pBo, where . 

p is determined so that yield is maximised subject to the constraint that mid-spawning season 
biomass (in either stock) does not go below 20%Bo more than 10% of the time. The yields 
depend on the distribution of catches across the four fishing areas (in the model). For the 
basecase and the CPUE run, the distribution of catches was assumed to be that implied by the 
"status quo" catch policy. Also, an alternative catch distribution was considered for the basecase, 
where catch was moved fiom the eastern stock to the western stock. 

MIAEL estimates of MCY were obtained fiom the MLAEL estimates of virgin biomass by 
applying the calculated percentage (this uses a proven invariance property for MIAEL estimates, 
see Cordue 1995). 

2.6.8 Estimation of Current Annual Yield (CAY) and Maximum Average Yield (MAY) 

There were two steps in the estimation of CAY for the 2001-02 fishing year. First, a CAY 
strategy (with constant fishing mortalities in each of the four areas) was determined for the given 
catch distributions which satisfied the defmition of Francis (1992): yield is maximised subject to 
the constraint that mid-spawning season biomass (in either stock) does not go below 20%Bo more 
than 10% of the time. This step also provides estimates of MAY in %Bo terms, (from which 
MIAEL estimates of MAY in tomes were determined using the h4lAEL estimates of Bo). 

In the second step, the MIAEL estimates of CAY were obtained for each run by using the two- 
stock model to apply a "CAY function" in the 2001-02 fishing year using the appropriate CAY 
strategy (determined at the fitst step). 

3. RESULTS AND DISCUSSION 

The least squares fits to the preliminary basecase run are considered first, these give the flavour 
of the fits for all the runs. Then the sensitivities to the preliminary basecase are considered; these 
give the background to the choice of the final basecase and sensitivities. The retrospective 
analysis results for the preliminary basecase are then presented. Next, the least squares estimates 
for the final basecase and sensitivities are covered, and finally the MlAEL estimates of biomass 
and yields are given. 

3.1 Preliminary basecase 

3.1.1 Fits and residuals 

The least squares fits to the acoustic biomass indices were relatively poor (Figure 2). For the 
WCSI, the model was unable to fit the extent of the increase in the observations between 1991 
and 1997, and did not match the subsequent downturn in the 2000 index. For Cook Strait, neither 
the extent of the decrease in the indices between 1988 and 1992 nor the sharp jump in 1993 were 
tracked. However, the extensive decline fiom 1993 to 1999 is reflected in the model predictions 
(Figure 2). 



The WCSI CPUE indices were not used in the preliminary basecase, but the fit to them is no 
worse, by eye, than to the acoustic indices (Figure 3). When they are fitted in the CPUE run their 
fit is somewhat improved, especially for the 1990 to 1995 period (Figure 3), which is when they 
have a contrary pattern to the WCSI acoustic indices (see Figure 2). 

It is difficult to concisely present the fits to the observations by sex and age because of the large 
number of individual observations. However, by grouping the residuals in various ways an 
appreciation of the quality of the fits can be achieved. Illustrative plots are given in Figures 4-6, 
where the residuals are grouped by "data source", age, and cohort respectively. 

However the residuals are grouped, it can be seen that the residuals with largest magnitude are 
typically negative (Figures 4-6), correspondiig to larger predictions than observations. The "data 
sources" which stand out in this regard are the MIX estimates of Chatham Rise catch (in 
particular), and catch proportions from the other three areas (Figure 4). For some "data sources" 
the predicted values are not well centred with regard to the observations. Two of the four Shinkai 
M m  surveys stand out in this regard (Figure 4). 

The grouping of residuals by age shows that the predictions for 1 year old fish are typically lower 
than the observations and that there is a trend of increasing under-prediction from ages 10 to 13 
years (Figure 5). The latter pattern was investigated further and it was found that it occurred only 
for the Cook Strait catch sampling data; this suggests that it could be worthwhile estimating a 
fishing selectivity pattern for Cook Strait, rather than assuming equal selection at age (and sex). 

Grouping the residuals by cohort shows the preponderance of data on cohorts from the 1980s and 
early 1990s compared to the more recent cohorts and those in the 1970s (Figure 6). The three 
highest magnitude residuals are seen to all belong to the 1988 cohort (corresponding to over- 
predictions of the proportion in the Chatham Rise catch - see Figures 4). The 1986 cohort also 
exhibits a problem in that the predictions are typically too high. Note that the 1999 cohort is not 
estimated. The residuals indicate that it may be weak compared to the average YCS assumed in 
the model (Figure 6). 

3.1.2 Preliminary basecase sensitivities 

Twenty-four sensitivities to the preliminary basecase are presented in Tables 5 and 6. Three 
alternative data sets were considered. For these runs, the exclusion of the acoustic indices made 
the most diierence to the least squares estimates of current biomass (Table 6). For the remaining 
runs, forcing a steep maturity ogive gave a much higher estimate of current biomass for the 
western stock as did the use of bell-shaped selectivities and vulnerabilities. The use of the 
Tangmoa-Shinkai M m  penalty function produced the lowest estimates of current biomass for 
both stocks (Table 6). 

The final basecase was chosen after considering these sensitivity runs. The idea was to combine 
those model assumptions which most closely matched the author's perception of reality (as 
conditioned by discussion with the Hoki Working Group). In this regard, the following features 
were chosen: full maturity by 7 years (Mat7yrs), bell-shaped selectivities (Be11.1.2), the use of 
the Tangaroa-Shinkai M m  penalty function (ShTan.pen), and maturation after the first wave 
b m  the Chatham Rise to the Sub-Antarctic (Mat.time). The adjustment of the WCSI 
selectivities was dropped because, although it improved the WCSI residuals, it made little 
difference to the least squares estimates (Table 6) 



3.2 Retrospective analysis 

The biomass trajectories for "assessments" from 1997 to 2001 inclusive show somewhat 
different trends for the eastern and western stocks (Figure 7). In terms of estimates of virgin 
biomass, the pattern is the same for both stocks: 1997 highest, 1998 a bit less, a big drop in 1999, 
an increase in 2000, and another drop in 2001. For the western stock there is a large drop in 2001. 
For both stocks, the 1997 and 1998 trajectories are very similar. For the eastern stock, the 1999, 
2000, and 2001 trajectories are all very similar. However, for the western stock, although the 
1999 and 2000 trajectories are very similar, the 2001 trajectory has much lower biomass 
estimates from the virgin state to 1980, and from 1997 to 2001 (Figure 7). 

.For both stocks the biomass trajectories across the assessment years appear to be most similar in 
the middle period (certainly true for the western stock, perhaps moot for the eastern stock). This 
is probably due to the relatively large amount of data on the cohorts which make up the biomass 
during this period. For cohorts which have been essentially "fished out" and for which there are 
extensive observations, it would seem likely that the estimated total number of fish in the cohort 
cannot be substantially changed with the addition of new data (because there would be a large 
cost in terms of an increased sum of squares). Note, for cohorts which have been "fished out", 
but have been sparsely observed, the estimated total numbers should have much more freedom to 
move. 

When the biomass trajectories are considered in %BO terms, the eastern stock trajectories are very 
similar across all assessment years, but for the western stock the 2001 trajectory is quite different 
from those of the other four assessment years (Figure 8). The big change in these trajectories 
fiom 2000 to 200 1 was investigated fiuther by examining the effect of progressively adding new 
data points to the 2000 assessment, and progressively removing new data points from the 2001 
assessment. The largest effect was caused by the 2000 WCSI acoustic index which had a 
substantial negative impact on the estimated trajectory fiom 1998 to 2001 (Figure 9). However, 
the removal of any single new data source did not change the shape of the trajectory, with each 
trajectory most recently peaking in 1999 and declining in 2000 and 2001 (Figure 9). This 
contrasts with the trajectories in the earlier assessment years which all have their most recent 
peak in their assessment year (see Figure 8). 

The shift in biomass trajectory which was needed to achieve the best least squares fit to the 2001 
data set shows that the "new data" (between 2000 and 2001 assessments) are somewhat 
inconsistent with the earlier model estimates. This may be a consequence of some of the model 
assumptions, and in particular the use of constant migration and selection parameters across 
years. A contributing factor may be the effect of four strong years of recruitment followed by 
average and below average recruitment, combined with non-average fishing patterns. 

The 1991 to 1994 cohorts dominate in the western stock over the 1997 to 2001 assessment years. 
The least squares estimates of YCS for these cohorts show a decreasing pattern over the 
assessment years (Figure 10). There is also a poor residual pattern at ages 3 and 4 years for these 
cohorts in the WCSI catch at age data, with the predicted proportions typically being smaller than 
the observed proportions (even after making the adjustment used in the actual 1999 assessment). 
Disproportionate fishing (compared to the average fishing pattem) of these strong cohorts in their 
early years on the WCSI, would account for lower than expected proportions in later years and a 
progressive reduction in the least squares estimates over the 1997 to 2001 assessment years. 

3.3 Least squares estimates for final basecase and sensitivities 

The least squares estimates of migration, maturity, trawl vulnerability, and fishing selection 
parameters were very similar for the basecase and its sensitivity runs. There was some variation 
in the estimates of proportion spawning for the eastern stock, where estimates ranged fiom the 



lower bound of 60% to as high as 74% (Table 7). The vulnerability and selectivity patterns were 
all bell-shaped as specified, but the fishing selectivity patterns peaked at 5 to 6 years, whereas the 
trawl vulnerability patterns peaked at 8 to 9 years (Figure 11). For the basecase, the virgin 
proportion mature at age had males maturing earlier than females, and eastern fish maturing 
earlier than western fish (Figure 11). The latter effect is primarily due to the use of the Cook 
Strait acoustic time series which has a very sharp increase from 1992 to 1993; the model attempts 
to fit this using the strong 1988 cohort with high levels of mature fish at age 5. In the CPUE run, 
the eastern fish are still estimated to mature earlier than the western fish, but the difference is 
smaller, especially for the females. 

Differences in estimated biomass between the runs are reflected in the estimated proportionality 
constants. The effect of the Tmgaroa-Shinkai Maru penalty is clearly seen in these estimates; 
without the penalty the vessels proportionality constants differ by a factor of about 4.5, but when 
it is used they differ only by a factor of about 2 (Table 7). 

Least squares estimates of YCS were similar across the basecase and sensitivity runs for a given 
stock. For the eastern stock, strong cohorts were estimated for 1979,1987,1988,1992,1994, and 
1997, with very weak cohorts estimated for 1975, 1976, and 1995 (Figure 12). The pattern was 
different for the western stock with strong cohorts estimated in 1977, 1978, 1987, 1991, 1992, 
and 1994, and very weak cohorts in 1979 and 1989 (Figure 12). 

For the western stock, the biomass trajectories for the basecase and sensitivity runs all have a 
similar shape, peaking in the mid 1980s, reaching a minimum in 1994 or 1995, a secondary peak 
in 1999 (with the strong recruitment fiom the 1991-94 cohorts) before declining in 2000 and 
2001 (Figure 13). The imposition of the Tmgaroa-Shinkai M m  penalty has a strong effect on 
the biomass trajectory with a higher peak in the mid 80s and lower peak in 1999 (Figure 13). For 
the eastern stock, the least squares biomass trajectories are similar across runs showing an initial 
sharp decline through the 1970s, a step up in the 1980s, a sharp increase in the early 1 9 9 0 ~ ~  and 
then a sharp decline through to 2001 (Figure 13). 

3.4 MIAEL estimates 

3.4.1 Basecase frequency distributions 

The MIAEL frequency distributions show that the western stock had considerably larger 
estimated virgin biomass than the eastern stock and that its current biomass, relative to virgin 
stock size, is also probably higher (Figure 14). However, for both stocks there are potentially 
very high stock risks (Figure 14). The distributions for 2002 risk are very flat for both stocks, 
suggesting that this performance indicator is not well estimated. This is to be expected as the risk 
in 2002 will tend to be either 0 or 1, depending on the current relative stock size and the strength 
of recently recruited cohorts. Thus, fairly exact knowledge (which we do not have) of these fixed 
(but unknown) quantities would be required to accurately estimate 2002 risk. For that reason, 
MIAEL estimates of 2002 risk are not presented. 

3.4.2 Basecase and sensitivity runs 

For the western stock, the basecase MIAEL estimates put virgin biomass at about 750 000 t, with 
current biomass at about 40% Bo and stock risk at about 60% (Table 8). The CPUE and lowM 
m s  provide slightly more pessimistic estimates and the intermediate run results are slightly 
more optimistic, while the highM and noTanSh runs are much more optimistic with current 
biomass above 50% Bo and stock risk at about 25% (Table 8). 



For the eastern stock, the basecase MIAEL estimates put virgin biomass at about 250 000 t, with 
current biomass at about 20% BO and stock risk at about 60% (Table 9). The CPUE run provides 
virtually identical results to the basecase. The lowM run provides slightly more pessimistic 
estimates and although the highM and noTanSh runs provide somewhat more optimistic results, 
it is only the intermediate run which suggests that the eastern stock could be relatively healthy, 
with stock risk estimated at only about 20% (Table 9). 

3.4.3 Relative virgin stock size 

MIAEL estimates of the ratio of eastern virgin biomass to total virgin biomass were produced for- 
the basecase and CPUE runs to help with the determination of yields (see below). Both runs gave 
similar results with fairly tight 99% intervals (Table 10). 

3.4.4 Change in assessment results between 1999 and 2001 

There has been a substantial change in the W A  assessment results between 1999 and 200 1 for 
the western stock, with a much more pessimistic outlook in 2001. For the eastern stock the point 
estimates (e.g., B1g99/Ba) and qualitative results are very similar between the assessment years, 
except that the possibility of a healthy eastern stock is far less likely in the 2001 assessment. 

There are several reasons for the change in the western stock assessment. The primary influence 
has come fiom data which have been collected since the 1999 assessment. The revision of the 
acoustic indices made little difference. Also, the revision of the WCSI CPUE indices has 
probably had only a small effect as the revised indices have a similar trend over the reduced 
period for which they were calculated ( h m  1990, rather than from 1987). Indeed, when 
comparing the CPUE runs between the two assessment years the results are similar. 

The largest difference from 1999 is seen in the runs which used the acoustic indices ("Run 3d" in 
1999, compared with the basecase in 2001). In this case the strongest effects are from the 
inclusion of the WCSI 2000 acoustic index and the 2000 Sub-Antarctic trawl survey data. The 
2000 biomass indices are both at about 55% of the maximum indices within their time series, 
which in each case are the previously last recorded indices (in 1997 for WCSI and 1993 for the 
Sub-Antarctic). It was not possible for the model to fit the extent of this downturn without 
reducing both the virgin biomass and the strength of the 1991 to 1994 cohorts (in particular the 
1994 cohort, which is still strong (about twice the average), but not three times the average as in 
the 1999 assessment). The combined effect of this shift in the biomass trajectory is a peak in 
1999 at a lower level than predicted in the 1999 assessment (comparing exactly comparable least 
squares estimates, a shift fiom about 1 10%Bo to about 75%B0). Also, the 2001 basecase results 
are made more pessimistic than the comparable run in 1999 because of the inclusion of a new 
penalty function to encourage Tmgaroa and Shinkai M m  to have more similar proportionality 
constants within the same area (in comparable least squares runs, the inclusion of this penalty 
reduced the estimated 2001 biomass fiom 66%Bo to 45%Bo). 

3.5 Yields 

The estimated yields fiom the two-stock model depend on the distribution of catches across the 
four main fishing areas. For the basecase and CPUE runs the catch distribution implied by the 
"status quo" catch policy was used. Also, for the basecase, a catch distribution in which some 
catch was moved from the eastern to the western stock was considered (Table 11). 



3.5.1 Estimation of Maximum Constant Yield (MCY) 

Under the "status quo" catch distribution, the constraint (of being below 20%B0 no more than 
10% of the time) was reached for the eastern stock and the western stock was fished at very low 
constraint being reached for the western stock and the eastern stock almost reaching the 
constraint (Table 12). This gives higher yields for the western stock, and slightly lower yields for 
the eastern stock. In %Bo terms, MCY estimates ranged fiom 9.3 to 12.3% across the two stocks. 
MLAEL estimates of MCY for the eastern stock were all about 30 000 t; for the western stock the 
estimates ranged from 71 000 t to 91 000 t, with the highest yield for the adjusted catch 
distribution (Table 13). 

3.5.2 Estimation of Current Annual Yield (CAY) and Maximum Average Yield (MAY) 

Estimates of MAY in %Bo terms ranged from 15.7 to 17.5% across the two stocks (see Table 12). 
For the status quo catch distribution, the constraint was reached for the eastern stock with low 
risk to the western stock (as for MCY). The shift of catches from the eastern stock to the western 
stock resulted in a higher yield for the western stock and a slightly reduced yield for the eastern 
stock (see Table 12). 

MIAEL estimates of CAY for the eastern stock were about 40 000 t in each case, but the 
estimates for the western stock varied fkom 85 000 t (CPUE) to 127 000 t (adjusted catch 
distribution) (Table 14). The 99% intervals were quite wide with CAY totalled across both stocks 
having an interval of about 80 000-300 000 t (Table 14). MIAEL estimates of MAY for the 
eastern stock are all slightly above 40 000 t, while for the western stock they range from 
121 000 t (basecase and CPUE) to 134 000 t (adjusted catch distribution) (Table 15). 

4. CONCLUSION 

The virgin biomass of the eastern stock was estimated to be have been 2&30% of the total virgin 
biomass. In recent years there has been a reduction in the proportion of catch taken from the 
eastern stock. However, in relation to their virgin and current stock sizes there is still too much 
catch being taken from the eastern stock. The current distribution of catches is not optimal in 
terms of an MCY or CAY strategy. 

The basecase run suggests that current biomass is at about the level of BMY (interpreted as Bmy 
in this assessment) for the western stock, but it is below Bmy for the eastern stock. For both 
stocks, it also suggests that the current level of catches cannot be sustained over the next five 
years without considerable risk of the mid-spawning season biomass going below 20%Bo. More 
pessimistic or more optimistic scenarios can be constructed depending on the model assumptions 
made. 
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Table 1: Catch history ('000 t) used in the two-stock hoki model. The catches in 2001 were assumed to be 
the same as those in 2000. 

Nursery 
ground 

4 
4 
6 

36 
37 
3 8 
3 
6 
8 
8 
7 

10 
10 
10 
17 
17 
15 
5 

13 
13 
46 
46 
28 
45 
61 
7 1 
85 
82 
62 
62' 

Eastern 
spawning 

ground 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.6 
7 

14 
27 
25 
2 1 
36 
35 
59 
53 
50 
4 1 
3 8 
38 

Western 
home 

ground 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

10 
18 
34 
26 
12 
13 
12 
25 
24 
23 
34 
34 

Western 
spawning 

ground 
5 
5 
5 

10 
30 
60 
5 

18 
20 
25 
25 
30 
40 
34 
82 

158 
240 
192 
173 
158 
110 
100 
115 . 
8 1 
76 
96 

107 
99 

108 
108 

Table 2: Biological parameters for the two-stock hoki model. 

Natural mortality (M) (Sullivan & Coombs 1989): 

Females Males 
0.25 0.30 

Weight = a (length)b: (Weight in g, length in cm total length) 

Western: a = 0.006 b = 2.85 
Eastern: a = 0.004 b = 2.95 

von Bertalanffy growth parameters morn & Sullivan 1996): 

Females Males 
K to L K to L 

Western: 0.213 -0.60 104.0 0.261 -0.50 92.6 
Eastern: 0.161 -2.18 101.8 0.232 -1.23 89.5 

Recruitment parameters (both stocks): 

Steepness (Beverton & Holt stock recruit relationship) 0.9 
Recruitment variability (std deviation of log recruitment) 1.0 
Plus group 20 years 



Table 3: A description of the data used in the estimation procedure. The years for individual time series 
are indicated by ranges when the years are consecutive. The given timing is when the observations were 
collected and the cycle point is the timing assumed in the two-stock model. 

Cycle Ages 
Survey area ~ e t h o d *  Data type point Timing Years Male Female 

WCSI Acoustics biomass 7 Winter 1988-93, 1997,2000 - - 
CPUE biomass 7 Winter 1990-2000 - - 

Observers (otoliths) catch 8 Winter 1988-2000 3-11 . 3-12 

Sub-Antarctic Non- 
Observers (MIX) catch 5 winter 1992-98 2-6' 2-6' 

Shinkai Maru -4 Apr 1982 3-6+ 3-6+ 
(MIX, otoliths) numbers 9 Nov 1983 2-11 2-12 

Amatal Explorer 9 Nov 1989-90 2-6+ 2-6' 
(MIX) numbers 7 Aug 1990 2-6+ 2-6' 

9 Dec 199 1-93,2000 1-11+ 1-12+ 
8 Sep 1992 3-13' 3-14' 

Tangaroa (otoliths) numbers 4 Apr 1992,1996,1998 1-11+ 1-12+ 

proportion 
Tangaroa (otoliths) spawning 4 Apr 1992,1998 - 3-9+ 

Southland Tangaroa (length 
classes) numbers 3 Feb 1993-96 1-2 1-2 

Cook Strait acoustics biomass 7 Winter 1988, 1991-99 - - 
shed sampling 
(otoliths) catch 8 Winter 1988-2000 3-11 3-12 

Chatham Rise Non- 
Observers 0 catch 5 winter 1992-98 2-6+ 2-6' 

Shinkai Maru 3 Mar 1983 1-10+ 1-11+ 
(otoliths, MM) numbers 7 Jul 1986 3-6+ 3-6+ 

Amatal Explorer 
(MIX) numbers 9 Dec 1989 

Tangaroa (otoliths) numbers 2 Jan 1992-2001 1-10+ 1-11+ 

* For trawl surveys the vessel name is given with the method of ageing in parentheses. 
+ Denotes a plus group. 



Table 4: Bounds imposed on the trawl survey proportionality constants in the first step of the estimation . 
procedure. The overall bounds are the product of the bounds on the three given components. 

Areal Vertical Lower Upper 
availability availability Vulnerability bound bound 

Chatham Rise 
(adult hoki) 0.4-0.95 0.2- 1 .O 0.2-0.8 0.0160 0.76 
Sub-Antarctic 
(adult hoki) 0.6-0.95 0.2- 1 .O 0.2-0.8 0.0240 0.76 
Southland (2+ 
hoki) 0.05-0.6 0.1-0.8 0.1-0.5 0.0005 0.24 

Table 5: Description of a set of preliminary runs which were used to investigate various sensitivities prior 
to the choice of the basecase run. Except where stated, all runs used all of the available data (see Table 3) 
and the adjusted WCSI fishing selectivities as in the 1999 assessment (Cordue 2000a). 

Name Description 

AlLdata All data used 
Trawl.aco Excluded WCSI CPUE 
Trawl.cpue Excluded WCSI acoustics and Cook Strait acoustics 
TrawLonly Excluded WCSI CPUE, WCSI acoustics, and Cook Strait acoustics 

Sensitivities to TrawLaco 

No.sel.adj 

MatSyrs 
Mat.7yrs 

Sp.80 
Sp.85 

Bell. 1.2 
Bell. 1.5 

Mat.W 1 
Mat.W5 
MM.01 

NonT.prop 
ShTanpen 

Mvar. 1 
Mvar.2 
Mvar.3 
Mvar.4 

Inter.75 

Mat. time 

Smix.20 
Smix.30 
Smix.40 

No adjustment made to WCSI fishing selectivities 

Forced full maturity at 5 years (before the spawning season) 
Forced full maturity at 7 years (before the spawning season) 

Proportion spawning = 0.80 (both stocks) 
Proportion spawning = 0.85 (both stocks) 

Forced bell shaped vulnerabilities and fishing selectivities (some lower bounds at 1.2) 
Forced bell shaped vulnerabilities and fishing selectivities (some lower bounds at 1.5) 

Specified weight for Sub Antarctic proportion spawning data = 1 
Specified weight for Sub Antarctic proportion spawning data = 5 
Specified weight for MIX estimates of home ground catch proportions = 0.01 

Proportions used for non-Tangaroa trawl survey data (rather than numbers) 
Shinkai-Tangaroa penalty function used 

M at ages 1 and 2 years = (1.0,0.6), basecase values from 3 years 
M at ages 1 and 2 years = (1.0,0.6), decreasing with age, basecase values at 5 years 
M at ages 1 and 2 years = (2.0, 1.0), decreasing with age, basecase values at 6 years 
M at ages 1 and 2 years = (2.0, 1.0), decreasing with age, basecase values at 5 years 

Intermediate model with constant proportion mature at age and proportion spawning = 0.75 (both 
stocks) 
Maturity timing switched to after first wave home and before first wave spawning 

Stock mixing with 10% from each stock undecided and 20% of these joining the eastern stock 
Stock mixing with 10% from each stock undecided and 30% of these joining the eastern stock 
Stock mixing with 10% from each stock undecided and 40% of these joining the eastern stock 



Table 6: Least squares estimates of virgin and 2001 mid-spawning season biomass and the total sum of 
squares (with penalties), for the preliminary runs of Table 5. Those runs with the two highest and two 
lowest eastern or western current biomasses are bolded. 

Name 

all.data 
trawl.aco 
trawl.cpue 
trawl.only 

No.adj .sel 

MatSyrs 
Mat.7yrs 

Sp.80 
Sp.85 

Be11.1.2 
Be11.1.5 

Mat.Wl 
Mat.W5 
MIX.0 1 

NonT.prop 
ShTan.pen 

Mvar. 1 
Mvar.2 
Mvar.3 
Mvar.4 

Inter.75 
Mat. time 

Smix.20 
Smix.30 
Smix.40 

Sum of 
squares 

33.38 
33.20 
30.31 
30.17 

33.76 

35.19 
33.35 

33.80 
34.25 

34.59 
35.35 

32.26 
32.75 
25.52 

32.41 
35.33 

33.06 
33.21 
33.50 
33.37 

28.95 
33.48 

33.23 
33.29 
33.24 



Table 7: Bounds imposed on some of the parameters in the least squares estimation and the estimates 
obtained during the first step for the basecase, CPUE, and noTanSh runs 

Proportion south 
Proportion 1'' wave home 
Proportion 1'' wave spawning 
Proportion spawning (e, w) 
Northern corridor (1,2,3yrs) 
Southern corridor (1,2,3yrs) 

Virgin biomass (e, 000 t) 
Virgin biomass (w, 000 t) 

Proportionality constants 
Acoustics (e, w) 
Tangaroa (Southern corridor) 
Tangaroa (e, w) 
Shinkai Maru (e, w) 
Amaltal Explorer (e,w) 

Bounds 
Lower 

0.1 
0.05 
0.05 
0.6 

0.1,0.3, 1.0 
0.1,0.3, 1.0 

20 
40 

0.06 
0.0005 

0.016,0.024 
0.016,0.024 
0.016,0.024 

Estimates 
CPUE 

0.19 
0.80 
0.11 

0.60,0.60 
1.0,0.9, 1.0 
0.1.0.7. 1.0 

23 1 
799 

0.75,0.75 
0.24 

0.14,O.ll 
0.25,O. 19 
0.14.0.14 

Table 8: MIAEL estimates of biomass and stock risk for the western stock, with the associated least squares 
estimates (Lsq.), the MIAEL 99% intervals, and the bestp values (bestp is the proportion of the Lsq. estimate 
used in the  EL estimate). 

Run 

Bo (000' t) Basecase 
CPUE 
LowM 
HighM 
noTanSh 
Inter 

B2oo1 (%Bo) Basecase 
CPUE 
LowM 
HighM 
noTanSh 
Inter 

Stock risk Basecase 
CPUE 
LowM 
HighM 
noTanS h 
Inter 

best p 

0.45 
0.38 
0.36 
0.45 
0.55 
0.61 

0.62 
0.57 
0.66 
0.57 
0.64 
0.64 

0.60 
0.60 
0.44 
0.28 
0.43 
0.44 

Lsq. 

699 
722 
699 

1059 
842 
934 

42 
30 
33 
57 
69 
39 

0.7 1 
0.87 
0.92 
0.03 
0.04 
0.54 

MIAEL 
estimate 

768 
773 
758 

1083 
862 

1023 

3 8 
30 
30 
54 
63 
43 

0.62 
0.75 
0.75 
0.21 
0.26 
0.45 

99% 
interval 



Table 9: MLAEL estimates of biomass and stock risk for the eastern stock, with the associatkd least squares 
estimates (Lsq.), the MIAEL 99% intervals, and the bestp values (bestp is the proportion of the Lsq. estimate 
used in the MIAEL estimate). 

MIAEL 99% 
Run best p m e  estimate interval 

B, (000' t) Basecase 0.57 268 268 221 365 
CPUE 0.59 26 1 253 211 326 
Lo wM 0.48 264 261 214 332 
HighM 0.69 39 1 379 291 568 
noTanSh 0.60 3 12 319 265 445 
Inter 0.65 440 405 319 558 

B2oo1 (%Bo) Basecase 0.63 23 
CPUE 0.66 23 
LowM 0.6 1 16 
HighM 0.58 35" - 
noTanSh 0.67 36 
Inter 0.67 47 

Stock risk Basecase 0.61 0.72 
CPUE 0.58 0.75 
LowM 0.47 0.92 
HighM 0.45 0.07 
noTanSh 0.59 0.40 
Inter 0.59 0.02 

Table 10: MIAEL estimates of the ratio of eastern virgin biomass to total virgin biomass, together with 
99 9% intervals and their best p values. 

Basecase 
MIAEL 99% interval best p 

0.26 0.21 0.31 0.47 
CPUE 0.25 0.20 0.28 0.47 

Table 11: Catch distributions assumed in the estimation of yields for the basecase, CPUE, and "adjusted 
basecase" scenarios. 

Basecase 
CPUE 
Adjusted 

East West 
Home Spawn Home Spawn 

0.24 0.16 0.14 0.46 
0.24 0.16 0.14 0.46 
0.18 0.14 0.16 0.52 

Table 12: BMCY, BUY, MCY, and MAY, as percentages of virgin biomass, and "risk" calculated following 
Francis (1992) where yield is maximized subject to "risk" being no greater than 0.10 for either stock 
("risk" being the probability of mid-spawning season biomass being below 20%Bo in any year). 

East West 
B ~ c y  B ~ Y  MCY MAY Risk B ~ c y  BUY MCY MAY Risk 

Base 56 37 11.1 15.8 0.10 69 43 9.3 15.8 0.03 
CPUE 56 37 12.3 17.4 0.10 67 44 9.8 15.7 0.04 
Adjust 58 37 10.7 15.7 0.09 59 35 11.9 17.5 0.10 



Table 13: MIAEL estimates of MCY ('000 t) with their 99% intervals. 

East West 
MIAEL 99% interval MIAEL 99% interval 

Base 30 25 4 1 7 1 61 95 
CPUE 3 1 26 40 76 66 95 
Adjust 29 24 39 9 1 78 122 

Table 14: MIAEL estimates of CAY ('000 t) for the 2001-02 fishing year with their 99% intervals. 

East West 
MIAEL 99% interval MIAEL 99% interval 

Base 4 1 18 82 101 63 183 
CPUE 37 18 78 85 6 1 139 
Adjust 40 18 81 127 78 234 

Table 15: MIAEL estimates of MAY ('000 t) with their 99% intervals. 

East West 
MIAEL 99% interval MIAEL 99% intern1 

Base 42 35 5 8 121 103 162 
CPUE 44 37 57 121 105 153 
Adjust 42 35 57 134 114 179 



Eastern 
spawning 

spawning 

Western home 

Figure 1: A diagrammatic representation of the six areas used in the two-stock hoki model. 
Arrows with solid lines show the migration paths of juvenile hoki. Arrows with dashed 
lines show the migration paths of adult hoki. 



Spawning season 

Figure 2: Least squares fit to the acoustic indices for the preliminary basecase (observed values: 
X, predicted values: 0). 
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Figure 3: Least squares fit to the CPUE indices for the preliminary basecase (top) and the CPUE 
run (bottom) (observed values: X, predicted values: 0). 
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Figure 5: Box and whiskers plots of residuals for the preliminary basecase by age. The whiskers extend to the full range, the box contains 50% of the 
values, and the median is marked within the box. 
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Figure 7: Retrospective analysis for the preliminary basecase: absolute biomass trajectories for 
the western and eastern stocks for each of the assessment years from 1997 to 2001. 
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Figure 8: Retrospective analysis for the preliminary basecase: relative biomass trajectories for the 
western and eastern stocks for each of the assessment years from 1997 to 2001. 
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Figure 9: Retrospective analysis for the preliminary basecase: relative biomass trajectories for the 
western stock when data are progressively added to the 2000 assessment or individually 
removed from the 2001 assessment. 
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Figure 10: Retrospective analysis for the preliminary basecase: estimated year class strengths 
(YCS) for the 1991 to 1994 western stock cohorts for each of the assessment years from 
1997 to 2001. 
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Figure 11: Basecase least squares estimates: trawl survey vulnerabilities for the Chatham Rise (CR) 

and Sub-Antarctic (SA), fishing selectivities for the CR and SA, proportions mature at 
age in the virgin populations, and the proportion of western hoki in the western home 
ground in the virgin population. 
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Figure 12: Least squares estimates of year class strength (YCS) for the western and eastern stocks 
in the basecase, CPUE, and noTanSh runs. 
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Figure 13: Least squares biomass trajectories for the western and eastern stocks in the basecase, 
CPUE, and noTanSh runs. 
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Appendix 1 : Model parameters and model equations 

The only change from the 1999 assessment (Cordue 2000a) is the introduction of an option 
for maturation to occur in Stage 4 rather than Stage 1. This is implemented via the new 
parameter maturityjlag. 

Model parameters 

In the following, parameters are subscripted by "w" and "e" to denote the western and eastern 
stocks respectively. The subscript i always refers to the ith year of the annual cycle. Ages are 
subscripted by j and sexes are subscripted by s. 

Size of thefish stocks 

Bo. w Bo, e 

Cycle parameters 

Stage 1: 

maturityjlag 

m-Og.q,j, w m-ogs j ,e  

Stage 2: 

p-south, 

n-nursj 

Stage 3: 

sp-length 

Virgin equilibrium mid spawning-season biomass in the spawning 
grounds. 

The recruitment strength multipliers: multipliers of the total number of 
larvae as given by the Beverton-Holt stock recruitment relationship. 

If set equal to 0, maturation occurs at stage 1. 

The proportions of immature fish which become mature. 

The proportion of western larvae which use the southern corridor. 

The proportions of juveniles which move from the northern corridor to 
the nursery. 

The proportions of juveniles which move from the southern corridor to 
the nursery. 

The length of the spawning season as a proportion of the year; thus the 
length of each half of the pre-spawning season is 0.5 * (1 - splength ). 

The mean weights of fish during the pre-spawning season. 

The instantaneous rates of natural mortality. 

The maximum catch to beginning of pre-spawning season biomass 
ratios for the home grounds. 



Stage 5: 

See stage 3. 

Stage 6: 

The relative fishing selectivities for fish in the western home. 

The relative fishing selectivities for fish in the eastern home (or 
nursery). 

If set equal to 1, maturation occurs at stage 4. 

The proportions of immature fish which become mature. 

The proportions of western fish which move from the nursery to the 
western home. 

Of those fish that are going to migrate from the nursery to the western 
home, the proportion that go in the first wave. 

Of the western fish which are going to spawn, the proportion that go in 
the first wave. 

See stage 4 for first wave migrations of western fish. 

spawnq, spawns ,  The proportions of mature fish which migrate to the spawning grounds 
(totalled over both waves for the western fish). 

Stage 7: 

sp-length The length of the spawning season as a proportion of the year; the 
length of each half of the spawning season is 0.5 * sp-length. 

WS j,w wsj,e The mean weights of fish during the spawning season. 

Ms The instantaneous rates of natural mortality. 

max_spw - s p W  The maximum catch to beginning of spawning season biomass ratios 
for the spawning grounds assuming that all spawning fish are available 
to the fleet. 

The average proportions of spawning biomass available to the fleet 
during the spawning season. 

The relative fishing selectivities for fish in the western spawning 
ground. 

The relative fishing selectivities for fish in the eastern spawning ground. 



steep The steepness of the Beverton-Holt stock recruit relationships (based on 
female biomass in each spawning ground). 

The proportion of larvae that are male (the same in each spawning 
ground). 

p-undc,, p-undc, The proportions of larvae which are initially undecided as to which 
stock to  join". 

The proportion of the undecided larvae which join the eastern stock (the 
remaining larvae join the western stock). 

Stage 8: 

See stage 7. 

Stage 9: 

No specific parameters: all of the spawning fish return to their home grounds. 

Model equations 

In the population dynamics model, fish are categorised in several ways: stock, ground, sex, 
age, and maturity. Given the level of complexity of the categorisation it is best to present the 
mathematical equations in a very descriptive form using categorical variables. Categorical 
variables are given in italics and specific members of a category (except ages) are given in 
bold italics. 

The following abbreviations are used in the category member names: 

e = east, w = west, n =north, s = south, sp = spawning, hm = home, cor = corridor, 
fern = female, imm = immature, mat = mature. 

The categorical variables and their associated categories are: 

stock { e , w }  
ground { e-sp, e-hm, w-sp, w-hm, n-cor, s-cor ) 
sex { male, fem } 
age { 0, 1, ... ,20 } 
maturity { imm, mat }. 

The numbers of fish in each category in year i and cycle point j are denoted by Nij (stock, 
ground, sex, age, mamrity). Unless otherwise stated, an equation involving one or more 
categorical variables is valid for each member of the associated category or categories (where 
the particular combination of values is valid; an example of an invalid combination is "mature 
fish aged 0 years"). Equations are applied consecutively. Note, equations of the form 
"A += B" are shorthand for "A =A + B .  Similarly for "A -= B and "A *= B .  



Stage 1: Beginning of fishing year 

N i . ~  (stock, ground, sex, age, maturity) = Ni-1,9 (stock, ground, sex, age, maturity) 

IF (matun'tyflag == 0)  THEN 

(a) Some juveniles mature (and become adults). 

For age 2 1 and ground E { e-hm, w-hm ) 

NLI (stock, ground, sex, age, mat) += m-og(stock, sex, age) * Ni.l,9(stock, ground, sex, age, imm) 

Nil (stock, ground, sex, age, imm) -= m-og(stock, sex, age) * Ni-1.9 (stock, ground, sex, age, imm) 
-. ... 

Stage 2: Corridor migrations 

Ni.2 (stock, ground, sex, age, maturity) = Nisi (stock, ground, sex, age, maturity) 

( a )  Larvae move from spawning grounds to corridors. 

Ni.2 (e, n-cor, sex, 0 ,  imm) = NiSr (e, e-sp, sex, 0, imm) + Ni,1 (e, w-sp, sex, 0, imrn) 

NL2 (w, n-cor, sex, 0, imm) = Nil (w, e-sp, sex, 0, imm) + ( 1 - p-south ) * Nil (w, w-sp, sex, 0, imm) 

Ni,2 (w, s-cor, sex, 0, imm) = p-south * NisI (w, w-sp, sex, 0, imm) 

Ni,2 (stock, e-sp, sex, 0, imm) = 0 

Ni,2 (stock, w-sp, sex, 0, imm) = 0 

(b) Some juveniles move from corridors to nursery (eastern home). 

Ni.t (stock, e-hm, sex, age, imm) += n-nurs(age) * Nir2 (stock, n-cor, sex, age, imm) 

Ni,2 (stock, n-cor, sex, age, imm) -= n-nurs(age) * Nk2 (stock, n-cor, sex, age, imm) 

Ni,2 (w, e-hm, sex, age, imm) += s-nurs(age) * Ni,2 (w, S-cor. sex, age, imm) 

NiB2 (w,  S-cor, sex, age, imm) -= s-nurs(age) * Nk2 (w, S-cor, sex, age, imm) 

Stage 3: Pre-spawning season: first half 

NL3 (stock, ground, sex, age, maturity) = NL2 (stock, ground, sex, age, maturity) 

(a) Natural mortality and fishing mortality are applied to fish in the home grounds. 

For age 2 1 and ground E { e-hm, w-hm ) 

Ni,, (stock, ground, sex, age, maturity) *= exp[ -t * ( F(ground, sex, age) + M(sex) ) ] 



where the fishing mortalities F(ground, sex, age) are calculated from the Baranov catch 
equation using the selectivities sel-hm(ground, sex, age), the pre-spawning season catch, and 
the maximum exploitation rates mar-hm(stock). The time period t in this case is 
0.5 * ( 1  - sp-length ). 

(b) Natural mortality is applied to fish in the corridors. 

For age 2 1 and ground E { n-cot, s-cor ) 

Ni.3 (stock, ground, sex, age, maturity) *= exp[ -t * M(sex) ] 

Stage 4: First wave migrations 

Ni,4 (stock, ground, sex, age, maturity) = NiP3 (stock, ground, sex, age, maturity) 

(a) Some juveniles move from the nursery to the western home 

Ni.4 (w, w-hm, sex, age, imm) += hm-ogl(sex, age) * Ni,3 (w, e-hm, sex, age, imm) 

Ni,4 (w, e-hm, sex, age, imm)  -= hm-ogl(sex, age) * Ni3 (w, e-hm, sex, age, imm) 

where hm-ogl (sex, age) is calculated from hm-og(sex, age) and wave-hm. 

IF (maturityflag == 1) THEN 

(b) Some juveniles mature (and become adults). 

For age 2 1 and ground E { e-hm, w-hm ) 

NiS4 (stock, ground, sex, age, mat) += mpg(stock, sex, age) * Ni4 (stock, ground, sex, age, imm) 

Ni.4 (stock, ground, sex, age, imm) -= m-og(stock sex, age) * NiB4 (stock, ground, sex, age, imm) 

(c) Some adults move from the western home to the western spawning ground. 

Ni,4 (w, W-sp, sex, age, mat) = wave-spl * Ni,4 (w, w-hm, sex, age, mat) 

Ni.4 (w, w-hm, sex, age, mat) -= wave-spl * NiV4 (w, w-hm, sex, age, mat) 

where wave-spl is calculated from spawn_p(w) and wave-sp. 

Stage 5: Pre-spawning season: second half 

N ~ J  (stock, ground, sex, age, maturity) = Ni,4 (stock, ground, sex, age, maturity) 

(a) Natural mortality and fishing mortality are applied to fish in the home grounds. 

For age 2 1 and ground E { e-hm, w-hm ) 



N J  (stock, ground, sex, age, maturity) *= exp[ -t * ( F(ground, sex, age) + M(sex) ) ] 

where the F(ground, sex, age) and t are as in Stage 3. 

(b) Natural mortality is applied to fish in the corridors and the western spawning ground. 

For age 2 1 and ground E { n-cor, s-cor , w-sp} 

N,5 (stock, ground, sex, age, maturity) *= exp[ -t * M(sex) ] 

Stage 6: Second (final) wave migrations 

Ni,, (stock, ground, sex, age, maturity) = Nks (stock, ground, sex, age, maturity) 

(a) Some juveniles move from the nursery to the western home 

Ni.6 (w, w-hm, sex, age, imm) += hm_og2(sex, age) * Ni,, (w, e-hm, sex, age, imm) 

Ni,6 (w, e-hm, sex, age, imm) -= hrn_og2(sex, age) * Ni5 (w, e-hm. sex, age, imrn) 

where hm_og2(sex, age) is calculated from hm-og(sex, age) and wave-hm. 

(b) Some adults move from the western home to the western spawning ground. 

Ni.6 (w, w-sp, sex, age, mat) = wave-sp2 * NiVs (w, w-hm, sex, age, mat) 

Ni.6 (w, w-hm, sex, age, mat) -= wave-sp2 * Nii5 (w, w-hm, sex, age, mat) 

where wave-sp2 is calculated from spawnq(w) and wave-sp. 

(c) Some adults move from the eastern home to the eastern spawning ground. 

Ni,6 (e, e-sp, sex, age, mat) = spawnq(e) * Nks (e, e-hm, sex, age, mat) 

Ni,6 (e, e-hm, sex, age, mat) -= spawnq(e) * NLs (e, e-hm, sex, age, mat) 

(d) Fish age 1 year. 

NL6 (stock, ground, sex, 20, maturity) += NL6 (stock, ground, sex, 19, maturity) 

For age = 19 down to age = 1 

Ni.6 (stock, ground, sex, age, maturity) = Ni6 (stock, ground, sex, age - 1, maturity). 

Also, 

Ni,6 (stock, ground, sex, 0, imrn) = 0 



Stage 7: Spawning season: first half 

Ni.7 (stock, ground, sex, age, maturity) = NiS6 (stock, ground, sex, age, maturity) 

(a) Natural mortality and fishing mortality are applied to fish in the spawning grounds. 

For age 2 1 and ground E { e-sp, w-sp ) 

Ni,7 (stock, ground, sex, age, mat) *= exp[ -t * ( F(ground, sex, age) + M(sex) ) 1 

where the fishing mortalities F(ground, sex, age) are calculated from the Baranov catch 
equation using the selectivities sel-sp(ground, sex, age), the spawning season catch, and the 
exploitation rates mar_sp(stock) in conjunction with the average proportions available to the 
fleet p-o~t(stock)~. The time period t in this case is 0.5 * sp-length . 

(b) Natural mortality is applied to fish in the corridors and the home grounds. 

For age 2 1 and ground E { n-cor, s-cor , e-hm, w-hm ) 

Ni.7 (stock, ground, sex, age, maturity) *= exp[ -t * M(sex) ] 

(c) Larvae are created in the spawning grounds. 

For ground E { e-sp, w-sp } 

larvaei(ground) = Rdground) * virginR(ground) *fbio(ground) I [  alpha + beta *fbio(ground)l 

where jbio(ground) is the biomass of the females present on the spawning ground, 
virginR(ground) is the number of larvae needed to maintain deterministic equilibrium in the 
absence of fishing, and alpha, beta are the parameters of the Beverton-Holt stock-recruit 
relationship given by steep. 

(d) Sex and spawning-ground/stock affiliation are decided for larvae. 

For ground E { e-sp, w-sp ) 

Zarvaei(ground, male) = p-male * larvaei(ground) 

Ni.7 (e, e-sp, sex, 0, imm) = [ 1 - p-undc(e) + p-east * p-undc(e)] * larvael(e-sp, sex) 

Nit7 (w, e-sp, sex, 0, imm) = [ 1 - p-east ] * p-undc(e) * larvaede-sp, sex) 

Ni.7 (w, w-sp, sex, 0, imm) = [ 1 - p-east * p-undc(w) ] * larvae,(w-sp, sex) 

NiS7 (e, w-sp, sex, 0, imm) = p-east * p-undc(w) * larvaei(w-sp, sex) 



Stage 8: Spawning season: second half 

Ni,8 (stock, ground, sex, age, maturity) = NiV7 (stock, ground, sex, age, maturity) 

(a) Natural mortality and fishing mortality are applied to fish in the spawning grounds. 

For age 2 1 and ground E { e-sp, w-sp ) 

Nits (stock, ground, sex, age, mat) *= exp[ -t * ( F(ground, sex, age) + M(sex) ) ] 

where the F(ground, sex, age) and t are as in Stage 7. 

(b) Natural mortality is applied to fish in the comdors and the home grounds. 

For age 2 I and ground E { n-cor, s-cor , e-hm, w-hm ) 

Ni.8 (stock, ground, sex, age, maturity) *= exp[ -t * M(sex) ] 

Stage 9: End of fishing year 

Nips (stock, ground, sex, age, maturity) = NiSs (stock, ground, sex, age, maturity) 

(a) Adults return fiom the spawning grounds to their home grounds. 

Ni,9 (e, e-hm, sex, age, mat) += NiS8 (e, e-sp, sex, age, mat) 

Nir9 (e, e-sp, sex, age, mat) = 0 

Ni,9 (w, w-hm, sex, age, mat) +=Nips (w, w-sp, sex, age, mat) 

N.9 (w, w-sp, sex, age, mat) = 0 



Appendix 2: Input data 

The data in Tables A2-1 to A2-20 are a superset of the data used in the two-stock model runs during 
the 2001 hoki stock assessment. The 1993 Tangaroa survey results for the Sub-Antarctic (Table A2- 
9) were not used in any runs, as the survey was later in the year than the other three in the time series. 
With this exception, the basecase run used all of the remaining data except for the WCSI CPUE 
indices (Table A2-1). The CPUE run used all of the remaining data except for the acoustic time series 
(Tables A2-2 & A2-3). The IowM, highM, and noTanSh runs used the same data as the basecase. The 
intermediate model run used a subset of the basecase data: excluding the Southland indices (Table 
A2-7), the maturation data (Table A2-4), and all observations of 1 year old fish. 

The c.v.s and equivalent sample sizes (n) given in the tables are based on the median values used in 
Run 3d of the 1999 assessment (Cordue 2000a). When they vary between years they were derived by 
assuming a median value for the time series and weighting between years on the basis of the number 
of trawl stations or samples, using the procedure in Cordue et al. (1992). 

Table A2-1: Biomass indices from west coast South Island CPUE analysis (mid spawning season, average 
spawning biomass available in the open area), 1990-2000. 

Year 
1990 
199 1 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

Index 
1 .oo 
1.38 
1.60 
1.33 
1.11 
0.85 
0.95 
1.04 
1.25 
1.35 
1.63 

C.V. 

0.35 
0.35 
0.35 
0.35 
0.35 
0.35 
0.35 
0.35 
0.35 
0.35 
0.35 

Table A2-2: Biomass indices from west coast South Island acoustics data (mid spawning season, spawning 
biomass, median C.V. 40%), 1988-93,1997,2000. 

Year 
1988 
1989 
1990 
1991 
1992 
1993 
1997 
2000 

Index 
247 
170 
143 
191 
207 
334 
413 
235 



Table A2-3: Biomass indices from Cook Strait acoustics data (mid spawning season, spawning biomass, 
median C.V. SO%), 1988,1991-99 

Year 
1988 
199 1 
1992 
1993 
1994 
1995 

- 1996 
1997 
1998 
1999 

Index 
128 
77 
54 
256 
244 
206 
97 
124 
68 
101 

C.V. 
0.79 
0.50 
0.61 
0.50 
0.54 
0.50 
0.47 
0.46 
0.47 
0.46 

Table A2-4: Estimated proportion of females going to the WCSI spawning ground as seen on the Sub- 
Antarctic April 1992,1998 (otoliths, Tangaroa) 

Females 
Year 3 4 5 6 7 8 9+ C.V. 
1992 0.19 0.45 0.27 0.57 0.68 0.69 0.64 0.25 
1998 0.28 0.60 0.40 0.40 0.40 0.40 0.52 0.25 

Table A2-5: Estimated numbers at age (millions) on the Chatham Rise, January 1992-99 (otoliths, 
Tangaroa) 

Males 
Year 1 2 3 4 5 6 7 8 9 lot 

Females 
1 2 3 4 5 6 7 8 9 10 11+ 

C.V. 
0.74 
0.73 
0.75 
0.81 
0.88 
0.85 
0.88 
0.85 
0.79 
0.79 

C.V. 

0.74 
0.73 
0.75 
0.81 
0.88 
0.85 
0.88 
0.85 
0.79 
0.79 



Table ~ 2 - 6 :  Estimated numbers at age (millions) on the Chatham Rise, March 1983 (otoliths, Shinkai 
Maru) 

Males 
Year 1 2 3 4 5 6 7 8 9 10+ C.V. 

1983 24.2 50.2 90.3 27.2 14.1 2.4 0.4 1.3 0.2 1.6 - 1.00 
Females 

1 2 3 4 5 6 7 8 9 10 11+ C.V. 

1983 25.8 58.4 81.1 64.1 14.5 8.3 4.4 4.9 5.8 1.2 3.2 1.00 

Table A2-7: Estimated numbers at age (millions) off Southland, February 1993-96 (length classes, 
Tangaroa) 

Males Females 
Year 1 2 1 2 C.V. 

1993 19.0 0.6 23.9 "- 0.8 1.49 
1994 28.3 6.8 26.3 6.0 1.45 
1995 1.8 1.3 1.6 1.0 1.39 
1996 3.7 5 .O 3.3 5.1 1.45 

Table A2-8: Estimated numbers at age (millions) on the Sub-Antarctic, MarchJApril 1982 (MIX, Shinkai 
Marzt). Fish were not sexed on this voyage; the proportions by sex from the October/November 1983 
voyage were used to split the totals at age (see Table A2-14) 

Males 
Year 3 4 5 6+ C.V. 

Females 
1982 82.5 74.1 21.0 72.5 1.20 

Table A2-9: Estimated numbers at age (millions) on the Sub-Antarctic, ApriYMay 1992-93, 1996,1998 
(otoliths, Tangaroa). Given c.v.s are for 2 years and older; for 1 year olds, median c.v. of 1.00 was used 

Males 
Year 1 2 3 4 5 6 7 8 9 10 11+ 
1992 1.1 0.1 2.6 5.7 0.4 1.3 3.0 2.8 0.7 0.4 0.3 
1993 4.3 0.0 0.1 1.3 3.4 0.4 0.9 2.3 2.3 0.6 1.0 
1996 7.6 8.1 13.8 8.8 0.3 0.7 2.6 2.9 0.2 0.5 0.9 
1998 0.5 0.6 4.5 2.9 6.1 3.7 0.8 0.5 0.8 0.8 0.7 

Females 
1 2 3 4 5 6 7 8 9 10 11 12+ 

1992 1.1 0.1 1.6 7.4 0.6 2.3 6.2 3.5 1.0 1.0 0.8 1.4 
1993 4.3 0.1 0.3 2.6 7.0 0.3 1.8 4.3 2.2 0.5 0.7 1.0 
1996 6.7 5.8 12.3 6.6 0.5 1.3 4.3 6.3 0.5 1.5 1.4 1.0 
1998 0.2 0.8 4.3 2.8 7.0 4.9 1.4 1.1 3.0 2.1 0.4 1.8 

C.V. 

0.90 

C.V. 

0.90 



Table A2-10: Estimated numbers a t  age (millions) on the Chatham Rise, July 1986 (MIX, Shinkai Maru) 

Males 
Year 3 4 5 6+ C.V. 

1986 153.0 63.7 14.2 12.3 0.75 
Females 

1986 151.3 71.1 17.7 54.9 0.75 

Table A2-11: Estimated numbers at age (millions) on the Sub-Antarctic, JulylAugust 1990 (MIX, Amaltal 
Explorer) 

Males 
Year 2 3 4 5 6+ C.V. 

1990 0.1 6.9 6.2 1.5 4.5 1.20 
Females 

1990 0.1 6.6 7.8 1.8 11.9 1.20 

Table A2-12: Estimated numbers at age (millions) on the Sub-Antarctic, September 1992 (otoliths, 
Tangaroa) 

Males 
Year 3 4 5 6 7 8 9 10 11 12 13+ C.V. 

1992 0:03 0.5 2.2 0.2 0.3 1.0 0.9 0.2 0.2 0.1 0.2 - 1.40 
Females 

Year 3 4 5 6 7 8 9 10 11 12 13 14+ C.V. 

1992 0.02 1.0 3.9 0.6 1.0 3.0 1.9 0.7 0.6 0.3 0.4 0.7 1.40 

Table A2-13: Estimated numbers a t  age (millions) on the Chatham Rise, November/December 198'9 (MIX, 
Amaltal Explorer) 

Males 
Year 2 3 4 5 6+ C.V. 

1989 38.3 13.8 5.3 4.4 3.3 0.55 
Females 

1989 39.0 11.8 9.2 7.9 13.7 0.55 

Table A2-14: Estimated numbers at age (millions) on the Sub-Antarctic, October/November 1983 
(otoliths, Shinkai Maru) 

Males 
Year 2 3 4 5 6 7 8 9 10 11 C.V. 

1983 0.08 0.05 5.1 13.9 18.2 13.6 13.7 5.5 4.3 2.6 - 1.50 
Females 

2 3 4 5 6 7 8 9 10 11 12 C.V. 

1983 0.1 0.1 8.4 14.0 18.8 21.7 14.8 7.4 6.4 7.1 3.5 1.50 



Table A2-15: Estimated numbers at age (milIions) on the Sub-Antarctic, October/November 1989-90 
(MIX, Amaltal Explorer) 

Males . 

Year 2 3 4 5 6+ C.V. 

1989 1 .O 0.4 0.9 11.9 5.6 1 .OO 
1990 1.4 3.3 1.2 5.8 4.2 1 .OO 

Females 
1989 1 .O 0.3 0.9 12.5 12.0 1 .OO 
1990 1.1 3.2 1.8 5.4 16.1 1.00 

Table A2-16: Estimated numbers at age (millions) on the Sub-Antarctic, December 1991-93, 2000 
(otoliths, Tangaroa). Given c.v.s are for 2 years and older; for 1 year olds, median C.V. of 1.20 was used 

Males 
Year 1 2 3 4 5 6 7 8 9 10 11+ 

Females 
1 2 3 4 5 6 7 8 9 10 11 12+ 

1991 1.7 0.04 3.8 14.0 1.0 2.2 6.8 3.4 1.8 1.2 0.7 1.9 
1992 1.0 0.6 0.1 0.9 10.1 1.9 5.1 8.1 5.2 1.7 0.9 2.3 
1993 1.1 3.7 0.2 0.8 5.6 7.5 0.7 4.5 7.5 4.6 1.6 2.4 
2000 0.2 0.04 0.7 1.2 1.3 4.3 3.7 5.8 3.1 0.5 0.7 1.2 

Table A2-17: Estimated proportion at age and by sex in the Chatham Rise commercial catch, 1992-98 
(MIX) 

Males 
Year 2 3 4 5 6+ 
1992 0.004 0.001 0.330 0.070 0.014 
1993 0.016 0.004 0.004 0.282 0.030 
1994 0.038 0.117 0.010 0.040 0.173 
1995 0.057 0.180 0.075 0.051 0.084 
1996 0.074 0.220 0.078 0.028 0.023 
1997 0.136 0.119 0.153 0.023 0.015 
1998 0.029 0.260 0.050 0.029 0.056 

Females 
1992 0.005 0.001 0.357 0.129 0.076 
1993 0.022 0.001 0.024 0.480 0.120 
1994 0.047 0.171 0.016 0.054 0.333 
1995 0.070 0.173 0.096 0.088 0.128 
1996 0.074 0.210 0.076 0.023 0.060 
1997 0.166 0.268 0.05 1 0.053 0.0 16 
1998 0.034 0.305 0.083 0.049 0.098 

C.V. 

0.40 
0.61 
0.37 
0.43 
0.37 
0.42 
0.32 



Table A2-18: Estimated proportion at age and by sex in the Sub-Antarctic commercial catch, 1992-98 
(MIX) 

Males 
Year 2 3 4 5 6+ 
1992 0.0004 0.002 0.168 0.050 0.215 
1993 0.0005 0.016 0.165 0.170 0.074 
1994 0.006 0.034 0.027 0.265 0.178 
1995 0.017 0.065 0.088 0.023 0.240 
1996 0.012 0.046 0.228 0.128 0.146 
1997 0.005 0.144 0.182 0.103 0.06 1 
1998 0.01 1 0.190 0.121 0.090 0.111 

Females 
1992 0.001 0.001 0.102 0.059 0.404 
1993 0.003 0.006 0.102 0.134 0.277 
1994 0.007 0.083 .. .0.016 0.162 0.210 
1995 0.015 0.079 0.074 0.001 0.398 
1996 0.012 0.058 0.132 0.100 0.138 
1997 0.003 0.070 0.133 0.119 0.177 
1998 0.017 0.161 0.094 0.082 0.125 

C.V. 

0.34 
0.36 
0.41 
0.5 1 
0.40 
0.46 
0.36 

0.34 
0.36 
0.4 1 
0.5 1 
0.40 
0.46 
0.36 

Table A2-19: Estimated proportion at age and by sex in the west coast South Island commercial catch, 
1988-2000 (spawning season, otoliths) 

Males 
Year 3 4 5 6 7 8 9 10 11 12 
1988 0.0005 0.041 0.060 0.084 0.080 0.051 0.033 0.033 0.038 - 
1989 0.002 0.007 0.073 0.161 0.070 0.061 0.039 0.014 0.024 - 
1990 0.023 0.009 0.028 0.078 0.138 0.047 0.041 0.012 0.025 
1991 0.025 0.135 0.024 0.038 0.072 0.069 0.029 0.013 0.009 
1992 0.002 0.052 0.189 0.019 0.056 0.043 0.026 0.022 0.014 . 
1993 0.003 0.020 0.140 0.227 0.008 0.029 0.017 0.013 0.011 
1994 0.095 0.013 0.029 0.107 0.139 0.008 0.023 0.008 0.006 
1995 0.105 0.146 0.014 0.023 0.060 0.067 0.004 0.017 0.007 
1996 0.136 0.384 0.180 0.011 0.043 0.048 0.047 0.002 0.013 
1997 0.056 0.161 0.134 0.089 0.013 0.018 0.014 0.020 0.001 
1998 0.064 0.089 0.153 0.082 0.046 0.011 0.019 0.020 0.004 
1999 0.058 0.062 0.135 0.072 0.086 0.043 0.007 0.008 0.003 
2000 0.025 0.071 0.043 0.101 0.052 0.067 0.027 0.002 0.007 - 

Females 
1988 0.0003 0.016 0.032 0.052 0.058 0.066 0.045 0.071 0.056 0.061 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

Year 
n 

C.V. 



Table A2-20: Estimated proportion at age and by sex in the Cook Strait commercial catch, 1988-2000 
(spawning season, otoliths). 

Year 
1988. 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

Males 
3 4 5 6 7 8 9 10 11 12 

0.012 0.050 0.052 0.029 0.040 0.029 0.043 0.038 0.028 
0.052 0.096 0.077 0.080 0.032 0.017 0.017 0.022 0.034 
0.049 0.097 0.075 0.086 0.049 0.022 0.042 0.013 0.041 
0.051 0.192 0.109 0.041 .0.045 0.038 0.015 0.011 0.006 
0.016 0.097 0.156 0.024 0.041 0.050 0.020 0.012 0.010 
0.003 0.061 0.189 0.171 0.016 0.022 0.029 0.012 0.007 
0.013 0.037 0.130 0.133 0.149 0.012 0.025 0.009 0.007 
0.026 0.061 0.047 0.065 0.138 0.094 0.010 0.013 0.011 
0.062 0.114 0.074 0.016 0.068 0.076 0.042 0.003 0.005 
0.049 0.109 0.115 0.108 0.015 0.046 0.050 0.029 0.004 
0.126 0.103 0.102 0.031 0.027 0.009 0.029 0.020 0.013 
0.067 0.172 0.096 0.056 0.037 0.020 0.004 0.014 0.017 
0.111 0.065 0.050 0.123 0.067 0.048 0.019 0.013 0.013 

Females 
0.011 0.054 0.066 0.036 0.069 0.051 0.106 0.106 0.082 0.042 

Year 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 
n 50 80 65 95 165 315 220 275 255 325 355 240 270 

C.V. 0.77 0.64 0.69 0.60 0.50 0.42 0.46 0.44 0.44 0.42 0.41 0.45 0.44 



Appendix 3: MlAEL frequency distributions, intervals, and best p estimators 

In this assessment the presentation of MIAEL estimates is different from that used in the past. 
Instead of presenting the range and performance index with the MIAEL estimate, a "99% 
interval" is presented. The interval is constructed from a "MIAEL frequency distribution" which 
is derived from the simulations which were used to determine the best p estimator (Cordue 
2000b). This appendix briefly describes best p estimators and the derivation of "MIAEL 
frequency distributions", from which "intervals" of any specified level of "confidence" can be 
derived. For further details on MIAEL estimation and best p estimators see Cordue (1995, 1998; 
2000a). 

The best p estimator 

For a particular problem, finding a MIAEL estimator from the class of ail estimators is often 
difficult or impossible. To find a MIAEL estimator it is often necessary to construct a restricted 
class of estimators and determine the MlAEL estimator within the class. One way to construct a 
class of estimators is to build it around a standard estimator, derived from a method such as least 
squares or maximum likelihood. This is how "best p" estimators are constructed; they are MIAEL 
estimators within particular classes of estimators built from a "base" estimator. 

for some estimator d(X) where k is the best k estimator (this is a constant within the range of the 
item being estimated; see Cordue (1995, 1998)). The MIAEL estimator in the class P is called a 
best p estimator;.it is derived from the base estimator d(X). Note, both d(X) and k are in the class 
P, corresponding to p = 1 and p = 0 respectively. The MIAEL estimator will correspond to a 
particular value of p. It is usually necessary to perform simulations to determine this value, and it 
is done by minimising a function of p which approximates the Integrated Average Expected Loss 
(see Cordue 1998). In the single dimensional case, for squared error and proportional squared 
error, explicit formulae have been calculated for p in terms of the simulated estimates (Cordue 
2000b). 

Suppose that 8 is the unknown parameter and that g(8) E R is the item being estimated. Suppose 
that g(9) is bounded and its range is split into a number of intervals indexed by i. Within each 
interval mi true values are selected: gv = g(Bu). For each true value, n simulated estimates zuk are 
calculated. From Cordue (2000b), the values of p corresponding to the best p estimators are as 
follows. 

In the case of squared error, 

and for proportional squared error 



where k is the best k estimator and wi is the width of the ith interval. 

MIAEL frequency distributions 
.. - 

The simulations used to determine the best p estimator can be used to construct an "error 
distribution" for the base estimator or, more usefully, for the best p estimator. The error 
distribution can then be applied to the estimate to produce a "frequency distribution" which 
describes the uncertainty associated with the estimate. The method is described below for 
proportional squared error assuming that each interval is of equal width and that an equal number 
of true values are sampled from each interval; the method for squared error is analogous. 

Define the error for the kth simulation at eii as 

where yijk is the corresponding simulated best p estimate. Together the eijk provide an error 
distribution 6 = { egk ). The structural form of the above equation is: 

true - estimate 
error = 

true 

Turning this equation around gives: 

estimate 
true = 

1 - error 

A frequency distribution z= { tiik ) for the true value g(8) can therefore be obtained from the error 
distribution via: 

Y t.. = - 
Yk 1- egk 

where y is the best p estimate of g(8). 

When different numbers of true values have been sampled from each interval it is not appropriate 
to give equal weight to each error in the formation of the frequency distribution. Instead, a 
frequency distribution should be formed for each interval and these should then be combined 
giving each distribution a weight equal to the width of the associated interval. 



Once a frequency distribution has been constructed, it is a simple matter to find a "confidence 
interval" at some specified level of confidence. The only complication to arise is for an item such 
as "stock risk", which is necessarily between 0 and 1. There is nothing in the construction of a 
frequency distribution which means that such bounds are satisfied. It is a moot point whether the 
frequency distribution should be truncated or lumped at the bounds. The results presented in this 
document are all derived from lumped frequency distributions. 



Appendix 4: The least squares estimator 

In general, a least squares estimate is a vector of parameter values which minimises a 
weighted sum of squared differences between the observations and the predicted values (as 
given by the vector of parameters when input into the model). The form of the sum of squares 
used for the least squares estimator in this paper is: 

where K indexes all observed values (individual biomass indices or individual proportions or 
numbers at age and sex), and for k E K, Xk is the kth observation, Pk is the kt. predicted value, 
and wk is the kth weight. The weights for each observation were calculated using the method 
described below. 

Each observation has a "source code": observations with the same source code are 
theoretically derived from the same "source" (e.g., a series of trawl surveys of the Chatham 
Rise in January each year-the source-giving as observations a time series of biomass 
indices, or a time series of biomass indices and a corresponding set of estimated numbers at 
age and sex). Let S be a subset of K which indexes observations with a particular source code, 
then for s E S, 

where u is a specified source weight, y is the number of years for which there are observations 
from the source, c, is a specified c.v., and 

Each observation also has a "q code": observations with the same q code are assumed to 
belong to a relative time series. Let Q be a subset of K which indexes observations with a 
particular q code, then for each j E Q, 

where q is a proportionality constant and ?;. is the predicted value before scaling. The value of 
q which minimises the sum of squares can be found analytically and is equal to: 



The source codes (s), specified source weights (u), median c.v.s, and q codes used in the hoki 
assessment are given below. Note, the WCSI CPUE and acoustic time series were not used in 
the same run. 

Survey area 

WCSI 

Sub-Antarctic 

Southland 

Cook Strait 

Chatham Rise 

~e thod*  Data type Timing Years 

acoustics biomass winter 1988-93,1997,2000 
CPUE biomass winter 1990-2000 

Observers 
(otoliths) catch winter 1988-2000 

non- 
Observers (MIX) catch winter 1992-98 

Shinkai Maru A P ~  1982 
(MIX,  otoliths) numbers Nov 1983 

Amaltal Explorer Nov 1989-90 
(Mur> numbers Aug 1990 

Dec 1991-93,2000 
Tangaroa S ~ P  1992 
(otoliths) numbers Apr 1992, 1996, 1998 

Tangaroa (length 
classes) numbers Feb 1993-96 

acoustics biomass winter 1988,1991-99 

shed sampling 
(otoliths) catch winter 1988-2000 

non- 
observers catch winter 1992-98 

Shinkai Maru Mar 1983 
(otolith, MIX) numbers Jul 1986 

Amaltal Explorer 
@f=) numbers Dec 1989 

Tangaroa 
(otoliths) numbers Jan 1992-2001 

S U C.V. 

* For trawl surveys the vessel name is given with the method(s) of ageing in parentheses. 

The least squares estimator used in the hoki assessment was modified by five penalty 
functions. The first imposed a penalty on predicted values which did not give rise to average 
estimated YCS equal to 1. It was of the form: 



where stocks = (eastern, western), Y, is the average of the estimated YCS for stock s, and my 
is a specified multiplier. In all runs a value of my = 5 was used. 

The second penalty function imposed penalties on predicted values which did not give rise to 
equal proportionality constants between areas for a given "method" (same vessel for trawl 
surveys or acoustics). It was of the fom. 

where methods = (acoustics, Shinkai Mum, Amaltal Explorer, Tangaroa) (acoustics was 
excluded for the CPUE run), "e" denotes the eastern home ground for trawl surveys and the 
eastern spawning ground for acoustics, similarly "w" relates to western grounds, and m, is a 
specified multiplier. In all runs a value of m, = I was used. 

The third penalty, which was introduced for the 2001 assessment, had the same form as the 
second penalty but it penalised differences between the proportionality constants of Tangaroa 
and Shinkai M a n  (within area). A multiplier of 1 was also used. 

In order to smooth the selectivity and vulnerability functions (for the commercial catch and 
trawl survey data respectively) a penalty was applied to non-zero fourth differences (this is 
equivalent to re-parameterising the selectivity and vulnerability functions as third order 
polynomials). 

The penalty function was 

where i indexes the nursery and western home ground fishing selectivities and trawl survey 
vulnerabilities, j indexes the sexes, k indexes age (in years), and A is the forward difference 
operator for a spacing of h = 1 (see, for example, Philips & Taylor 1973). 

The final penalty function imposed penalties on any female selectivities or vulnerabilities 
which were greater than those of the males at the same age: 

where i indexes the nursery and western home ground fishing selectivities and trawl survey 
vulnerabilities, f denotes females, m denotes males, and k indexes the ages (in years) at which 
vg(k) > vd(k) and m, = 10. 


