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1. Executive summary 

The method used by MAF Fisheries to estimate virgin biomass and fishery indicators 
for the western and eastern hoki stocks is described in detail. The estimates are 
presented and briefly discussed, but for a full discussion of the implications of the 
results the reader should see Sullivan et al. (1994). 

The estimation method of Cordue (1993b) is used. In a stock reduction setting 
estimators are constructed which have minimum integrated average expected loss. 
Associated with each estimator is a measure of its reliability, termed an information 
index. 

Three future TACC levels are considered: 200 000 t (the current level), 250 000 t, and 
300 000 t. The increased TACC levels are examined under two catch splits: increased 
catch only on the west coast South Island, during the spawning season; and a 
proportional increase in catch throughout the year and across all fishing grounds. 
These combinations give rise to a total of five policies. 

The estimates of stock and fishery risk are shown to be unreliable for all policies; the 
estimates have very low infomation indices. However, a consideration of the 
maximum risks associated with each policy gives clear conclusions. For the western 
stock, the status quo policy has very low associated risks over the next 5-6 years and 
the increased TACC policies entail low risks to at least 1998. For the eastern stock, the 
status quo policy is also a very low risk option over the next 5-6 years. However, 
under an increased TACC policy with additional catch from the eastern stock, risks 
are higher and may be large as early as 1997. 

2. Introduction 

This paper describes in detail the derivation of MAF Fisheries' biomass and fishery 
indicator estimates, for the western and eastern hoki stocks, given in Sullivan et al. 
(1994) and Annala (1994). There have been only minor changes from the approach 
used in last year's assessment of the western stock (Cordue 1993b). However, the 
method is applied to the eastern stock for the first time. The two stocks are modelled 
independently. 

There are three main components in the estimation procedure: the population model; 
the unknown parameters; and the estimators. The population model has the same 
structure as that used last year, but the steepness parameter of the stock-recruit 
relationship has been updated (Punt et al. 1994). MIAEL estimation has again been 



used ("MIAEL" stands for "minimum integrated average expected loss" and is a 
property of the estimators used in the assessment). The unknown parameter set of 
the model consists of virgin biomass (B,), a number of year class strengths, and a two 
parameter recruitment and maturity ogive. The ogive parameters and the year class 
strengths are estimated by a least squares procedure and are assumed known when 
MIAEL estimation is used to estimate B, and functions of B, (e.g., stock and fishery 
risk). 

The estimation procedures use relative biomass indices from a number of sources 
(catch per unit effort analysis, acoustic surveys, and trawl surveys), and quasi 
age-frequency data obtained from modal analysis of length frequencies of the 
commercial catch. The estimation procedure operates in a stock reduction setting 
using, to a certain extent, the goodness of fit between observed indices and predicted 
model outputs to estimate the unknown parameters. The degree of influence the fit 
between observed and predicted values has on the estimates depends on the number 
and precision of the available indices. MIAEL estimators are constructed to have the 
"best" average performance given the quantity and quality of the data. An important 
advantage of MIAEL estimation is that a measure of the information content of the 
data can be determined for each fishery indicator. This measure, termed an 
information index, varies from indicator to indicator depending on the amount of 
improvement in the MIAEL estimator when the observed indices are used in the 
estimation procedure. 

Some time after the hoki stock assessment had been completed it was found that the 
wrong proportion at age (see Section 3.3.3) had been used for the west coast 5 year 
old males in 1993 (0.376 was used instead of 0.241). This error had a small effect on 
the year class strength estimates for the western stock, but made little difference to 
the subsequent biomass and risk estimates. Therefore, the extensive calculations 
involved in the assessment have not been repeated for the corrected data set. 

3. Methods 

The western and eastern stocks have been modelled separately using essentially the 
same method. This is the first year that a full stock reduction and risk analysis has 
been performed for the eastern stock. However, in previous assessments the two 
stocks were also modelled separately. Implicit in the separation of the stocks is a 
stock hypothesis which assumes "stock fidelityw-the assumption that a fish spawned 
by adults from one stock becomes a part of that same stock. 

3.1 Population model 

The structure of the population model is the same as last year (Cordue 1993b): a 
two-sex, age-structured model, with concurrent natural and fishing mortality during 
a pre-spawning season, and the spawning season catch removed as a point mass 
(during an instantaneous spawning season). "Mid-season" is defined as the point in 
the spawning season when half the catch has been removed. Maximum possible 



fishing mortalities are defined for the spawning and pre-spawning seasons: 80% of 
the spawning biomass and 60% of the pre-spawning season biomass. There is a 
complication for the western stock as there is a closed area on the west coast, see 
Cordue et al. (1992). 

Where possible, biological parameters were estimated separately for each stock. 
However, data for the eastern stock are relatively scarce, and where estimates of 
parameters for the eastern stock differed from the estimates for the western stock the 
differences were not considered significant. As the two stocks share a good portion 
of their life history (they have a common nursery ground) the Hoki Working Group 
(HWG) decided to use the western biological parameters for both stocks (Table 1). 
The steepness parameter for the stock-recruit relationship was updated from 0.75 to 
0.90 by the HWG after considering parameters used for haddock stocks (Punt et al. 
1994). 

3.2 Estimation procedure 

The MIAEL estimation technique used in last year's assessment (Cordue 1993b) was 
applied with a minor variation. The set of unknown parameters consists of virgin 
biomass, year class strengths, and a two parameter recruitment and maturity ogive. 
The least squares procedure of Cordue (1993a) was used to estimate all the unknown 
parameters. The least squares estimate of virgin biomass was disregarded, but the 
remaining estimates were used to establish an updated population model with only 
one unknown parameter (virgin biomass). The MIAEL estimation procedure was then 
applied to the one parameter model to estimate virgin biomass, fishery indicators, 
and their associated information indices (a measure of the reliability with which the 
estimate is determined within its known range). 

MIAEL estimation requires the specification of a (estimation) loss function for each 
value which is to be estimated. As for last year, the loss functions used were: squared 
error for all probabilities (e.g., stock risk), and proportional squared error (Cordue 
1993b) for all biomasses (e.g., virgin biomass). 

Also, to determine MIAEL estimators a specific class of estimators must be searched. 
The class used this year was used last year in a sensitivity analysis (Cordue 1993b). 
Suppose a fishery indicator, with associated function f, is to be estimated. The class 
to be searched for the MIAEL estimator is: 

where f maps onto [f,, ,fm,,], B,' is the least squares estimate of B, (in the single 
parameter model), and bestk( ) returns the best constant estimator (for a given 
definition of loss) for the given range (for squared error, the best constant estimator 
is simply the mid-point of the range). This is a one parameter class of estimators 
which includes the least squares estimator (p = 1) and the best k estimator (p = 0). It 
includes the two MIAEL estimators at the extremes of information content (best k 
when there is none, and least squares when it is complete) and a continuous set of 



estimators in between. It is therefore a good class of estimators to consider when 
searching for one which is near optimum in a global sense. The MIAEL estimator 
within P is denoted variously, within this document, as the best p estimator, or simply 
the MIAEL estimator. 

3.3 Model input data 

Data from a range of sources were used in each model to determine the least squares 
estimates of the unknown parameters in both the initial multi-parameter model and 
the final single parameter model. The quantity and quality of the data were used in 
simulations to determine the MIAEL estimators (i.e. the existence of the observations 
in particular years and their c.v.s, rather than the actual observations). 

3.3.1 Catch history 

The catch histories for the western stock (Table 2) and eastern stock (Table 3) are 
from Sullivan et al. (1994). The figures for 1994 are an estimate agreed upon by the 
HWG. Corrections have been applied to each stock's catch history to account for the 
western fish caught on the Chatham Rise (as the Rise is the shared nursery ground 
of the two stocks). 

3.3.2 Biomass indices 

Biomass indices have been used from three sources: acoustics surveys, catch per unit 
effort analysis, and trawl surveys (see Sullivan et al. (1994) for details). The acoustic 
surveys supply relative indices of mid-season spawning biomass and, for the western 
stock, estimates of the average proportion of hoki outside the 25 nautical mile closed 
area on the WCSI (Table 4). The latter estimates are used as an availability index to 
adjust the western catch per unit effort indices (the raw index is divided by the 
availability index). The cpue indices (adjusted for the western stock) are used as a 
relative index of mid-season spawning biomass. 

The trawl survey indices were constructed using catch rate and length frequency data 
obtained during trawl surveys of the adult home grounds (western stock: Southern 
plateau, eastern stock: Chatham Rise). Modal analysis of the length frequency 
distributions from each survey was done to estimate relative numbers at age (Sullivan 
et al. 1994). These data were then used (with mean length at age, spread of length at 
age, and the length weight relationship) to calculate an end of season index of fish 
aged 5 years or older. 

The HWG assigned each index a median "coefficient of variation" to reflect the 
relative reliability of the indices as measures of abundance: in calculating the least 
squares estimates, each index was given a relative weighting inversely proportional 
to the square of its coefficient of variation. The assignments (Tables 5 and 6 )  were the 
same as in previous years with the acoustics indices being assigned 0.25 (with an 



adjustment between years for the number of snapshots as in Cordue et al. (1992)), the 
cpue indices 0.35, and the trawl indices 0.25. 

3.3.3 Age frequency data 

Age frequency data obtained from length frequencies using the software package 
"MIX (Sullivan et al. 1994) are given in Tables 7 and 8. The observed age frequencies 
were used as relative indices of proportion at age in the spawning stock and were 
assigned median c.v.s of 0.40 (for the western stock) and 0.50 (for the eastern stock), 
adjusted between years by the number of tows sampled (in the same way that the 
c.v.s of the acoustic indices are adjusted for the number of snapshots). The indices 
were used in a relative rather than absolute sense, so that only the relative size of 
annual proportions could affect the parameter estimates. (This meant that no 
assumptions about catchability at age had to be made-if used as absolute indices, 
a catchability ogive would had to have been assumed.) 

4. Results and discussion 

4.1 Model ogive 

A two parameter spawning and recruitment ogive was estimated for the western 
stock by a least squares procedure (Cordue 1993a) fitting simultaneously virgin 
biomass, a number of year class strengths, and the ogive. In each model (western and 
eastern) the maturity and recruitment ogives are assumed to be identical. Also, it is 
assumed that 2 year old males are all unrecruited, 5 year old males are fully 
recruited, and that the male and female ogives are identical except that females 
recruit 1 year later than males. Therefore, the ogives are fully determined if the 
proportions of recruited 3 and 4 year males are established. 

As the fitting procedure requires that the years for which year class strengths will be 
estimated is known, and the method to determine which years are to be fitted 
requires an ogive, an iterative procedure was used. First, the ogive parameters used 
in last year's assessment (0.1, 0.4) were used to determine that year class strengths 
should be estimated for the years 1985-89 (see Section 4.2 for the method). The new 
ogive parameters were then estimated (together with the 1985-89 year class strengths) 
and found to be unchanged (see Table 1). 

The estimated ogive parameters for the eastern stock differed slightly from the 
western estimates. However, the differences could easily be attributed to statistical 
error rather than to differences between the stock parameters. The HWG decided it 
was better to use the western estimates for both stocks. 



4.2 Year class strength 

Western stock 

A least squares stepwise procedure was used to estimate the year class strengths. The 
number of free years was increased in turn from 1 to 5, including as a free parameter 
at each stage the single year which gave the greatest reduction in the total sum of 
squares (Table 9). The estimated year class strengths for 1985 to 1989 were: strong in 
1987 and 1988 and weak in the other years (Table 9). 

Eastern stock 

The estimation of year class strengths for the eastern stock was complicated by 
concerns over whether or not the cpue index should be included in the analysis. The 
highly aggregated nature of fish in the Cook Strait fishery raises doubts over whether 
the cpue index really is tracking spawning biomass, and these doubts were 
compounded when the actual observations showed an apparently contradictory trend 
to that of the acoustics index. In particular, from 1992 to 1993 the acoustics index 
increased by a factor of almost 5, but the cpue index decreased slightly (see Table 6).  

To determine whether the two indices were contradictory (which would require the 
cpue index to be excluded from the analysis) it was necessary to determine a 
plausible range of "realities" (i.e., true parameter values) so that simulations could be 
done. Two estimations of year class strength were done: one excluding the cpue index 
from the process (Table 10) and the other excluding the acoustics index (Table 11). 
Both estimations gave strong year classes in 1987 and 1988, and a weak year class in 
1986. However, the estimates derived using the acoustics index were about twice 
those derived when the cpue index was used. 

Simulations were performed for a range of true parameter values (between the 
extremes estimated by the two procedures above) and the results showed that the 
indices were not necessarily contradictory (Appendix 1). Therefore, both indices were 
included in the analysis and year class strengths were estimated: 1986-88, respectively 
weak, strong, and very strong (Table 12). 

Future year class strengths 

The level of recruited hoki biomass which can be expected in future years depends 
strongly on the year class strengths of cohorts which are yet to enter the commercial 
fishery. Data from trawl surveys of the Chatham Rise contains information on the 
strengths of unrecruited cohorts (1 and 2 year old fish). Sullivan et al. (1994) analysed 
trawl survey results for 1991 to 1993 to obtain observed numbers at age, by sex, for 
1 and 2 year old hoki. The data were combined with biomass trajectories from the 
western and eastern stocks in an attempt to estimate the year class strengths for 1990 



to 1992 (Appendix 2), assuming that year class strengths were identical for both 
stocks. 

The year class strengths could not be estimated absolutely, but the estimates were 
always in roughly the same proportions: S, = 0.5 * k, S,, = 5.0 * k, and Sg2 = 2.5 * k, 
where k is unknown. The HWG chose a baseline value for k of 0.7, on the basis that 
the 1991 cohort was of the same strength as the 1987 western cohort. 

The simplest assumption is that future year class strengths will be the same for both 
stocks. There is some support for this from the estimates of historical year class 
strengths (Table 13). For both stocks the estimated strength in 1986 is below average, 
and the estimated strengths in 1987 and 1988 are above average. However, there are 
also large differences in the magnitude of the estimates, most notably for 1988 when 
the eastern year class strength is estimated to be four times larger than the western 
year class strength. 

4.3 Virgin and current biomass 

Virgin biomass is the only unknown parameter in the models for which MIAEL 
estimation is carried out. All other objects of interest (current biomass, fishery 
indicators) are functions of B,. To perform MIAEL estimation of B, (and functions of 
B,) a finite range must be specified which contains the true value of B,. The lower 
point of the range is a natural product of the model: the minimum virgin biomass 
which would have enabled the historical catch to have been taken. This value is 
denoted B,,. The upper point of the range (B-) is, by necessity, a subjective 
estimate, a value greater than the largest conceivable virgin biomass. 

Western stock 

The MIAEL estimates of virgin biomass (B,) and "current" biomass (Bk& are glven 
in Table 14 with their information indices. These figures, when multiplied by a 
constant (different for each), provide estimates of MCY and CAY respectively. The 
resulting estimates are also MIAEL estimates (Cordue 1993b) and have the same 
informa tion indices. 

The information indices are about 20% which suggests that the estimates are of some 
use in pinpointing the unknown values within their assumed bounds. The least 
squares estimates are well to the left of the best k estimates. The MIAEL estimates, by 
necessity, lie between the two. 

Eastern stock 

The estimation of virgin biomass for the eastern stock was complicated by concerns 
that the range used for B, was inappropriate. Surprisingly the problem is not with the 
subjective estimate of B,, (1 million t), but with the model-determined value of B,, 



(0.11 million t). B,, is meant to be an inclusive lower bound for B,. However, when 
the acoustics index for Cook Strait is compared with the spawning biomass trajectory 
originating from B,, , the estimated scaling constant of the acoustics index is an 
impossibly large 5.54. This value is inconsistent with the estimated acoustic scaling 
constant for the western stock (0.4), and is well outside the range of values 
considered plausible by the HWG. 

This observation is important as the lower bound of the B, range has a potentially 
strong effect on the estimates of B, and the fishery indicators (e.g., stock risk). 
Alternative approaches were therefore explored. 

The HWG decided it might be appropriate to use the estimated acoustic scaling 
constant (the "acoustic q") for the western stock to derive an "absolute" acoustic index 
for the eastern stock (simply by dividing the eastern acoustic index by the estimated 
scalar). This was attempted and the effect of using different scalars and assuming 
different c.u.s for the "absolute" acoustic index was explored. The least squares 
estimates of B, and the year class strengths for 1986 to 1988 were calculated first 
under different assumptions (Table 15). The estimated year class strengths were not 
sensitive to changes in C.U. or the assumed q. However, the least squares estimates of 
B, were critically sensitive to the assumed q. As this effect was likely to feed through 
into the MIAEL estimates of B,, two alternative models were considered: q equal to 
0.4, or 0.8, with year class strengths compatible with the assumed values of q 
(Table 16). 

The MIAEL estimates of B, were very sensitive to the model assumptions (Table 17). 
Despite using large c.u.s of 0.60 the "known" q largely determined the estimate of B,. 
The strength of the assumption of having an absolute index of abundance is shown 
by the very high information indices (86%) associated with the model estimates of B, 
when compared with the information index (14%) of the relative index model 
(Table 17). 

As the acoustic scalar for the western stock was not well determined and could be 
different from the scalar for the eastern stock, the sensitivity of the estimates to an 
assumed value caused the HWG to pursue another approach: to adjust the lower 
bound of the B, range. The value Badj = 0.2 million t was used. It was determined by 
choosing that level of virgin biomass which had an estimated acoustic scaling 
constant approximately equal to the upper 95% confidence bound of a Bayesian prior 
on the acoustic scalar (M. K. McAllister, Fisheries Research Institute, University of 
Washington, pers. comrn.). 

The MIAEL estimates of B, and BkP5 for the eastern stock using the adjusted range 
are given in Table 18. The informahon indices are very low (2%) indicating that the 
values are not well determined within their ranges. The restriction in the range 
caused a large drop in the information index of the B, estimate (from 14% to 2%). 
This was somewhat unexpected. It means that when the interval [I10 000 t, 200 000 t) 
is excluded from the range the efficiency of the MIAEL estimators (relative to the best 
k estimators) is substantially reduced. This effect is explored later in the document 
in section 4.5.3. 



4.4 Fishery indicators 

For five fixed target catch policies (Table 19) a number of fishery indicators were 
estimated. The policies examined include the status quo policy (a 200 000 t TACC, 
split between western and eastern stocks, and spawning and pre-spawning seasons, 
as in 1992-93) and two increased TACC policies (an increase of 50 000 t, or 100 000 t), 
split between stocks and seasons in each of two ways: either all of the increased 
TACC being targeted on the WCSI; or being split in the same proportions as in 
1992-93. 

The main fishery indicators considered were: 

P ( B ,  < 0.2B0) where B,, = minimum { B,, ... ,B, ) 

The probability of the mid-season biomass falling below 20% of the virgin 
level in any year from 1994 to 1999. Termed the stock risk. 

The probability that in any year from 1994 to 1999 the catch will be less than 
80% of the target catch. Termed the fishery risk. 

P(B,, 2 BcAy) where BcAy = 31%Bo 

The probability that the mid-season biomass in 1999 will be at or above the 
biomass level corresponding to uCAy (see Sullivan et al. 1994). 

E(Bl,/BcAY) 

The expected mid-season biomass in 1999 as a proportion of BcAp 

The expected mid-season biomass in 1999 as a proportion of virgin biomass. 

In addition, annual stock and fishery risks were estimated in some cases (see below). 

Western stock 

The range of each of the five indicators was calculated for each of the five policies 
(Table 20). Risks differ little at B,, and B,,, for most of the polices; the only exception 
being fishery risk under Policy 3 (0.00-0.33). The MIAEL estimates of the indicators 
were calculated for the status quo policy (Table 21) and the two 100 000 t increased 
TACC policies (Tables 22 and 23). Policy 3 has the greatest impact on the western 
stock (a 100 000 t increase in target catch from the WCSI), but even for this policy the 



estimated indicators are optimistic: stock risk is low (0.04), fishery risk is moderate 
(0.14), and the stock size is expected to be well above the target level (Bay). 

The information indices are not high, for any of the indicators, but the values of the 
indicators at B,, (a worst case scenario), even for Policy 3, are still reasonably 
optimistic (see Table 22). The only possible concern is the high fishery risk (0.33) but 
the annual fishery risk becomes large only in 1999 (Table 24). 

The expected spawning biomass trajectories look very optimistic, even from B,,,, 
(Figure 1). Under Policy 3 the expected biomass does decline from 1997, but in 1999 
the biomass is expected to be above 40% B,. 

The fishing industry is concerned about the effect of increased catches on the size of 
fish being caught in future years; in particular the proportion of fish which are large 
enough to be filleted (roughly those 74 cm in length or longer; see Cordue (1993b) for 
the exact definition). A worst case scenario can be examined by comparing, between 
policies 1 and 3, the proportion of fish available for filleting at B,, (Table 25). For a 
given year there are only small differences in the proportions (1% to 4%) 

Eastern stock 

MIAEL estimates of the fishery indicators were calculated for the status quo policy 
(Policy 1) and the 100 000 t increased TACC policy which affects the eastern stock 
(Policy 5). The information indices are approximately 0% for every indicator under 
either policy. However, the range of the indicators can be used as a guide to the 
likely effect of each policy on the stock. The status quo policy is a very low risk 
option: fishery risk is 0.00, and stock risk is at most 0.06 (Table 26). Policy 5 involves 
greater stock and fishery risk (Table 27), but the annual risks do not become large 
until 1999 (Table 28). 

The expected spawning biomass trajectories (Figure 2) also indicate that risks are not 
large until 1999, and then only under Policy 5 if virgin biomass is near Bn4 (i.e., at the 
lower end of the plausible range). 

4.5 Sensitivity analysis 

Many assumptions have been made to derive biomass and risk estimates. The 
consequences of alternative parameter values and modelling decisions are presented 
in this section. 

4.5.1 Individual biomass time series 

In the baseline analyses, the full sets of biomass indices were used in the estimation 
procedures. In this section, the least squares estimates are given for when individual 
time series are combined with the age frequency data, and for the age frequency data 



alone. These 
contribute to 

The western 

estimates give a useful insight into how the individual time series 
the pooled estimates of year class strength. 

biomass time series have similar trends (Figure 3): the cpue and 
acoustics indices both decline and then rise, and the trawl index rises over the same 
period that the others do. However, the cpue index has a much steeper decline and 
a less dramatic increase than the acoustics index. (Note: the trawl index is not directly 
comparable to the other two time series as it is tracking an end of season biomass 
rather than the mid-season spawning biomass.) The least squares estimates of 
biomass and year class strengths from the individual time series reflect these trends. 
Used alone, the age frequency data give a low estimated virgin biomass with weak 
year classes in every year (1985-89), except for 1987 when an above average year 
class is estimated (Table 29). When any of the time series are used with the age 
frequency data the 1987 and 1988 year classes are estimated to be strong (while the 
other years remain weak). There is a trend of increasing year class strength estimates 
(and virgin biomass) from age frequency alone, to cpue, to trawl, and acoustics. 

The eastern time series have different individual trends (Figure 4): the cpue index 
trends downwards over the period, but the acoustics index rises sharply from 1992 
to 1993. The trawl index, though not directly comparable, also shows a strong 
upward trend (from 1991 to 1993). The age frequency data used alone give strong 
year class estimates in 1987 and 1988, with a weak year class in 1986 (Table 30). 
When included, the individual time series give qualitatively similar estimates of year 
class strength, with the cpue and trawl time series giving very similar results. The 
inclusion of the acoustics index has a marked effect, producing very high estimates 
of year class strength for 1987 (5.1) and 1988 (13.6). 

4.5.2 Maximum possible level of virgin biomass 

To determine MIAEL estimators of virgin biomass (and fishery indicators) an upper 
bound for virgin biomass, Bmx, must be specified. The lower bound for virgin 
biomass, B,, , is a product of the model (being the smallest virgin biomass which 
enables the historical catches to be taken), but B,, is a subjective estimate. A bounded 
range is required to enable integrated average expected loss to be calculated for 
estimators, so that they can be ranked by it and the MIAEL estimator determined. 

The sensitivity of best k and MIAEL estimates of B, to the value of B,,, for the 
western stock is shown in Table 31. The baseline value of B,, is 3 million t, and 
although the best k estimates of B, show some sensitivity, the MIAEL estimates are 
less sensitive (ranging from 1.5 to 1.7 million t as B,,, ranges from 2 to 3 million t). 

The MIAEL estimate of B, for the eastern stock will be more sensitive to B,,, as the 
information index is low (2%). As the index is so low, it will behave essentially as the 
best k estimator (Table 32). 



4.5.3 Adjusted minimum biomass 

For the eastern stock, the B, range was adjusted at the lower end (Section 4.3) and a 
value of Bad,. = 200 000 t was used instead of B,, = 110 000 t. The choice of B,,,. has a 
major effect on the fishery indicator estimates, and particularly the indicator values 
at the lower end of the B, range (i.e., at Bq). Stock and fishery risk at BOdi change 
substantially from 150 000 t to 250 000 t (a 25% variation from the baseline), varying 
from almost 1.00 to 0.00 for Policy 5 (Table 33). However, the year in which the 
annual risks become large is not as sensitive to Bg (Table 34): under Policy 5, even 
at 150 000 t, the risks do not exceed 10% until 1997. 

The adjustment of the lower end of the B, range reduced the information index for 
the B, estimate from 14% to 2%. The reasons for this are not entirely clear, but it 
probably has most to do with the reduction in the size of the range and the 
effectiveness of relative indices to detect the effect of catches on different levels of 
biomass. For instance, one would expect relative indices to contain more information 
for a low true virgin biomass than for a high true virgin biomass (relative to the size 
of the catches). Hence, one would expect a greater reduction in the information index 
if a B, range were reduced at the lower end than if it were reduced at the higher end. 

The proportional mean squared error functions for the best k estimators and the 
MIAEL estimators of B, are shown for the original (using B,,) and reduced (using 
Bd> ranges in Figure 5. It may be that the MIAEL estimator over the full range is able 
to do better than the best k estimator from 400 000 t to 1 000 000 t, without doing too 
much worse over the rest of the range, because of the effectiveness of the relative 
indices between 110 000 t and 200 000 t. Because the restricted range eliminates an 
interval where the relative indices are most effective, the MIAEL estimator over the 
restricted range cannot achieve a similar type of improvement over its best k 
estimator. 

4.5.4 Year class strengths 

The year class strengths used in the model were estimated by least squares 
procedures (different for the historical year class strengths and the future year class 
strengths). None of the estimates can be considered extremely accurate, and the 
future year class strengths have a subjective component in their estimation. It is 
therefore important to examine the effect of different year class strengths on the 
estimates of fishery indicators and virgin biomass. 

Western stock 

Two alternative series of year class strengths were considered for the western stock 
(Table 35). These were derived by multiplying each estimated year class strength, in 
the baseline, by 4/7 (to get the "low" values) or 10/7 (to get the "high" values). This 
adjustment is consistent with the values suggested for k by the HWG to be used on 
the future year class strengths (i.e., 0.7 + 0.3, see Section 4.2). 



The use of the low year class strengths had a major effect on the results: a much 
larger MIAEL estimate of B, (Table 36), and greatly increased risks at Bmin (Tables 
37 and 38). The ranges of the risks are large, but the stock risk (in particular) is 
reasonably well determined (information index = 31%) and is only a moderate 20% 
(Table 39). Unfortunately the greatest annual risks occur in 1995 (Table 38). This is 
after the strong 1987 and 1988 year classes have been fished down, but before the 
strong 1991 year class fully recruits. 

Eastern stock 

The B, range for the eastern stock was adjusted before calculating MIAEL estimates 
and fishery indicator ranges. However, the year class strengths were not re-estimated 
with B,, replaced by Bdf When this is done the estimated year class strengths are 
lower and the estimated risks are higher (Table 40). However, the annual risks at BW 
under any of the five policies, do not become large until 1998 (Table 41). 

Sensitivity of the results was also examined for different future year class strengths, 
in combination with the two historical year class strength estimates. Combining the 
historical estimates ("low" or "high) with the three options for future year class 
strengths (k = 0.7 -c 0.3: "low", "medium", "high") gives six different models. Annual 
stock and fishery risk, for Policy 5, were calculated at Bad,. for each of the models 
(Figures 6 and 7). Compared to the results of the previous model (high historical and 
medium future recruitment) the risks are higher for the low future recruitment 
models and the medium future recruitment with low historical recruitment. In 
particular, stock risk is almost 60% in 1997 for the low, low model (Figure 6). 

4.5.5 Biological parameters 

A number of biological parameters used in the model are not well estimated so it is 
important to examine the effect of alternative values within plausible ranges. This 
was done for five different parameters: natural mortality; percentage spawning (the 
maximum for any age class); steepness (a stock-recruitment relationship parameter); 
recruitment variability; and (for the western stock) future availability (mean 
percentage outside the closed area). For each stock, annual stock and fishery risk at 
Bmin (Bod, for the eastern stock) were calculated for the policy which had the largest 
effect on the stock (Policy 3 for the western stock, and Policy 5 for the eastern stock). 
The eastern stock was analysed using the year class strengths re-estimated after 
adjusting the B, range. 

For the western stock, none of the alternative parameter values markedly increased 
annual stock or fishery risk until 1998 and 1999 (Figures 8 and 9). The parameters 
which had the greatest effect were natural mortality, steepness, and the percentage 
spawning. 

For the eastern stock the only parameter to have any substantial effect on the annual 
risks was natural mortality. The lower natural mortality parameter gave substantially 



higher risks (Figures 10 and 11) which became large as early as 1997 (particularly.for 
stock risk). Higher natural mortality reduced the risks substantially. 

5. Conclusions 

The information indices for most indicators in the baseline and sensitivity analyses 
are low. This is especially true for the eastern stock, where most information indices 
are close to 0%. However, the range of many indicators is very restricted, and most 
indicators for most policies have optimistic values even at the low point of their 
range. 

The status quo policy is a very low risk option: only at B,, (Bg for the eastern stock) 
are there even small risks; and the annual risks become non-zero only in 1998 or 
1999. A 300 000 t TACC involves different risks for the western and eastern stocks 
depending on where the extra catch is taken. If all of the extra catch is taken from the 
WCSI (Policy 3), then under baseline assumptions, the risks for the eastern stock stay 
very low and the risks for the western stock become moderate (with low annual risks 
until 1998). If some of the extra catch is from Cook Strait and on the Chatham Rise 
(as in Policy 5), then under baseline assumptions, the risks for the western stock are 
low to moderate and the annual risks for the eastern stock may become large in 1998. 

The sensitivity analysis showed that the risk estimates were most sensitive to the 
estimated year class strengths (both historical and future), and to a lesser extent 
natural mortality. If the year class strengths, or natural mortality, have been 
substantially over-estimated, the risks may be much greater for both stocks. However, 
under most plausible scenarios the annual risks do not become large until 1998 (for 
the western stock) and 1997 (for the eastern stock). 
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Table 1: Biological parameters used for the western and eastern hoki stocks. 

Male Female 

Natural mortality 0.30 0.25 

Growth parameters 

Length-weight relationship 

Steepness SRR = 0.9 
Recruitment variability (rsd) = 0.65 
Plus group: 20 years and older 
Proportion spawning = 70% 

Proportion mature at each age (recruitment is assumed to coincide with maturity). 
The parameters (0.1, 0.4) were estimated for the western hoki stock, to one decimal 
place, by a least squares fit (in the model with the five year class strengths--see 
Table 9). 

Age Male Female 



Table 2: Catch history for the western stock (figures for 1994 assumed, '000 t). 
The addition to the pre-spawning season catch is an estimated 
correction for the western hoki caught on the Chatham ~ise*. 

Pre- 
Year spawning 

1972 0 + 1 

1973 0 + 1 

1974 0 + 1 

1975 0 + 8 

1976 0 + 9 

1977 0 + 9 

1978 0 + 1 

1979 0 + 1 

1980 0 + 2 

1981 0 + 2 

1982 0 + 2 

Catch Catch 

Spawning 

5 

5 

5 

10 

30 

60 

5 

18 

20 

25 

25 

Pre- 
Year spawning 

1983 0 + 2 

1984 0 + 2 

1985 0 + 2 

1986 0 + 4 

1987 0 + 4 

1988 0 + 4 

1989 5 + 1 

1990 8 + 3 

1991 1 + 3 

1992 27 + 16 

1993 24 + 7 

1994 25 + I1 

Spawning 

30 

40 

34 

82 

158 

240 

192 

175 

164 

112 

' 102 

105 

* 
The correction is equal to 0.5 * (1 - pi) * CR, where CR, is the hoki catch on the 
Chatham Rise in year i, and pi is the estimated proportion of the catch which 
consisted entirely of eastern hoki. This proportion was estimated in 1992 
(0.365) and 1993 (0.695) from length frequency data (using fish >= 70 cm as 
eastern fish-approximately >= 5 yrs old). In all other years the average 
proportion (0.530) was applied. 



Table 3: Catch history for the eastern hoki stock (figures for 1994 assumed, 
'000 t). The subtractions from the pre-spawning season catch are 
corrections to allow for the western hoki caught on the Chatham Rise 
(see Table 2). 

Catch Catch 

Year 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

Pre- 
spawning Spawning 

4 - 1  0 

4 - 1  0 

6 - 1  0 

36 - 8 0 

37 - 9 0 

38 - 9 0 

3 - 1  0 

6 - 1  0 

8 - 2  0 

8 - 2  0 

7 - 2 0 

Pre- 
Year spawning 

1983 10 - 2 

1984 10 - 2 

1985 10 - 2 

1986 17 - 4 

1987 17 - 4 

1988 15 - 4 

1989 6 - 1 

1990 13 - 3 

1991 13 - 3 

1992 49 - 16 

1993 46 - 7 

1994 45 - 11 

Spawning 

0 

0 

0 

0 

0 

0 

7 

14 

27 

27 

23 

25 

Table 4: Proportion of fish available to the WCSI fleet (mean proportion outside 
the 25 nautical mile closed area) 

Mean % 
Year outside 



Table 5: Biomass indices for the western stock. The acoustics index is adjusted 
for species mix. The CPUE index is adjusted for mean proportion 
outside the closed area. The c.v.s are those used in the model. The 
acoustic c.v.s were determined by weighting a median C.V. of 0.25 
according to the number of snapshots (Cordue et al. 1992). 

Year 

Season timing 

Type of biomass 

Acoustics 
index C.V. 

- - 
274 0.31 
171 0.24 
160 0.22 
259 0.27 
218 0.31 
383 0.22 

mid season 

recruited 

CPUE 
index C.V. 

1.74 0.35 
1.00 0.35 
1.06 0.35 
0.78 0.35 
0.63 0.35 
0.70 0.35 
0.94 0.35 

mid season 

recruited 

Trawl 
index C.V. 

end of season 

5 yrs or older 

Table 6: 

Year 

1988 
1989 
1990 
1991 
1992 
1993 

Biomass indices for the eastern stock. The c.v.s are those used in the 
model. The acoustic c.v.s were determined by weighting a median C.V. 
of 0.25 according to the number of snapshots. 

Acoustics CPUE Trawl 
index C.U. index C.V. index C.U. 

Season timing mid season mid season end of season 

Type of biomass recruited recruited 5 yrs or older 



Table 7: Age frequency data for the western stock (obtained from length mode 
analysis using MIX on WCSI length frequencies). The c.v.s were 
obtained by weighting a median C.U. of 0.40 according to the number of 
tows sampled (in the same manner as the median acoustic c.v. of 0.25 
is weighted by number of snapshots). 

Proportion at age 

Year 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

C.U. 

0.79 

0.61 

0.38 

0.40 

0.38 

0.36 

0.40 

0.43 

Tows Male 

4 5 

55 0.068 0.103 

104 0.115 0.188 

470 0.110 0.245 

371 0.000 0,108 

487 0.019 0.000 

574 0.274 0.071 

375 0.058 0.453 

294 0.000 0.376. 

Female 

4 5 

0.076 0.030 

0.014 0.086 

0.026 0.087 

0.000 0.080 

0.001 0.000 

0.073 0.027 

0.056 0.324 

0.000 0.179 

a This number was used in error. The correct estimate from Sullivan et al. (1994) 
is 0.241 

Table 8: Age frequency data for the eastern stock (obtained from length mode 
analysis using MIX on Cook Strait length frequencies). The c.v.s were 
obtained by weighting a median C.U. of 0.50 according to the number of 
tows sampled (in the same manner as the median acoustic C.U. of 0.25 
is weighted by number of snapshots). 

Proportion at age 

Year C.U. Tows Male Female 



Table 9: Western stock: least squares estimates of virgin biomass (BJ and year 
class strength for 0-5 free years. The percentage improvement is that in 
the total sum of squares from the previous step. 

Estimated 
No. of virgin biomass 
free years ('000 000 t) 

0 2.24 

1 1.06 

2 1.06 

Years 

1987 

1987 
1988 

1985 
1987 
1988 

1985 
1986 
1987 
1988 

1985 
1986 
1987 
1988 
1989 

Estimated 
year class 

strength 

3.8 

3.7 
2.0 

0.3 
3.7 
2.0 

0.2 
0.4 
3.5 
2.1 

0.2 
0.4 
3.5 
2.0 
0.2 

Total sum 
of squares 

55.2 

23.4 

20.6 

17.5 

Percent 
improvement 

Table 10: Eastern stock: least squares estimates of virgin biomass and year class 
strength for 0-3 free years when the cpue index is excluded. The 
percentage improvement is that in the total sum of squares from the 
previous step. The 1989 year class was excluded from the estimation 
procedure as the high estimate was contradictory to the age frequency 
data (it is an artifact of the large jump in the acoustics index from 1992 
to 1993). 

Estimated 
No. of virgin biomass 
free years ('000 000 t) 

rejected: 

3 

Years 

1988 

1987 
1988 

1987 
1988 
1989 

1986 
1987 
1988 

Estimated 
year class 

strength 

8.83 

6.69 
10.48 

6.25 
9.84 
4.31 

0.49 
6.03 

10.16 

Total sum 
of squares 

41.48 

23.69 

10.94 

10.31 

10.79 

Percent 
improvement 

43 

54 

6 

I 



Table 11: Eastern stock: least squares estimates of virgin biomass and year class 
strength for 0-4 free years when the acoustic index is excluded. The 
percentage improvement is that in the total sum of squares from the 
previous step. 

Estimated 
No. of virgin biomass 
free years ('000 000 t) 

0 2.00 

1 0.31 

2 0.47 

Years 

1988 

1986 
1988 

1986 
1987 
1988 

1985 
1986 
1987 
1988 

Estimated 
year class Total sum Percent 

strength of squares improvement 

22.63 

4.44 15.12 33 

0.03 
3.45 11.70 23 

0.22 
3.68 
5.63 4.51 61 

1.33 
0.24 
4.00 
5.95 4.36 

ble 12: Eastern stock: least squares estimates of virgin biomass and year class 
strength for 0-3 free years when all input data are used. The percentage 
improvement is that in the total sum of squares from the previous step. 

Estimated Estimated 
No. of virgin biomass year class Total sum Percent 
free years ('000 000 t) Years strength of squares improvement 



Table 13: Year class strengths (used in the models to multiply the mean 
recruitment, as predicted by the stock-recruitment relationship). For 
1971 to 1989 recruitment is deterministic (recruitment variability 
(rsd) = 0). From 1990 onwards recruitment is stochastic with graduated 
levels of recruitment variability from 1990 to 1992 (chosen by the Hoki 
Working Group) to reflect the imprecision of the estimated year class 
strengths. 

Western stock Eastern stock 

Year Strength rsd Strength rsd 

Table 14: Western stock: MIAEL estimates of Bo and B,$5 (when year class 
strengths are assumed known as in Table 13) using proportional mean 
squared error and best p estimators. All ranges and estimates are 
'000 000 t. 

Least 
squares MIAEL Information 

Range estimate best k p estimate index (%) 



Table 15: Eastern stock: least squares estimates of virgin biomass (BJ and year 
class strength (S,,, S,,, and S,,) assuming different values for the 
acoustic q and its median C.V. (when all input data are used). 

Table 16: 

Year 

1971 

1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993+ 

Total sum 
C.V. q B, S, S,, S, of squares 

Model assumptions and year class strengths for three different eastern 
stock models (the q and median C.V. refer to the acoustics index). 

Model I 

q estimated 
median C.V. = 0.25 

Strength 

1 .oo 

Model 2 

q = 0.4 
median C.V. = 0.6 

Strength 

Model 3 

q = 0.8 
median C.V. = 0.6 

Strength 

1.00 



Table 17: Eastern stock: MIAEL estimates of Bo for each model of Table 16, using 
proportional mean squared error and best p estimators. All ranges and 
estimates are '000 000 t. 

Least 
Range squares MIAEL Information 
Bmin-B,,, estimate best k p estimate index (%) 

Model 1 0.11-1.00 0.12 0.27 0.19 0.24 14 

Model 2 0.14-1.00 0.57 0.32 0.81 0.52 86 

Model 3 0.14-1.00 0.32 0.32 0.81 0.32 86 

Table 18: Eastern stock: MIAEL estimates of Bo and Bk$5 (when year class 
strengths are assumed known as in Table 16, Model 1) using 
proportional mean squared error and best p estimators. All ranges and 
estimates are '000 000 t. The Bo range is for Bn4 to B,,, (where Ba4 > B,, 
= 110 000 t). 

Least 
squares MIAEL Information 

Range estimate best k p estimate index (%) 



Table 19: Management policies considered. Target catches are for 1995 to 1999 
inclusive (Pr. = pre-spawning season, Sp. = spawning season). 

Policy 1 Policy 2 Policy 3 Policy 4 Policy 5 

TACC 200 250 300 250 300 
('000 t) 

Pr. Sp. Pr. Sp. Pr. Sp. Pr. Sp. Pr. Sp. 

Western 
catch 
('000 t) 35 105 35 155 35 205 45 130 55 155 

Eastern 
catch 
('000 t) 35 25 35 25 35 25 45 30 55 35 

Table 20: Western stock: the range of five performance indicator functions, for 
Policies 1-5, corresponding to Bmin = 1 164 000 t, and B,, = 3 000 000 t. 

Policy 1 Policy 2 Policy 3 Policy 4 Policy 5 
B m m  Bmax Bmin  Bmax Bmln  Bmax B m m  Bmax B m m  Bmm 

Stock risk 0.000.00 0.040.00 0.090.00 0.030.00 0.100.00 

Fisheryrisk 0.00 0.00 0.06 0.00 0.33 0.00 0.01 0.00 0.11 0.00 

P(BIW>=BCAY) 0.96 1.00 0.80 1.00 0.57 1.00 0.86 1.00 0.71 1.00 

E(B1,/BaY) 2.173.67 1.71 3.49 1.333.32 1.843.55 1.533.42 

E(BIW/BO) 0.671.14 0.531.08 0.41 1.03 0.571.10 0.471.06 



Table 21: Western stock: MIAEL estimates of five performance indicators for 
Policy 1 (the status quo policy). 

Least 
Range squares MIAEL Information 
Bm,-B,,, estimate best k p estimate index (%) 

Stock risk 0.00-0.00 0.00 0.00 0.00 0.00 0 

Fishery risk 0.00-0.00 0.00 0.00 0.00 0.00 0 

Table 22: Western stock: MIAEL estimates of five performance indicators for 
Policy 3 (a 100 000 t increase of target catch on the WCSI). 

Least 
Range squares MIAEL Information 
Bmin-B,,, estimate best k p estimate index (%) 

Stock risk 0.09-0.00 0.01 0.05 0.24 0.04 10 

Fishery risk 0.33-0.00 0.02 0.17 0.21 0.14 7 



Table 23: 

Stock risk 

Fishery risk 

Western stock: MIAEL estimates of five performance indicators for 
Policy 5 (a 100 000 t increase of TACC split into target catches in 
proportion to the existing catches). 

Least 
Range squares MIAEL Information 
Bmin-B,, estimate best k p estimate index (%) 

Table 24: Western stock: the annual stock risk ( P(B, c 0.2Bo) ) and annual fishery 
risk ( P(Ci c 0.8Ti) ) corresponding to B,,, in each year from 1994 to 
1999 under Policies 1, 3, and 5. 

Policy 1 Policy 3 Policy 5 

Year Stock risk Fishery risk Stock risk Fishery risk Stock risk Fishery risk 



Table 25: Western stock: the range for the proportion by weight of hoki large 
enough to be filleted for each year from 1994 to 1999 under Policies 1, 
3, and 5. 

Year Policy 1 
Bmin Bmax 

0.94 0.96 

0.79 0.86 

0.78 0.85 

0.89 0.92 

0.91 0.94 

0.90 0.93 

Policy 3 
Bmin Bmax 

0.94 0.96 

0.79 0.86 

0.77 0.85 

0.87 0.92 

0.88 0.93 

0.86 0.93 

Policy 5 
Bmin Bmax 

0.94 0.96 

0.79 0.86 

0.77 0.85 

0.87 0.92 

0.89 0.93 

0.88 0.93 

Table 26: Eastern stock: MIAEL estimates of five performance indicators for 
Policy 1 (the status quo policy). 

Least 
Range squares MIAEL Informa tion 
Badi-Bmax estimate best k p estimate index (%) 

Stock risk 0.06-0.00 0.06 0.03 0.00 0.03 0 

Fishery risk 0.00-0.00 0.00 0.00 0.00 0.00 0 



Table 27: Eastern stock: MIAEL estimates of five performance indicators for 
Policy 5 (a 300 000 t TACC split into target catches in proportion to the 
existing catches). 

Least 
Range squares MIAEL Information 
B 4 -B- estimate best k p estimate index (%) 

Stock risk 0.56-0.00 0.56 0.28 0.00 0.28 0 

Fishery risk 0.25-0.00 0.25 0.-13 0.00 0.13 0 

Table 28: Eastern stock: the annual stock risk ( P(Bi < 0.2B0) ) and annual fishery 
risk ( P(Ci < 0.8Ti) ) corresponding to Bdj = 200 000 t, in each year from 
1994 to 1999 under Policies 1 and 5. 

Policy 1 Policy 5 

Year Stock risk Fishery risk 

1994 0.00 0.00 

1995 0.00 0.00 

1996 0.00 0.00 

1997 0.00 0.00 

1998 0.00 0.00 

1999 0.06 0.00 

Stock risk Fishery risk 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.13 0.01 

0.56 0.25 



Table 29: Western stock: least squares estimates of virgin biomass ('000 000 t) and 
year class strength for 1985-89 using the age frequency data together 
with different biomass indices. 

Age frequency plus 

All Age-freq. c.p.u.e. Acoustics Trawl 

Table 30: Eastern stock: least squares estimates of virgin biomass ('000 000 t) and 
year class strength for 1986-88 using the age frequency data together 
with different biomass indices. 

Age frequency plus 

All Age-freq. c.p.u.e. Acoustics Trawl 

Bo' 0.12 0.27 0.17 0.10 0.27 

1986 0.3 0.3 0.2 0.1 0.3 

1987 5.0 2.8 2.5 5.1 3.8 

1988 8.1 5.2 4.3 13.6 6.6 



Table 31: Western stock: MIAEL estimates of Bo for a range of B,, values, using 
proportional mean squared error and best p estimators. All ranges and 
estimates are '000 000 t. 

Least 
Range squares MIAEL Information 
Bmin-B,,, estimate best k p estimate index (%) 

1.16-2.0 1.48 1.51 0.31 1 S O  18 

1.16-2.5 1.48 1.67 0.34 1.60 22 

Table 32: Eastern stock: best k estimates ('000 000 t) of Bo for alternative values of 
B,, ('000 000 t). Calculated for the range [B,, ,B,,,]. 

best k 

0.21 

0.24 

0.27 

0.29 

0.30 

Table 33: Eastern stock: estimates of stock and fishery risk (Policies 1 & 5) for 
alternative values of B,,, ('000 000 t). 

Policy 1 Policy 5 

BIldi Stock risk Fishery risk Stock risk Fishery risk 

0.15 0.79 0.64 0.98 0.94 

0.20 0.06 0.00 0.56 0.25 

0.25 0.00 0.00 0.04 0.00 



Table 34: Eastern stock: annual stock and fishery risk (Policies 1 & 5) for 
alternative values of BUdj ('000 000 t). 

B,, = 0.15 Policy 1 Policy 5 

Stock risk Fishery risk Stock risk Fishery risk 

B, = 0.20 Policy 1 Policy 5 

Stock risk Fishery risk Stock risk Fishery risk 

B, = 0.25 Policy 1 

Stock risk Fishery risk 

1994 0.00 0.00 

1995 0.00 0.00 

1996 0.00 0.00 

1997 0.00 0.00 

1998 0.00 0.00 

1999 0.00 . 0.00 

Policy 5 

Stock risk Fishery risk 



Table 35: 

Table 36: 

Year 
class 
strength 

Low 

Baseline 

High 

34 

Western stock: year class strengths used in a sensitivity analysis. 

Year 

1971 

1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993+ 

Low High 

Western stock: MIAEL estimates of B, for the year class strengths in 
Table 35, compared with the baseline estimate, using proportional mean 
squared error and best p estimators. All ranges and estimates are 
'000 000 t. 

Least 
Range squares MIAEL Information 
B,,,-B,, estimate best k p estimate index (%) 



Table 37: 

Stock risk, 

Fishery risk 

Western stock: the range of five performance indicator functions 
(Policy 3)  for alternative year class strengths (YCS) (baseline, and those 
in Table 35). The values of Bm, and Bm,, are given in Table 36. 

YCS: low Y CS: baseline 
Bmin B m x  Bmin Bmnx 

YCS: high 
Bmin 'mar  

0.00 0.00 

0.03 0.00 

0.95 1.00 

2.54 4.68 

0.79 1.45 

Table 38: Western stock: the annual stock risk ( P(B, c 0.2Bo) ) and annual fishery 
risk ( P(C, c 0.8T,) ) corresponding to Bm, , in each year from 1994 to 
1999 under Policy 3, for alternative year class strengths (YCS). 

YCS: low YCS: baseline YCS: high 

Year Stock risk Fishery risk 

1994 0.00 0.00 

1995 0.60 0.97 

1996 0.48 0.82 

1997 0.31 0.64 

1998 0.38 0.72 

1999 0.45 0.74 

Stock risk Fishery risk 

0.00 0.00 

0.00 0.00 

0.00 0.02 

0.00 0.06 

0.02 0.17 

0.09 0.32 

Stock risk Fishery risk 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.03 



Table 39: Western stock: MIAEL estimates of five performance indicators 
(Policy 3) for the low year class strengths (Table 35). 

Least 
Range squares MIAEL Information 
B,,,,-B,,, estimate best k p estimate index (9%) 

Stock risk 0.73-0.00 0.00 0.37 0.45 0.20 31 

Fishery risk 0.97-0.00 0.00 0.49 0.32 0.33 16 

Table 40: Eastern stock: MIAEL estimates of B, and five performance indicators 
(Policies 1 & 5) for the adjusted B, range (B,,, = 200 000 t). Re-estimated 
year class strengths are: Sg6 = 0.01, S8, = 3.59, S,, = 6.97. 

Least 
Range squares MIAEL Information 
B - B  estimate best k p estimate index (9%) 

Policy 1 

Stock risk 0.28-0.00 0.28 0.14 0.00 0.14 0 

Fishery risk 0.09-0.00 0.09 0.04 0.00 0.04 0 

Policy 5 

Stock risk 0.79-0.00 

Fishery risk 0.58-0.00 

P ( B , d =  B,,) 0.13-1.00 

E(BI,~/B~AY) 0.45-4.72 

E(Bls9/Bo) 0.14-1.46 



Table 41: Eastern stock: annual stock and fishery risk (Policies 1 & 5) at 
Ba4 = 200 000 t, for the re-estimated year class strengths: S,, = 0.01, 
S,, = 3.59, S,, = 6.97. 

Policy 1 Policy 5 

Stock risk Fishery risk Stock risk Fishery risk 



BO = Bmax 

Figure 1. Western stock: spawning biomass trajectories at B,,,,,, and Bmax under 
Policies 1 & 3. 
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Figure 2. Eastern stock: spawning biomass trajectories at B,,, and B,,, under 
Policies 1 & 5. 
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Figure 3. Western stock: normalised biomass inhces. 
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Figure 4. Eastern stock: normalised biomass indices. 
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Figure 5. Eastern stock: proportional mean squared error functions for the best k 
and MIAEL estimators of B, when the lower end of the B, range is 
either B,, or B,,.. 



Figure 6. Eastern stock: annual stock risk at Bad, under Policy 5 for alternative 
year class strengths (H = historical, F = future, see Section 4.5.4). 



Figure 7. Eastern stock: annual fishery risk at Bdj under Policy 5 for 
alternative year class strengths (H = historical, F = future, see 
Section 4.5.4). 
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Figure 8. Western stock: annual stock risk at B,,. under Policy 3 for 
alternative biological parameters. 
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Figure 9. Western stock: annual fishery risk at B,,, under Policy 3 for 
alternative biological parameters. 
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Figure 10. Eastern stock (re-estimated YCS): annual stock risk at B,, under 
Policy 5 for alternative biological parameters. 
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Figure 11. Eastern stock (re-estimated YCS): annual fishery risk at B,, under 
Policy 5 for alternative biological parameters. 



Appendix 1: Are the eastern stock acoustics and cpue indexes contradictory? 

The acoustics and cpue indexes have three years in common: 1991-1993. To enable a 
comparison to be made between the indexes they were normalised to 1.00 in 1991 (by 
dividing each index by its 1991 value) and tested using the following statistic: 

D = abs(aco,, - cpue,,) + abs(aco,, - cpue,,) 

where, abs is the absolute value function, aco, is the normalised acoustics index in year 
i, and cpue, is the normalised cpue index in year i. 

The statistic D was tested by simulation under the null hypothesis that the two 
time-series were relative biomass indexes of the Cook Strait mid-season spawning 
biomass. The indexes were simulated for a range of assumed parameter values, and 
for each set of parameters the probability of observing a value of D greater than 2.74 
(the value observed for the real indexes) was calculated. 

The set of assumed parameter values include the least squares estimates obtained 
when the cpue or acoustics indexes are excluded from the estimation (Tables 10 & 
11). Two parameter sets with high virgin biomass were also included. 

Results: 

Virgin 
biomass 

B, (t) 

1.31e5 

1.27e5 

1.24e5 

1.2Oe5 

1.16e5 

3.50e5 

5.65e5 

Year class strengths 

S86 S87 

0.22 3.68 

0.29 4.25 

0.35 4.85 

0.42 5.45 

0.49 6.03 

The parameter sets were chosen in an attempt to span the range of plausible 
"realities". At the 95% level the null hypothesis cannot be rejected for any of the 
parameter sets. It was concluded that the two indexes are not necessarily 
contradictory. 



Appendix 2: Estimating Year Class Strength for 1989-1992 

The joint nursery ground of the western and eastern hoki stocks (the Chatham Rise) 
was surveyed by Tangaroa in each year since 1991. The trawl survey results were 
analyzed by Sullivan et al. (1994) to obtain observed numbers at age. The hoki on the 
Rise, 5 years and older are assumed to belong to the eastern stock, and the younger 
fish are assumed to be a mixture of eastern and western hoki. The observed numbers 
of the 1 and 2 year old fish have been used in an attempt to estimate the 1989-1992 
year class strengths. 

The numbers of 1 and 2 year old fish on the Rise were predicted using the separate 
western and eastern population models. The predicted and observed numbers at age 
were assumed to be related by the following 12 equations. 

For, 
i = 1991,1992,1993 
s = male, female 
j = 1, 2 years old 

where 

XSu is the observed number of j year old fish of sex s in year i 

q, is the catchability constant for j year old fish 

S, is the YCS of the kth cohort (assumed equal for eastern and western 
fish), k takes values from 1989-1992. 

TSij is the total number of j year old fish of sex s in year i predicted by 
the population models (of the eastern and western stocks) when 
average recruitment occurs in 1989 to 1993. 

The 1989-1992 year class strengths were estimated by a least squares fit, minimizing 

Unique estimates are not available from this procedure as the qj and the Sk are 
confounded (e.g. the value off does not change when the qj are doubled and the Sk 
are halved). To obtain unique estimates one of the parameters must be (assumed) 
known. 



Also, when the XSji were obtained the number of fish in the 1989 cohort was assumed 
to be zero. Rather than have this analysis redone, the parameters were estimated 
using different small values for XI,,, (the same number for males and females). 

Finally, the Tsj,j depend on the historical parameters (virgin biomass and year class 
strength) used in the population models. Different combinations of parameters were 
used to see how they would effect the estimates of future year class strength. 

S,, was assumed known (0.1) so that unique estimates of the other year class 
strengths could be obtained (Table 1). If S,,, is increased or decreased then the 
estimates increase or decrease proportionately. Changing the assumed value of XI,,, 
also changes the estimates proportionately (inversely), but assumptions about virgin 
biomass and historical year class strength have little effect (Table 1). 

For all combinations explored the year class strengths for 1990 to 1992 were always 
roughly in the same proportion: 

The Hoki Working Group chose a baseline value for k of 0.7 so that the 1991 year 
class was equal in strength to that estimated for the 1987 western year class. 

Table 1: 

Western 
biomass 

minimum 

least 
squares 

least 
squares 

Estimated year class strengths for 1990 to 1992, for different 
combinations of eastern and western virgin biomass and historical year 
class strengths (see Table 10 for acoustics, Table 11 for cpue, and Table 
13 for baseline). A 1989 year class strength of 0.1 is assumed in all 
cases. 

Western Eastern 
YCS biomass 

baseline minimum 

least 
baseline squares 

least 
baseline squares 

Eastern 
YCS X1989,2 S19W S1991 slW 

acoustics 2000 0.26 2.76 1.37 

1000 0.52 5.52 2.74 

acoustics 1000 0.49 5.17 259 

cPue 1000 0.52 5.56 2.79 


