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1. EXECUTIVE SUMMARY 

The hoki assessment carried out by NIWA was updated using new research data from trawl and 
acoustic surveys, an analysis of commercial catch rate information, and commercial catch-at-age 
data. The hoki resource was assessed as two stocks based on the current view of hoki stock 
structure. Results are from a new two-stock model developed specifically for hoki, which 
enabled the use of historical data not incorporated previously into stock assessment. This model 
used the MIAEL estimation method, as in the previous single stock models. This report 
presents the new data used in the analyses, describes the assessment method, biomass and yield 
estimates, and reviews the implications of the new assessment. 

Western area catches were all well up on 1995-96, and the hoki TACC was nearly caught. The 
model results suggest that the current biomass is much greater than BmY and can sustain the 
current catch level under the 1997-98 TACC for the next 5 years. For 1998-99 the estimate of 
CAY is much larger than current catch levels, which suggests that higher short-term yields may 
be possible from this stock in the short term. For the eastern stock, the assessment suggests that 
the current biomass is probably above BMAy and may remain above BMAY at the expected 
catch level under the 1997-98 TACC for the next 5 years. ,The estimate of CAY for 1998-99 
is about the level of current catches. 

2. INTRODUCTION 

2.1 Overview 

This document reviews the commercial fishery for hoki in 199697 and updates the stock 
assessment. Research and commercial data used in the stock assessment are described and 
estimates of biomass and yield are presented for both the eastern and western stocks. 

Catch-at-age data are presented from the spawning fisheries in the most recent year, together 
with updated CPUE analyses, results from a fbrther trawl survey of the Chatham Rise, and from 
acoustics surveys of Cook Strait and the west coast South Island (WCSI). 

The new two-stock hoki model and the assessment method are described briefly (for full details 
see Cordue in prep.) In previous assessments the two hoki stocks were modelled using 
individual single-stock models. This approach had the advantage of simplicity but it mainly 
ignored the important interactions which occur between the stocks in the shared nursery 
ground on the Chatham Rise. The two-stock model incorporates these interactions by 
explicitly modelling the migration of fish between areas. Further, in the estimation procedure 
the proportionality constants of trawl surveys and acoustic surveys have been linked between 
areas via a penalty function to ensure that they are not too different between areas. These 



changes mean that data used in the assessment can no longer be uniquely identified with a 
particular stock. All the data are used simultaneously to assess both stocks. 

2.2 Description of the fishery 

Historically, the main fishery for hoki has operated from late June to late August on the 
WCSI where hoki aggregate to spawn. The spawning aggregations begin to concentrate in 
depths of 300-700 m around the Hokitika Canyon from late June, and further north later in 
the season. Fishing in these areas continues into September in some years. Since 1988 another 
spawning fishery has developed in Cook Strait on spawning aggregations of hoki. The 
spawning season in Cook Strait also runs from late June to mid September, peaking in July 
and August, like the WCSI fishery. As fishing in Cook Strait increased, fishing on the WCSI 
decreased until, in 1995-96, the catch from Cook Strait nearly equalled that of the WCSI 
fishery. Small catches of spawning hoki are taken from other spawning grounds off the east 
coast South Island (ECSI) and late in the season at Puysegur Bank. Since 1991-92, substantial 
fisheries have developed on the Chatharn Rise and to some extent in the Sub-Antarctic. These 
fisheries are outside the spawning season, when hoki disperse to their feeding grounds. They 
generally operate in depths of 400-800 m, with catches taken most of the year on the 
Chatham Rise, and peaking in May-June, and September in the Sub-Antarctic. Other out of 
season catches are taken from Cook Strait and the east coast of the North Island (ECNI), but 
these are small by comparison. 

The hoki fishery was developed by Japanese and Soviet vessels in the early 1970s (Table la). 
Catches peaked at 100 000 t in 1977, but dropped to less than 20 000 t in 1978 when the 200 n. 
mile Exclusive Economic Zone was declared and a quota limit of 60 000 t was introduced 
(Figure 1). Hoki remained a relatively small fishery of up to 50 000 t until 1986, when the 
TACC was increased. It expanded to an estimated catch in 1987-88 of about 255 000 t (Table 
lb). Since then, the annual catch has been between 175 000 and 215 000 t. In 1996-97, the 
TACC was almost caught, with the 246 000 t catch higher than any previous year, except 1987- 
88. The pattern of fishing has changed markedly since 1987-88 when over 90% of the total 
catch was taken in the WCSI spawning fishery (Table 2). Generally, the catch from the WCSI 
has declined steadily each year, while catches have risen in Cook Strait and other hoki areas. 

From 1986 to 1990 surimi vessels dominated the catches and took about 60% of the annual 
WCSI catch. However, since 1991 the surimi component of catches has decreased and 
processing to head and gut or to fillet product has increased. Although a greater proportion of 
the total catch is still taken during the spawning season, the hoki fishery now operates 
throughout the year, producing high quality fillet product from both spawning and non- 
spawning fisheries. There has also been an increase in the number of vessels under 43 m total 
length fishing inside the 25 n. mile line on the WCSI since 1994-95. 

2.3 Recent papers 

Each year a range of results from recent studies is presented to the Hoki Working Group for 
stock assessment. Some are published papers, others are unpublished reports or preliminary 
findings from current work. 



Recent papers relevant to the assessment of hoki in 1998 are: the 1997 hoki stock assessment 
results (Ballara et al. 1998); the Working Group Report, as published in the Report from the 
Fisheries Assessment Plenary (Annala et al. 1998); an evaluation of alternative stock reduction 
estimators of year class strength, which found for the estimators examined that the least squares 
estimator was preferable to the maximum likelihood estimator (Cordue 1998a); and the theory 
and motivation behind MIAEL (Minimum Integrated Average Expected Loss) estimation 
(Cordue 1998b) (which has been used in hoki assessments for several years). 

Other recent hoki papers include: an analysis of oocyte development in pre-spawning hoki on 
the Southern Plateau before migration which indicated a range of mean fecundity from 0.4 to 
3 million oocytes (Schofield & Livingston 1998). The results are similar to fecundity estimates 
from the WCSI fishery obtained immediately before spawning. An investigation of possible 
links between year class strength and climate (e.g., Southern Oscillation Index, sea surface 
temperatures, synoptic weather patterns) in 1997. Preliminary results were promising and 
suggested that hoki recruitment is favoured by conditions associated with a negative Southern 
Oscillation Index, such as lower sea surface temperatures, early onset of deep water mixing and 
weather patterns that result in a higher incidence of southwesterly flow (Livingston & Schofield 
1997). 

3. HOKI FISHERY 

3.1 Catch and effort information 

3.1.1 Total Allowable Commercial Catch (TACC) 

In the 1996-97 fishing year the TACC for HOK 1 was 250 000 t. This applied to all areas of the 
EEZ except the Kerrnadec Fishery Management Area which had a TACC of 10 t. The HOK 1 
TACC remained at 250 000 t for the 1997-98 fishing year. 

Except for restrictions on chartered vessels fishing inside the 12 n. mile Territorial Sea and a 
maximum size restriction of 43 m for vessels fishing within 25 n. miles in certain areas, 
allocated quota may be taken from any area. On the WCSI, the 25 n. mile line closes much of 
the hoki spawning area in the Hokitika Canyon and much of the area south to the Cook Canyon. 
In Cook Strait the entire spawning area is closed to vessels over 43 m. 

3.1.2 Catch history 

The total annual catch of hoki within the EEZ from 1969 to 1996-97 is shown in Tables 1 a and 
1 b. Table 1 b shows catches in recent years, corrected each year by conversion factors measured 
by scientific observers in the WCSI fishery, and for minor error discrepancies corrected after 
data have been checked. In 1996-97 the TACC was almost caught: the total reported catch was 
about 246 000 t, up by 36 000 t from 1995-96. The total estimated data (Catch Effort and 
Landing Return (CELR) and Trawl Catch Effort and Processing Return (TCEPR) data) came to 
2 19 000 t, and the landed data (Catch Landing Returns (CLRs) and landed CELRs) came to 240 
000 t, which is close to the 246 000 t QMR total. The final data extraction was done in March 
1998, when a small amount of data may still have not been punched. To scale up catches 
estimated catches by area to 246 000 t, catches were adjusted as follows: 4000 t were added to 



each of the Chatham Rise, and the Sub-Antarctic September totals; 4000, and 2000 t were added 
to August and September, respectively, in Cook Strait (using FIB Cook Strait monthly totals for 
the spawning season); and the remaining 13 000 t was added onto the WCSI September catch. 

Catches by area since 1988-89 are given in Table 2. Catches for most areas were higher than in 
1995-96. Catches in 1996-97 were 19 000 t higher on the WCSI than in 1995-96, but 
decreased slightly in Cook Strait, although the pre-spawning catch at 8000 t, was the highest it 
has ever been. Catch estimates for other hoki areas also increased in 1996-97, and reached their 
highest levels ever, at 58 000 t from the ECSI and Chatham Rise, and 4000 t from the ECNI. 
Catches for Sub-Antarctic, and Puysegur were also up, increasing to 25 000, and 4000 t 
respectively. Proportionally, the catch taken outside the spawning season was almost the same 
as in previous years, but the actual tonnage of fish caught was much higher than in 1995-96. 

The monthly distribution of catches of hoki throughout the year by areas shows that the 
Chatham Rise catch was taken mostly between October and June (Figures 2 and 3), although the 
September catch was up on 1995-96. The Sub-Antarctic catch was also taken over most of the 
year, with peaks in May, June, and September. The vessels fished on the WCSI and Cook Strait 
spawning grounds from June to September, with most fishing effort in July and August. In 
Cook Strait, hoki were also taken from October to May, but most of the catch was taken during 
spawning. Fishing at Puysegur was mainly during September. Small catches were taken all year 
round on the ECNI. 

3.1.3 Catch per unit effort 

West coast South Island spawning fishery 

Indices of CPUE from 1987 to 1997 were estimated using a multivariate regression model 
similar to that described by Vignaux (1994). The indices were based on the "combined 
model", where successful tows were modelled by a general linear model and a binomial 
distribution was used to model the proportion of zero tows. 

In a preliminary analysis, both the raw and standardised CPUE indices showed a large 
increase in 1996 and 1997. Further analysis of the data by individual vessels indicated that 
much of this increase was caused by the fishing success of a number of new vessels less than 
43 m long. The analysis then excluded these vessels as it was likely that they would have 
fished inside the 25 n. mile line. As the CPUE has been developed as an index of the 
abundance outside the 25 n. mile line, the data for all years from vessels less than 43 m were 
excluded from the analysis. 

There were more records available for the 1997 data set than the 1996 data set (Table 3), even 
with the exclusion of the vessels less than 43 m. There were also more records available in the 
1997 final analysis than in the initial one because of the late punching of data; 3552 extra 
records were added into the data set and used in the final analysis. The total catch included in 
the analysis was nearly 63 000 t, with 4000 t of records excluded from the analysis because of 
non-correctable errors. The initial analysis was reported to the 1998 Working Group, but the 
final analysis on the final data set, was completed in time to be used in the hoki modelling and 
reported to the Plenary. The final standardised abundance series is considered to be more 
reliable as an index of abundance than the initial results. 



The linear part of the combined model had similar variables in the same order of those in the 
1997 analysis (Table 4), except that 'Vessel length' and 'Depth of net' were not significant 
variables, and in the 1998 analysis 'Vessel tonnage' was. The linear part of the model, with 
variables added down to 0.5% improvement, explained 3 1.9 % of the variance. 

The binomial part of the combined model again had similar variables to those in the 1997 
analysis, except that the 'Year' variable did not enter the model until less than 0.5% 
improvement, as happened in the 1996 analysis (Ballara et al. 1997). The variables of 'Season' 
and 'Depth of net' also entered the model. The binomial part of the model had almost no impact 
on indices, suggesting that the presence of a few zero catches has little effect on the final 
indices. 

The relative year effects fiom this model are shown in Table 5 and Figure 4a. The trends in 
initial and final indices are similar, although between 1996 and 1997 the final indices drop for 
the final data set, whereas they increase for the initial set. This can be explained by the 
incomplete data set in the initial analysis (see Table 3)' and shows the importance of having a 
complete data set for the whole spawning season before the analysis is done. Standardised 
CPUE indices show a general decline from 1987 to 1990, a slight increase through to 1994, 
then a decline to about 0.4 since then. The non-standardised CPUE indices show a similar 
trend to the standardised indices (Figure 4b), although 1992 is higher and the 1995 to 1997 
indices are lower, with a slight decreasing trend. The relative year effects for the "all data" 
initial run (see Table 5), showed continuing increase in CPUE from 1995 to 1997. This data 
set was greatly affected by the larger CPUE values seen in some vessels less than 43 m which 
were fishing inside the 25 n. mile line. 

Cook Strait spawning fishery 

Data fiom June to October 1997 were used in the analysis, which included 41 000 t of the 
season's catch. A few tows were excluded fiom the analysis because of uncorrectable errors. 
The number of tows in 1997 and 1996 were similar, but there were slightly fewer tows during 
the spawning season than in 1996 (Table 6). Initial and final analyses were carried out as for 
WCSI data (see Table 6). In the last few years, a larger proportion of the tows has been outside 
the June to October period, but has not been used in the analysis as the cubic fit of the season 
variable did not fit the extended season well (Sullivan et al., unpublished results). 

As with the WCSI fishery, the "combined model" was fitted, using a linear model for the 
non-zero catch rates and a binomial model for the proportion of zeroes. This year, similar 
variables entered the linear part of the combined model compared to the 1997 analysis (Table 
7). As in the 1997 analysis, 'Season', and 'Year' were the most important variables. 'Headline 
height' increased its placing in the model, reflecting the wider range of headline heights, 
particularly larger ones, used in Cook Strait in 1997. 'Vessel tonnage' replaced 'LBD' in the 
model. This part of the model explained 35.7% of the variance. 

Fewer binomial variables entered the model compared to last year (see Table 7). 'Vessel power' 
was the most important variable, probably reflecting the newer more powerful vessels in the 
fishery. Distribution and depth of catches, as well as more extensive fishing in the Narrows 
Basin, north of Terawhiti Sill in the 1996 and 1997 seasons (Figure 5)' were also reflected in 
the binomial variables with 'Latitude', and 'Depth of net'. 



The relative year effects from the combined model are shown in Table 8 and Figure 6a. The 
indices show a similar trend to those presented last year, with the 1998 indices slightly lower 
than for 1997. This may be in part due to the differences in variables compared to last year, in 
particular the vessel and distribution parameters in the binomial part of the model. The binomial 
part had very little impact on the indices, and the presence of a few zero catches has little effect 
on the final indices. 

The CPUE indices declined from 1989 to 199 1, but increased to levels higher than previously 
recorded from 1994. Indices from the initial and final data sets are similar. The standardised 
CPUE index in 1997 was slightly lower than in 1996, whereas the unstandardised CPUE indices 
(Figure 6b) showed a similar trend to the standardised indices to 1993, and then were higher, 
reflecting the effect of the large newer vessels. 

An analysis was also carried out on the main Cook Strait data set excluding the Narrows Basin 
and southern areas which were more extensively fished in 1996 and 1997 (see Figure 5). 
Overall, both data sets showed similar trends (Figure 6c), but the 1995 to 1997 indices for the 
reduced data set were slightly higher, indicating a slightly better catch rate in the main Cook 
Strait area. 

3.1.4 Bycatch 

Estimates of bycatch in the hoki fishery were determined from vessels targeting hoki which 
carried scientific observers. The bycatch rate (defined as the percentage of the hoki catch) was 
estimated for hake, ling, and silver warehou (Table 9). On the WCSI, the hake percentage 
remained high in 1996-97 for non-surimi trawlers, but dropped for surimi vessels. Ling was 
generally the main bycatch species in the other two spawning fisheries, although it dropped to 
less than 0.1% in Puysegur in 1996-97. In the non-spawning fisheries, the bycatch rates on the 
Chatham Rise were generally higher than in the Sub-Antarctic, the reverse of the previous year. 
Ling was the only bycatch species taken in any quantity in the Sub-Antarctic, whereas ling, 
hake, and silver warehou were all caught in higher quantities in 1996-97 on the Chatharn Rise 
than in 1995-96. Many other bycatch species are also caught, particularly in the non-spawning 
fisheries, but bycatch rates are usually less than 1 %. 

3.2 Size composition of commercial catches 

Figures 7 a and 7b show the position of all tows where hoki was the reported target species for 
the commercial fleet in 1996-97, and the position of all observed tows sampled for hoki length 
frequency. 

In 1997, for all fisheries, 634 observer samples were extracted from the Ministry of Fisheries 
Observer database, of which 308 came from the WCSI. For Cook Strait, 65 catch samples came 
from a catch sampling database. For observer data, individual length samples were scaled up by 
the trawl catch, and for catch sampling data, length samples were scaled up by the landing 
weight. For the WCSI, the combined weighted length frequencies were based on weekly time 
periods throughout the season (though adjacent strata were combined if there were less than 10 
samples per week available). In the other areas, length frequency strata were based on 



appropriate time periods throughout the year to ensure there were sufficient data in each 
stratum. Each time stratum was scaled up to the total weight of the fishery catch for that week 
or appropriate time period, and then to the total catch of the fishery for that area for the season 
or fishing year. 

In 1997, 308 samples of hoki were taken from the WCSI fishery by scientific observers. In 
1997, the female length frequency data showed the adult mode as a broad flattened distribution, 
made up primarily of the 1991 to 1993 year classes, with fish fiom the 1987 to 1989 year classes 
still a significant part of the larger fish (Figure 8a). Length modes representing the 1994 to 1995 
year classes are also visible. The male data (Figure 8b) showed a similar pattern to last year, also 
with a main mode (peaking at 71 cm) made up of the 1991 to 1993 year classes. Very few males 
from the 1987 and 1988 year classes are evident. The juvenile male modes are more 
pronounced, but appear at about the same lengths as for the females. The 1995 year class is 
proportionally much less pronounced as 2 year olds than the 1991-94 year classes have been. 
Weekly length frequencies (Figure 9) show catches of female fish in July were dominated by 
larger fish, mainly over 80 cm length, after which the proportion of smaller fish increased in 
number. Catches of male hoki contained few large fish in 1997, and from August were 
dominated by the 199 1 to 1993 year classes. 

WCSI catch-at-age data show that most of the large female hoki were from the strong 1987 
and 1988 year classes (ages 9-10), but now the smaller fish from the 1991 to 1993 year 
classes (ages 4-6) are dominating the catch (Figure 10). Relatively few 1987 or 1988 male 
hoki were caught, and the smaller fish were also mainly from the 1991 to 1993 year classes. 
The 1994 and 1995 year classes (ages 2-3) are more evident in the male catch than the female 
catch. This supports the view that male hoki tend to mature younger, and therefore recruit to 
the spawning fisheries earlier, than females. 

The Cook Strait female length frequencies (Figure 1 1) were dominated by the adult modal peak 
at 74 cm although the peak was broad, taking in the 1991 to 1993 year classes as well as the 
older fish from the 1987 and 1988 year classes. The males peaked at 66 cm length and did not 
have as many large fish as the females. In the non-spawning months, of which May is 
representative, fish fiom 50 to 80 cm were mainly taken (Figure 12). Larger fish, particularly 
females, were evident during the spawning season, especially during July and August. This can 
also be seen with the increase and decrease of mean length per catch sample (Figure 13) as the 
larger fish moved in to, then out of, Cook Strait during the spawning season, with smaller fish 
present pre- and post-spawning. The Cook Strait catch-at-age data (Figure 14) showed that the 
1991 to 1993 year classes (ages 4-6) were starting to dominate the female age frequency, 
although the 1987 to 1989 year classes (ages 8-10) were still strongly represented. The male 
catch was dominated by the 1991 to 1993 year classes, and 1987 to 1989 year classes were 
still caught in large numbers. 

Figure 15 shows the length distribution of commercial catches from all areas in 1996-97. The 
length frequencies for both the WCSI and Cook Strait were more similar in shape than in 
previous years, partly because of a lower proportion of small fish on the WCSI in 1997, and 
partly because of the broad mode of adult fish. The Chatharn Rise length frequencies have two 
main modes, with peaks at 53 and 64 cm in the males and 53 and 66 cm in the females. The 
smaller peaks are dominated by the 1994 year class, and the larger peak is made up of 1993 and 
older fish, although only a small percentage of fish are greater than 70 cm. The 1995 year class 
is not much in evidence, particularly compared to the number of 2 year olds seen in 1995-96. In 



comparison, the Cook Strait length frequency has few fish from the 1994 year class and none 
from 1995. 

The Sub-Antarctic length frequencies show a similar pattern to that on the WCSI, although the 
1995 year class barely appears. The 199 1, 1992 and 1993 year classes dominate the male length 
frequency as a broad mode, with few larger fish. The females have a broader distribution of 
several year classes, and the larger fish from the 1987 and 1988 year classes are still present at 
the upper end of the distribution. 

The length data from Puysegur show fish from the 1995 and 1994 year classes, and the 1991 
and 1992 year classes dominating the male length frequency in particular. Both length 
frequencies also have fish from the 1996 year class. 

3.3 Non-commercial fishery 

(a) Recreational fisheries 

Recreational fishing for hoki is negligible. 

(b) Maori customary fisheries 

The level of this fishery is believed to be negligible. 

(c) Illegal catch 

Unknown. 

(d) Other sources of mortality 

There may be some dumping or mealing of small fish, but the level is unknown. Anecdotal 
reports from the Chatham Rise fishery suggest this may have become more of a problem in 
recent years. Net-damaged fish have been recorded in the WCSI fishery in some years. The 
extent of damage and resulting mortality is unknown. 

4. HOKI RESEARCH 

4.1 Stock structure 

The hoki catch is currently managed under a single TACC which can be caught in all areas of 
the EEZ (Fishstock HOK 1). Since 1990, however, the Hoki Working Group has assessed ? 

hoki as two stocks, 'eastern' and 'western' (Annala 1990, and subsequent Plenary Reports). 
In 1997 the Hoki Working Group reviewed and confirmed this approach in the light of further 
studies since 1990 (Livingston and Schofield, unpublished results). Morphometric and ageing 
studies (Livingston et al. 1992, Horn & Sullivan 1996, Livingston & Schofield 1996) have 
found consistent differences between adult hoki taken from the two main dispersed areas 
(Chatham Rise and Southern Plateau), and from the two main spawning grounds in Cook 
Strait and WCSI. These differences demonstrate that there are two sub-populations of hoki. 



Whether they reflect genetic differences between the two sub-populations, or are the result of 
environmental differences between the Chatharn Rise and Southern Plateau, is not known. 
Otolith chemistry (Kalish et al. 1996) of hoki from the WCSI and Cook Strait showed no 
differences between the two stocks. No genetic differences have been detected (Smith et al. 
1981, 1996), but an exchange rate as low as 2% each year between stocks can mask 
underlying genetic differences. As it remains unknown whether the observed differences 
between the two sub-populations are determined genetically or otherwise, the Hoki Working 
Group agreed to proceed with the assessment on eastern and western stocks separately, as in 
previous years. 

The fish on the west coast of the North and South Islands and the area south of New Zealand 
including Puysegur, Snares, and the Southern Plateau have been assumed to be one stock unit, 
the "western stock". The area of the ECSI, Mernoo Bank, Chatham Rise, Cook Strait, and the 
ECNI up to North Cape has been assumed to be the "eastern stock". In the current stock 
reduction model, both units are assumed to have 100% stock fidelity (i.e., no exchange of fish 
between stocks), even though they physically mix together as juveniles on the Chatham Rise. 

4.2 Resource surveys 

4.2.1 Trawl surveys 

Chatham Rise 

Since 1992, trawl surveys of Chatham Rise hoki have been conducted annually with Tangaroa 
in January. The surveys provide age specific indices of abundance for all hoki present on the 
Chatham Rise (which are a mixture of eastern and western fish). In 1997 the station allocation 
was optimised for hake which resulted in one stratum being subdivided. The seventh survey 
was completed in January 1998, and 91 stations were completed. The C.V. for all hoki was 1 1% 
(Bagley in prep.). The biomass of hoki was down from that in 1997, showing a large decrease 
in the biomass of the strong 1994 cohort (Table 10, Figure 16), which in 1997 was estimated 
to be more numerous and slower growing than any other 2 year old cohort in this time series. 
There was also some decline in fish 4 years and older, particularly the 1992 and 1991 cohorts, 
and the plus group. The 1995 cohort (2 year olds) appears to be weak, as does the 1996 (1 
year olds) cohort. As in previous years, numbers at age were estimated by applying MIX 
analysis (see Ballara et al. 1997) to the length frequency data (Figure 17). 

Inputs to the model included the MIX numbers at age from the 1992-98 surveys using ages 1 
to 5, and a plus group of 6+; and for the surveys 1992-97, otolith readings using ages 6 to 
10+ (males) and 6 to 1 l+  (females) were also used. The two methods give similar estimates 
for most ages. 

A median c.v. of 0.25 was assigned to trawl survey indices. 



4.2.2 Acoustic surveys 

West coast South Island 

Seven snapshots of the WCSI spawning grounds were completed by Tangaroa from mid July 
to mid August. The first snapshot was done with the small towed-body system and the 
remainder with the large towed-body system. The first snapshot was very noisy and was not 
analysed. The last six snapshots were satisfactory and have been analysed to produce biomass 
estimates. A new stratum (stratum 0) was added into the survey, to the north of stratum 1&2 
because fishing has occurred to the north of stratum 1&2 during the spawning season in some 
years. To make the biomass estimates comparable to previous years, stratum 0 biomass 
estimates were not included in the relative time series. 

Over the survey period there were indications of increasing levels of biomass in the area fiom 
late July to mid August (Table 11) associated with higher biomass estimates in Hokitika 
Canyon (strata 5A and 5B) and stratum 6 (Table 12). More than half of the biomass came 
from the northern strata (strata 0, 1&2, and 4), and the estimates fluctuated considerably 
between snapshots. 

The time series of acoustic indices shows a decline fiom 1988 to 1990, with a strong rise since 
then, with the 1997 index being more than twice that in 1988, and about 70% higher than that 
in 1993 (Table 13, Figure 18). The estimated average proportion of hoki biomass outside the 
closed area on the WCSI in 1997 was greater than previous years, except for 1988 (Table 14). 

Concerns were raised in the Hoki Working Group as to whether the northern biomass all 
came from hoki. Mark identification for "grey fuzz" bottom layers seen in the northern strata, 
was also questioned. Hoki bycatch rates for 1988-97 using TCEPR daily processed 
summaries were investigated, and it was found that the bycatch rates for a range of species 
increased between 1993 and 1997 (Cordue & Ballara 1998). Overall hoki bycatch rates for 
bottom species increased fi-om 5.0% in 1988, to 6.3% in 1993, and to 12.4% in 1997. A 
density subtraction to take account of this extra background density of non-hoki targets in the 
survey area lowered the biomass index from 644 000 to 606 000 t, but does not explain much 
of the huge increase in biomass seen between 1993 and 1997. To get a biomass index close to 
the 1993 biomass index, there would have to have been more than a 10-fold increase in 
background non-hoki targets (Cordue & Ballara 1998). 

Cook Strait 

Six snapshots of the Cook Strait spawning grounds were completed by Kaharoa fiom late July 
to mid August 1997. Biomass levels increased through the season into August, and then 

t 
declined (Table 15). For most snapshots, the largest estimated biomass was in Cook Strait 
canyon; other strata with substantial estimated biomass on occasion were the Narrows Basin in 
shapshots 4 and 5, and in Stratum 5B in snapshot 4, the deep water region outside Nicholson 
and Wairarapa canyons (Table 16). 

The time series of Cook Strait spawning biomass indices declined steeply fiom 1988 to 1992, 
and increased in 1993 to twice the 1988 level. In the next 3 years the indices declined to about 



60% of the 1988 level, and then increased back to the 1988 level in 1997 (Table 17, Figure 
19). 

Cook Strait has been surveyed annually since 1988, but the coverage by area and time has 
varied. Because of the pattern of increasing biomass seen throughout the survey into August, the 
Hoki Working Group agreed to apply a correction factor to the 1995 and 1996 biomass indices 
to account for the possibility that the peak biomass abundance of these seasons had not been 
surveyed. The ratio of the last three snapshots to the first three snapshots in 1997 was estimated 
at 12 1 % and used to increase the 1995 and 1996 estimates to make them more comparable (see 
Table 17). This time series of abundance was considered to be more appropriate than the 
uncorrected indices. 

4.3 Other studies 

4.3.1 Estimates of biological parameters 

Table 18 lists the biological parameters used in the model as known constants (many other 
biological parameters were estimated in the fitting proceedure, see Cordue in prep). Rates of 
natural mortality (after Sullivan & Coombs 1989), the von BertalanffL growth parameters (after 
Horn & Sullivan 1996), and length-weight relationships were the same as in previous 
assessments. 

A Beverton-Holt stock-recruit relationship was assumed. The value of steepness was assumed 
to be 0.9. Estimates of recruitment variability were made for the two hoki stocks based on the 
year class strengths estimated within the 1997 assessment models (Cordue 1995). As for the last 
few years, a value of 1.0 for recruitment variability (standard deviation of log recruitment) was 
assumed. 

5. STOCK ASSESSMENT 

The hoki stock assessment was carried out for western and eastern stocks using research time 
series of abundance indices (trawl and acoustic surveys), catch, CPUE and catch-at-age data 
from the commercial fishery, and estimates of biological parameters. A new two-stock model 
using the MIAEL estimation technique of Cordue (Cordue et al. 1992; Cordue 1993a, 1993b, 
1994, 1995) was used. This model was developed specifically for hoki and enables the use of 
historical data not incorporated previously into stock assessment . 

CPUE indices used in the model were based on the combined model, where successful tows are 
modelled with a linear model and a binomial is used to model the proportion of zeroes (Vignaux 
1994). A c.v. of 0.35 was assigned to the WCSI CPUE index for each year as in previous 
assessments. The Cook Strait CPUE index was not used in the assessment as the Hoki Working 
Group considered it was unreliable as an index of abundance. The fishery operates on spawning 
aggregations in a relatively small area, and vessels sometimes fish outside the densest patches to 
achieve better fish quality. Also, the acoustic biomass index and the CPUE index showed 
contradictory trends. 

To weight the acoustics series in the stock reduction model, the Hoki Working Group agreed to 



use the same values as in previous years (Cordue et al. 1992). A median C.V. of 0.25 was 
assigned to both the WCSI and Cook Strait acoustics indices for each year. The C.V. for each 
annual index was adjusted according to the number of snapshots in the year for each area 
(Cordue et al. 1992). 

For the western stock, the abundance trends indicated by CPUE and acoustic series were 
contradictory; the acoustic series showed about a four-fold increase in biomass since 1990; the - 
CPUE was stable or slightly decreased. Therefore, the Hoki Worlung Group agreed to conduct 
separate assessment runs, using the CPUE and acoustic indices independently. 

j 

5.1 Methods 

A spatially disaggregated two-stock model was used in the hoki stock assessment this year. The 
model is a component of an overall 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). 

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 1993b, 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 (Figure 20). It has a multi-stage 
annual cycle incorporating a two-stage pre-spawning season and a two-stage spawning season. 
Six areas are defined: 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. 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 and the year class strengths of the 
cohorts spawned in each ground. Other parameters which may be specified or estimated withln 
the model are: the proportion of fish spawned in a ground which as adults return to spawn in the 
ground (100% for both grounds is equivalent to "stock fidelity"); and various migration 
parameters (e.g., the proportion of mature western fish which spawn each year). 

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 from the Chatharn Rise (nominally the 
nursery and eastern home ground) to the Sub-Antarctic (nominally the western home ground), 
and also from 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. 



Data inputs 

Before Tangaroa was available there were many bottom trawl surveys of the Chatham Rise and 
Sub-Antarctic by other research vessels. In previous assessments 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 have been incorporated into the assessment. 
A description of the abundance data used in the two-stock MIAEL estimation is given in Table 
19. In addition, the estimated proportions of mature females at age on the Sub-Antarctic in 
ApriVMay 1992 (Livingston et al. 1997) were used in a manual fitting procedure to bound 
parameters associated with female maturity (Note: at this time, the maturity data cannot be used 
directly in the least squares estimation). 

The catch history is an important model input, and this year, for the first time, the Chatham Rise 
catches were directly input into the model rather than being arbitrarily split into catches from the 
eastern and western stocks. The estimated catches for 1996-97 (see Table 2) were assumed for 
the 1997-98 fishing year. 

Estimation method 

A MIAEL estimation procedure was used (Cordue 1993a, 1993b, 1993c, 1994b, 1995, 1998b). 
MIAEL 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 
only have 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 definition of estimation loss. 

One of the advantages of MIAEL estimation is that a natural measure of estimator performance 
can be defined and interpreted as an "information index". This is a measure of the information 
content of the available indices or the reliability of the MIAEL estimates. A low information 
index indicates that the estimated quantity is not well estimated w i t h  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. 

Bounds on virgin biomass (Bo) are determined in the MIAEL procedure by specifying 
maximum and "minimax" exploitation rates (in the spawning season). The maximum 
exploitation rate assumption enables a lower bound (Bmin) to be determined. B,in is the 
minimum virgin biomass which enables the historical catches to be taken given the maximum 
possible exploitation rate. Similarly, the specification of the minimum exploitation rate in the 
year of highest exploitation (the minimax rate) enables an upper bound (B,,) to be determined. 
The assumed maximum and minimax rates were 80% and 10% respectively for both spawning 
grounds. 

A two-stage MIAEL estimation procedure was used. In the first stage, point estimates of many 
model parameters were made. The parameters included the virgin biomasses, year class 
strengths, fishing selectivities, and maturity and migration parameters. In the second stage, 
MIAEL estimation was used with all parameters assumed equal to their point estimates from the 



first stage except for virgin biomasses and the year class strengths. 

In some trial runs of the first stage of the process two problems were encountered with the least 
squares estimates: the year class strengths were extremely variable with average year class 
strengths much greater than 1 and some of the estimates reaching the upper bound of 10; and 
there were large differences between the estimated proportionality constants (q) between areas 
within the same "method" (i.e. for the two acoustics time series, and for trawl surveys of the 
Chatham Rise and Sub-Antarctic by the same vessel). In response to these problems the least 
squares estimator was modified by imposing two penalty functions. The first imposed a penalty 
on year class strength estimates that did not average to 1 (for each stock). The second placed a 
penalty on estimated proportionality constants that differed between area within "method". 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. 

5.2 Year Class Strength 

Western stock 

The relative strengths of year classes spawned from 1975 to 1995 (Table 20) were estimated in 
the first step of the estimation procedure. Least squares estimates were produced and bootstrap 
simulations were done to obtain 100% confidence intervals on the year class strengths (YCS). 
These were used as lower and upper bounds on YCS for the second step of the procedure, the 
MIAEL estimation of virgin and current biomass. The bootstrap confidence intervals were 
changed slightly, in that a minimum upper bound of 0.25 was imposed for all YCS (see Table 
20). 

The estimated YCS when using the acoustics times series were lower from 1976 to 1986, and 
higher from 1987 to 1995, than when the CPUE time series was used. This reflects the different 
trends in the time series; to fit the acoustics times series, a strong increase in biomass is needed 
from 1992 through to 1997, but the CPUE time series needs a decline from 1993 to 1997. 

Eastern stock 

The YCS from 1975 to 1995 were estimated as for the western stock with lower and upper 
bounds constructed in the same way. Estimated YCS were very similar under both data 
scenarios (Table 2 1). 

5.3 Biomass estimates 

Western stock 

Table 22 shows the biomass estimates for the western stock. The MIAEL estimates of Bo were 
1.46 and 0.99 million t for the acoustics and CPUE cases respectively. The estimate from last 
year's assessment when converted to spawning biomass on the spawning ground (which is how 
virgin biomass is defined here in the two-stock model) was 1.70 million t. The information 
indices for this year's estimates are much higher than last year (80% or 63% compared to 35%). 
Taken at face value, the increase can be attributed to the enormous increase in the quantity of 



data included in this year's assessment. However, this is not the full picture. As the range on 
virgin biomass has increased the information indices are not directly comparable. Nevertheless, 
the high information indices suggest that the move to the two-stock model was a good idea. 
Although the model is more complex, and must be carefully tuned, it has allowed far more data 
to be used in the procedure, and to be used in a far more direct and natural manner than is 
possible with single stock models. 

The current (1998) mid-spawning season biomass is estimated to be at 110% Bo when the 
acoustics data are used, and at 56% Bo when the CPUE data are used (see Table 21). Although 
the stock status is more optimistic when the acoustics data are used, the same pattern of increase 
is seen under both scenarios from 1995 to 1998 (Figures 2 1 and 22). 

Eastern stock 

The MIAEL estimates of Bo were 0.39 and 0.28 million t for the acoustics and CPUE cases 
respectively (Table 23). The estimate from last year's assessment when converted to spawning 
biomass on the spawning ground is 0.55 million t. The information indices have increased from 
last year (85% or 77% compared with 51%) but, as for the western stock, they are not strictly 
comparable to the previous year. 

The current (1 998) mid-spawning season biomass for the eastern stock is estimated to be at 70% 
of Bo when the WCSI acoustics data are used, and at 49% when the WCSI CPUE data are used 
(Table 24). Under either scenario, the trend in recent years depends on the level of virgin 
biomass: declining at low levels, increasing at high levels (Figures 23 and 24). 

5.4. Yield estimates 

5.4.1 Estimation of Maximum Constant Yield (MCY) 

MCY was calculated as a percentage of Bo using the two-stock model with the input 
biological parameters (see Table 18) and the parameters estimated in the first step of the 
MIAEL procedure. The definition of Francis (1992) was followed whereby MCY = pBo, 
where p is determined so that the biomass does not go below 20% Bo more than 10% of the 
time. The estimates of MCY for the western stock were 163 000 t (acoustics run, 11.2% Bo), 
and 1 14 200 t (CPUE run, 11.5% Bo). The estimates of MCY corresponding to the eastern stock 
were 40 600 t (acoustics run, 10.4% Bo) and 29 500 t (CPUE run, 10.7% Bo). 

5.4.2 Estimation of Current Annual Yield (CAY) 

The simulation method of Francis (1992) was also used to estimate CAY for the MIAEL 
proceedure. The CAY fishing mortalities in each of the four fishing grounds in the two-stock 
model gave catch to beginning of fishing-period biomass ratios for each data as shown in 
Table 24. 



Western stock 

To estimate CAY for the 1998-99 fishing year, MIAEL estimates of the beginning of fishing- 
year biomass in the nursery ground and the western home ground were used in conjunction 
with the least squares estimates of year class strength (the latter are needed so that appropriate 
proportions of eastern and western fish are present in the beginning of year biomass in the 
nursery ground). The MIAEL estimates of beginning of year biomass (Table 25) gave CAY 
estimates for the western stock of 700 000 t and 300 000 t for the acoustic and CPUE 
abundance indices respectively. BMAY is defined as the average stock size maintained by a 
maximum constant harvest rate policy which is conditioned by the requirement that the stock 
be allowed to decrease below 0.2Bo in only 10% of the simulations. Under the CAY harvest 
strategy the mean mid-season biomass (BMAY) was estimated to be 0.37Bo (using the 
acoustics), and 0.36Bo (using the CPUE). 

Eastern stock 

The eastern stock CAY was estimated for the two-stock model in the same way as for the 
western stock. The CAY estimates are 85 000 t and 87 000 t for the acoustic and CPUE 
abundance indices respectively. Under the CAY harvest strategy the mean mid-season 
biomass (BmY) was estimated to be 0.39Bo (using either the CPUE or the acoustics). 

5.4.3 Long-term sustainable yield 

The long-term yield available from the hoki stocks depends on the strategy used to manage the 
fishery. The stock size will fluctuate because of recruitment variability and maximising the 
long-term yield would require a CAY harvest strategy. Based on the simulations done for the 
estimation of CAY, the long-term average yields for the western stock were estimated as 
0.1 6Bo (using the acoustics) and 0.1 7Bo (using the CPUE), and the long-term average yield 
for the eastern stock was estimated as 0.1 5Bo in both cases. 

In the western stock this would suggest a long-term yield of about 234 000 t based on the 
MIAEL estimate of 1.46 million t (using the acoustics), and 158 000 t based on the MIAEL 
estimate of Bn of 0.99 million t (using the CPUE). For the eastern stock, similar calculations 
suggest a long-term yield of 58 500 and 42 000 t based on the MIAEL estimate of Bo of 0.39 
(acoustics) and 0.28 (CPUE) million t respectively. 

6. RISK ESTIMATES 

Risk assessments have not yet been completed but will be reported in Cordue (in prep.). 



7. MANAGEMENT IMPLICATIONS 

7.1 Western Stock 

Estimates of current and virgin biomass are available for this stock. Two alternative scenarios 
are reported using WCSI acoustic and CPUE abundance indices separately in the models. The 
estimates of biomass are much higher using the series of acoustic abundance indices; virgin 
biomasses are 50% higher and the current stock sizes are double the estimates made using 
CPUE data. 

The results for both acoustics and CPUE only senarios suggest that the current biomass is 
much greater than BMsy (interpreted as BMAY in this assessment) and can sustain the expected 
catch level under the 1997-98 TACC for the next 5 years. For 1998-99, the estimates of 
CAY are much larger than the expected catch level, which suggests that higher yields could 
be taken from this stock in the short term. 

If increased hoki catch occurred in the WCSI spawning fishery, bycatch problems with hake, 
ling, and silver warehou may increase. 

7.2 Eastern stock 

Estimates of current and virgin biomass are also available for this stock. Estimates of virgin 
and current biomass for the eastern stock are higher using WCSI acoustic data than when 
using the WCSI CPUE abundance indices. 

The assessment suggests that the current biomass is above BMsy (Buy), and may remain 
above BMsy at the expected catch level under the 1997-98 TACC for the next 5 years. The 
estimate of CAY for 1998-99 is about the level of current catches. 
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Table la: Reported trawl catches (t) from 1969 to 198748,1969-83 by calendar 
year, 198344 to 1987-88 by fishing year (Oct-Sept). Source, FSU data 

Year 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 

l978* 
1979 
1980 
1981 
1982 
1983 
1983-84 
1984-85 
1985-86 
1986-87 
1987-88 

U.S.S.R. 

7 300 
3 900 

13 700 
36 300 
41 800 
33 500 
2 028 + 

4 007 
2 516 
2 718 
2 251 
3 853 
4 520 
1 547 
4 056 
1 845 
2 412 

Japan 
95 

414 
41 1 

1 636 
4 758 
2 160 
4 748 

24 830 
54 168 

1 296 
8 550 
6 554 
9 141 
7 591 
7 748 
7 897 
6 807 
6 413 
4 107 
4 159 

South Korea 

9 865 
4 580 
1 178 

2 

137 
93 
35 

499 
6 

10 

New Zealand 

Domestic Chartered Total 
95 

414 
41 1 

8 936 
8 658 

15 985 
41 110 
66 772 
97 750 

8 581 
24 100 
27 770 
32 802 
32 018 
40 141 
50 407 
43 670 
99 623 

I67 271 
230 339 

Catches for foreign licensed and New Zealand chartered vessels from 1978 to 1984 are based on estimated 
catches from vessel logbooks. Few data are available for the first 3 months of 1978 because these vessels did 
not begin completing these logbooks until 1 April 1978. 

+ Soviet hoki catches are taken from the estimated catch records and differ from official MAF statistics. 
Estimated catches are used because of the large amount of hoki converted to meal and not recorded as 
processed fish. 

Table lb: Reported catch (t) from QMS, estimated catch * (t) from TCEPR and 
CELR data, and TACC (t) for HOK 1 from 1986-87 to 1995-96 

Reported Estimated 
Year catch total catch TACC 

* Discrepancies between QMS data and actual catches 1986 to 1990 arose from incorrect surimi conversion factors. The 
estimated catch in those years has been corrected from conversion factors measured each year by Scientific Observers on the 
WCSI fishery. Since 1990 the current conversion factor of 5.8 has been used, and the total catch reported to the QMS is 
considered to be more representative of the true level of catch. Some of the catch data are under-estimated and some pro rata 
adjustment of the data up to QMS totals has been necessary. Minor discrepancies apparent after data have been checked also 
account for these differences. 

+ Estimated total catch for 1995-96 is at 196 000 t. but total landed catch comes to 208 000 t, and for 1996-97 is at 
2 19 000 t, although total landed catch comes to about 240 000 t. 



Table 2: Estimated total catch (t) of hoki by area, 1992-93 to 199697 

Sub- Cook Chatharn Rise Total 
Fishing year WCSI Antarctic Puysegur Strait (and ECSI) ECNI Null* catch 

* Area undefined because of missing positions or statistical areas. 
+ 1996-97 initial data were used in the stock assessment in 1997 and updated (final) after the stock assessment. 
# Estimated data pro-rated to reported catches. 

Table 3: Summary of data used in WCSI CPUE models 

Number of tows Tows with zero catch 
All Exclude All Exclude 

Year data < 43 m data < 43 m 

1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 initial 
1997 fmal 

Proportion zero tows 
All Exclude 

data < 43 m 

Table 4: Comparison of variables selected in WCSI CPUE combined model in order in which 
they entered the model down to 0.5% improvement in the model (1997 is for all vessels, and 1998 
excludes vessels less than 43 m) 

Variable Linear component Binomial component 
1997 analysis 1998 analysis* 1997 analysis 1998 analysis* 

1 Season Season Nation Nation 
2 Nation Nation Season Season 
3 Timeldepth Timeldepth Depth net Depth net 
4 Year Year Year Year+ 
5 Vessel length Vessel tonnage 
6 Headline height Headline height 
7. Depth net 

* Initial and final runs have the same variables 
+ Year came in at < 0.5% improvement 



Table 5: Relative year effects from the combined model of log(catch per nautical mile) for 
1987-97 in WCSI fishery for initial and final datasets. The initial index was presented to 
the Hoki Working Group in 1998 based on the initial dataset. The final index was 
presented to the Hoki Working Group and Plenary, and included significantly more data 

Linear component Binomial comvonent Combined index 

All data Exclude < 43 m* All data Exclude < 43 m* All data Exclude < 43 m* 
Initial Initial Final Initial Initial Final Initial Initial Final 

* Exclude < 43 m, analysis excluding data firom vessels under 43 m length 

Table 6: Summary of data used in Cook Strait CPUE models 

Year 

1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 initial 
1997 final 

Number Tows during Tows with 
of tows spawning season zero catch 

Proportion 
of zero tows 

0.033 
0.025 
0.017 
0.030 
0.042 
0.038 
0.029 
0.026 
0.029 
0.03 1 

Table 7: Comparison of variables used in Cook Strait CPUE combined model in 
order in which they entered the model down to 0.5% improvement in the model 

Variable Linear component 
1997 analysis 1998 analysis* 

1 Season Season 
2 Year Year 
3 LBD+ Headline height 
4 Longitude Longitude 
5 Headline height Vessel tonnage 
6 Depth bottom Depth bottom 
7 

Binomial comvonent 
1997 analysis 1998 analysis* 

Year Vessel power 
Vessel power Year 
Headline height Latitude 
Latitude Depth net 
Year built 
Depth net 
Longitude 

* Initial and final runs have the same variables 
+ Vessel length x vessel breadth x vessel tonnage 



Table 8: Relative year effects of the combined model for 1989-97 in Cook Strait 
fishery. The initial index is the index presented to the Hoki Working Group in 
1998 based on the initial dataset. The final index was presented to the Hoki 
Working Group and Plenary, and included significantly more data 

Linear component Binomial com~onent Combined index 

initial final 
1.00 1.00 
0.79 0.77 
0.51 0.50 
0.71 0.69 
0.64 0.63 
0.80 0.79 
1.05 1.05 
1.07 1.07 
0.88 0.80 

initial final 
1.00 1.00 
0.86 0.87 
0.63 0.63 
1.11 1.12 
1.36 1.37 
1.67 1.70 
1.06 1.07 
0.93 0.94 
0.95 1.02 

initial final 
1.00 1.00 
0.79 0.78 
0.51 0.51 
0.71 0.69 
0.63 0.62 
0.79 0.78 
1.04 1.04 
1.07 1.07 
0.89 0.80 

Table 9: Bycatch rates on vessels with observers in the hoki fishery 1993-94 to 1996-97. The 
WCSI and Cook Strait data cover the spawning season only 

Area Species 

WCSI (surimi Hoki 
vessels) Hake 

Ling 
Silver warehou 

WCSI (non-surimi Hoki 
vessels) Hake 

Ling 
Silver warehou 

Cook Strait Hoki 
Ling 

Puysegur Hoki 
Ling 
Silver warehou 
Hake 

Sub-Antarctic Hoki 
Hake 
Ling 
Silver warehou 

Chatham Rise Hoki 
Hake 
Ling 
Silver warehou 

Catch (t) % of hoki catch 

-, less than 0. 1 (except for Cook Strait 1994-95 and 199C97 where there are no observer data) 
Note: WCSI data from processed fish records in the Catch and Effort observer logbook data were used to enable the surimihon 
surirni split; other areas used tow by tow catch data from the Catch and Effort observer logbook data. 



Table 10: Results of ageing analysis, Chatham Rise hoki surveys January 1992-97. 
(Number of hoki x 104 

Females 
1 
2 
3 
4 
5 
6 
7+ 
Total 

Males 
1 6.1 87.2 45.4 17.1 93.6 7.4 6.9 11.0 
2 6.0 3.1 53.8 50.9 24.9 83.4 83.5 1.9 
3 35.0 8.0 2.1 19.7 40.8 11.9 9.9 43.1 
4 22.8 35.9 5.7 2.2 8.4 17.7 12.3 5.3 
5 3.6 20.8 15.1 3.4 1.2 11.5+ 10.3 2.6 
6+ 3.3 6.1 10.8 10.2 7.3 9.1 2.9 
Total 77 161 133 104 176 132 132 67 

* numbers at age estimated using mix software 
+ indicates plus group of older fish combined. 

Table 11: Acoustic snapshot estimates of the 1997 WCSI spawning hoki biomass 
(excluding stratum 0) 

Snapshot 

1 
2 
3 
4 
5 
6 
7 
Mean 

Date 

12 Jul- 16 Jul 
16 Jul- 19 Jul 
24 Jul - 28 Jul 
28 Jul - 3 1 Jul 
31 Jul- 3 Aug 
3 Aug - 6 Aug 
7 Aug - 9 Aug 

Estimate 
('000 t) 

693 
473 
542 
664 
73 8 
756 
644 

Table 12: Snapshot estimates by stratum for the 1997 WCSI spawning hoki biomass 
(' 000 t). A 'I-" or an italicised entry indicates that a stratum was not surveyed. The 
italicised entries were obtained from the previous snapshot and were used in the 
calculation of the biomass index and the snapshot estimates 

Stratum 
Snapshot 0 1&2 4 5A 5B 6 7 
1 
2 89 260 187 109 26 7 8 3 2 
3 214 107 240 18 6 69 32 
4 140 150 138 44 29 128 5 3 
5 186 125 31 1 89 29 94 17 
6 12 1 299 97 33 171 1 7  
7 143 205 135 8 5 151 37 
Mean 157 151 230 82 35 115 3 1 



Table 13: Acoustic indices of hoki biomass for WCSI spawning seasons 1988-1993, 
and 1997. The indices have been adjusted for background species by assuming a low 
and constant background density of non-hoki targets in the survey area. The indices 
have been assigned c.v.s according to the procedure in Cordue et al. (1992) assuming a 
median c.v. of 0.25 

Biomass Normalised Number 
index biomass of 

Year ('000 t) index snapshots c.v.(%) 

Table 14: Acoustic estimates of the mean percentage of hoki biomass outside the 25 
nautical mile closed area for 1988 to 1993, and 1997. The adjusted percentages were 
obtained by assuming a low and constant background density of non-hoki targets in 
the survey area. The mean is assumed in non survey years 

Year Mean % outside Adjusted % 

1988 
1989 
1990 
1991 
1992 
1993 
1997 
mean 

Table 15: Acoustic snapshot estimates of the 1997 Cook Strait spawning hoki biomass 

Estimate 
Snapshot Date ('000 t) C.V. (%) 

1 2417 - 2617 90 
2 2817 - 2917 89 
3 118 - 218 128 
4 718 - 818 188 
5 918 - 918 135 
6 1118 - 1218 111 
Mean 124 



Table 16: Snapshot estimates by stratum for the 1997 Cook Strait spawning hoki 
biomass ('000 t). The strata, in ascending order, are: Narrows Basin, Cook Strait 
Canyon, Nicholson Canyon, Wairarapa Canyon, a region connecting the previous 
three canyons (split into 5A and 5B in 1995), and Terawhiti Sill. A "-" or an italicised 
entry indicates that a stratum was not surveyed. The italicised entries were obtained 
from the previous snapshot and were used in the calculation of the biomass index and 
the snapshot estimates 

Snapshot 
1 
2 
3 
4 
5 
6 
Mean 

Stratum 
1 2 3 4 5A 5B 6 

Table 17: Acoustic indices of hoki biomass for Cook Strait spawning seasons 1988, 
1991-1997 

Survey Biomass index ('000 t) Normalised Number of 
Year Dates Original *Corrected index snapshots C.V. (%) 

* correction factor applied to 1995 and 1996 biomass indices to account for the possibility that the peak biomass abundance of 
these seasons had not been surveyed 



Table 18: Biological parameters for the hoki stock reduction 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 (Horn & Sullivan 1996): 

Females Males 
K to L, K to L m  

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 .O 
Plus group 20 years and older 

Table 19: A description of the data used in the two-stock MIAEL estimation 
procedures. The years for individual time series are indicated by ranges when the 
years are consecutive, and are enclosed in curly brackets when they are not 

Survey  area 

WCSI 

Subantarctic 

Southland 

Cook Strait 

Chatham Rise 

~ c o u s t i c s ~  
CPUE' 
Observers (otoliths) 

Observers (MIX) 
Shinkai Maru (MIX) 
Amatal Explorer (MIX) 
Tangaroa (otoliths) 

Tangaroa (length data) 

Acoustics 
Shed sampling (otoliths) 

Observers (MIX) 
Shinkai Maru (MIX) 
Amatal Explorer (MIX) 
Tangaroa (MIX) 
Tangaroa (otoliths) 

Data  type  Years  Ages 

Biomass 
Biomass 
Catch proportions 

Catch proportions 
Numbers 
Numbers 
Numbers 

Numbers 

Biomass 
Catch proportions 

Catch proportions 
Numbers 
Numbers 
Numbers 
Numbers 

Ma le  Female 

- 
- 

,3-12 

2-6' 
3-6' 
2-6' 
1-12' 

1-2 

- 

3-12 

2-6' 
2-6' 
2-6' 
1-6' 
6-1 1' 

* For trawl surveys the vessel name is given with the method of ageing in parentheses 
+ Denotes a plus group 
# Used in the "CPUE" run with the WCSI acoustics time series excluded. 
S Used in the "acoustics" run. with the WCSl CPUE time serles excluded. 



Table 20: Least squares estimates of year class strength for the western hoki stock 
using WCSI acoustic and CPUE abundance indices 

Year 

1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 

Least squares 
estimate 
0.05 
0.52 
1.20 
1.40 
0.66 
0.10 
1 .oo 
0.39 
1.20 
0.55 
0.44 
0.26 
2.00 
0.71 
0.09 
0.45 
2.70 
3.60 
3.00 
4.40 
0.58 

WCSI acoustics 
Lower Upper 
bound bound 
0.05 1.60 
0.24 0.98 
0.79 1.80 
0.82 1.80 
0.4 1 0.86 
0.06 0.25 
0.62 1.20 
0.19 0.53 
0.86 1 S O  
0.40 0.7 1 
0.29 0.5 1 
0.18 0.35 
1 S O  2.40 
0.55 0.86 
0.05 0.25 
0.2 1 0.50 
1.70 . 3.30 
2.10 4.30 
1.20 3.10 
1.10 4.70 
0.34 0.65 

Least squares 
estimate 
0.05 
0.68 
1.60 
2.10 
1 .oo 
0.12 
1.30 
0.57 
1 S O  
0.62 
0.48 
0.27 
1.80 
0.65 
0.08 
0.34 
1.90 
2.50 
2.30 
3.20 
0.53 

WCSI CPUE 
Lower Upper 
bound bound 
0.05 2.00 
0.39 1.10 
1.10 2.30 
1.60 3.10 
0.59 1.40 
0.07 0.25 
0.89 1.90 
0.3 1 1 .OO 
1.20 2.50 
0.43 0.94 
0.30 0.61 
0.14 0.35 
1.70 2.60 
0.33 0.82 
0.05 0.25 
0.17 0.40 
1.30 2.30 
1 S O  3.20 
1 .OO 2.70 
1.10 3.60 
0.3 1 0.59 

Table 21: Least squares estimates of year class strength for the eastern hoki stock 
using WCSI acoustic and CPUE abundance indices from the western stock in the two- 
stock model 

WCSI acoustics WCSI CPUE 
Year 

1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
I988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 

Least squares 
estimate 
0.05 
0.12 
0.46 
0.43 
0.79 
1.70 
0.12 
0.54 
0.85 
0.44 
0.97 
0.49 
1.70 
4.30 
0.07 
0.67 
0.66 
1.30 
1.60 
4.20 
0.58 

Lower 
bound 
0.05 
0.05 
0.05 
0.05 
0.05 
0.84 
0.05 
0.12 
0.47 
0.18 
0.39 
0.05 
0.93 
2.80 
0.05 
0.35 
0.09 
0.28 
0.75 
2.20 
0.34 

Upper 
bound 
3.20 
1.40 
0.97 
1.30 
2.00 
2.90 
0.45 
0.71 
1.30 
0.62 
1.70 
0.61 
2.80 
5.50 
0.25 
0.95 
1.20 
2.70 
3.20 
7.60 
0.65 

Least squares 
estimate 
0.05 
0.13 
0.37 
0.5 1 
0.32 
1.70 
0.1 1 
0.43 
0.76 
0.42 
0.94 
0.42 
1.50 
4.80 
0.06 
0.68 
0.77 
1 .SO 
1 s o  
4.70 
0.53 

Lower 
bound 
0.05 
0.05 
0.05 
0.05 
0.05 
0.77 
0.05 
0.05 
0.17 
0.06 
0.38 
0.05 
0.67 
3.60 
0.05 
0.16 
0.05 
0.86 
0.09 
2.40 
0.3 1 

Upper 
bound 
2.90 
0.70 
0.83 
1.40 
1.60 
2.30 
0.4 1 
0.65 
1.30 
0.73 
1.40 
0.65 
2.50 
7.30 
0.25 
1.30 
1.80 
3.30 
3.40 
7.20 
0.59 



Table 22: Western stock biomass estimates using MIAEL procedure. BO is in millions 
of tonnes. BCurrent is the 1998 mid-season biomass on the spawning grounds as a 
percentage of virgin biomass (Bo) 

WCSI acoustics WCSI CPUE 
Range Info Range Info 

Min Max Estimate Index Min Max Estimate Index 
Bo 0.75 4.73 1.46 80% 0.51 3.35 0.99 63% 

Table 23: Eastern stock biomass estimates for MIAEL procedure using the indicated 
abundance indices from the western stock in the two-stock model. BO is in millions of 
tonnes. BCurmt is the 1998 mid-season biomass on the spawning grounds as a 
percentage of virgin biomass (Bo) 

WCSI acoustics WCSI CPUE 
Range Info Range Info 

Min Max Estimate Index Min Max Estimate Index 
Bo 0.1 1 1.49 0.39 85% 0.09 1.41 0.28 77% 

Table 24: Catch to beginning of fishing-period biomass ratios in each of the four 
fishing grounds in the two-stock model corresponding to the CAY fishing 
mortalities 

Hoki mounds WCSI acoustics WCSI CPUE 

Nursery 
Eastern spawning 
Western home 
Western spawning 

Table 25: The MIAEL estimates of beginning of year biomass (' 000 000 t) 

Info. 
Run Ground Min. Max. Estimate index 

CPUE Nursery 1.3 5.2 2.2 47% 
Western home 0.6 4.3 1.3 59% 

Acoustics Nursery 1.3 5.6 2.7 5 8% 
Western home 1.4 8.5 3.6 59% 



Year 

Figure 1: Total New Zealand hoki catch estimated from reported landings for calendar years 1972-83 and fishing 
years 1983-84 (84) to 1996-97 (97). Catch from the eastern hoki stock includes the Chatharn Rise and Cook 
Strait, and the western hold stock includes catches from WCSI, Sub-Antarctic, and Puysegur. The dotted lines 
are the TACC level for that fishing year. 
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Figure 2: Monthlv catch of hoki bv area in the 1996-97 fishing vear. 



Figure 3:  Monthly distribution of trawl positions targeting hoki in the 1996-97 fishing year. 
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Figure 4: Comparison of the index for the WCSI fishery, excluding vessels less than 43 m, from the 
(a) Combined model (1997 final analysis, and 1998 initial and final analyses), and (b) 1998 analysis 
standardised and unstandardised indices. 



Figure 5: Tow by tow positions of hoki catches in Cook Strait for the 1990 to 1997 spawning 
seasons (June to October). 
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Figure 6: Comparison of the index for the Cook Strait fishery from the 1998 analysis Combined 
model (a) initial and final data sets with the index from the 1997 Combined model, and (b) 
standardised and unstandardised 1998 indices. 
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Figure 6 continued: (c) 1998 Combined model complete data set with the index from data 
excluding the Narrows Basin and southern tows. 



Figure 7a: Position of all hoki catches where hoki was the reported target species caught by the 
commercial fleet in the 1996-97 fishing year 



Figure 7b: Position of all tows in the 1996-97 fishing year sampled by scientific observers for hoki 
length frequency 
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Figure 8a: Length frequency of female hoki taken in commercial catches from west coast South Island 
spawning fishery from 1988 to 1997 (sampled at sea by Scientific Observer Programme; n is the 
number of tows sampled; no. is the number of fish sampled; numbers above the histogram mark year 
class modes, e.g., 91 = 1991 year class). 
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Figure 8b: Length frequency of male hoki taken in commercial catches from west coast South Island 
spawning fishery from 1988 to 1997 (sampled at sea by Scientific Obsewer Programme; n is the 
number of tows sampled; no. is the number of fish sampled; numbers above the histogram mark year 
class modes, e.g., 91 = 1991 year class). 
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Figure 9: Length frequency of male and female hoki taken in commercial catches from west coast 
South Island spawning fishery from 1997, by weekly strata (sampled at sea by Scientific Observer 
Programme; n is the number of tows sampled). 
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Figure 9: Continued. 
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Figure 10: Catch at age data for female and male hoki taken in commercial catches from west coast 
South Island spawning fishery from 1988 to 1997 (sampled at sea by Scientific Observer 
Promamme: n is the number of fish aged). 
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Figure 1 la: Length frequency of female hoki taken in commercial catches from Cook Strait spawning 
fishery 1988 to 1997 (sampled in the sheds by the Stock Monitoring Programme; n is the number of 
landings sampled; no. is the number of fish sampled; numbers above the histogram mark year class 
modes, e.g., 9 1 = 199 1 year class). 
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Figure 11 b: Length frequency of male hoki taken in commercial catches from Cook Strait spawning 
fishery from 1988 to 1997 (sampled in sheds by the Stock Monitoring Programme; n is the number of 
landings sampled; no. is the number of fish sampled; numbers above the histogram mark year class 
modes, e.g., 91 = 1991 year class). 
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Figure 12: Monthly length frequencies of female hoki taken in commercial catches from Cook Strait 
fishery from May to September to 1997 (sampled in sheds by the Stock Monitoring Programme; n is 
the number of landings sampled). 
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Figure 13: Mean length of female (circles) and male (squares) h o l  taken in commercial catches from 
Cook Strait fishery 1995-97. Lines are a lowess fit. (sampled in sheds by the Stock Monitoring 
Programme). 
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Figure 14: Catch at age data for female and male hoki taken in commercial catches from Cook S'trait 
spawning fishery from 1988 to 1997 (sampled in sheds by the Stock Monitoring Programme; n is 
the number of fish aged). 
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Figure 15a: Length frequency of female hoki taken in commercial catches from different areas during 
the 1996-97 fishing year (all sampled by Scientific Observer Programme, except Cook Strait which 
was sampled by the Stock Monitoring Programme; n is the number of tows or landings sampled per 
area; no. is the number of fish sampled; percent frequency refers to numbers of fish; numbers above 
the histogram mark year class modes, e.g., 94 = 1994 year class). 
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Figure 15b: Length frequency of male hoki taken in commercial catches from different areas during 
the 1996-97 fishing year (all sampled by Scientific Observer Programme, except Cook Strait which 
was sampled by the Stock Monitoring Programme; n is the number of tows or landings sampled per 
area; no. is the number of fish sampled; percent frequency refers to numbers of fish; numbers above 
the histogram mark year class modes, e.g., 94 = 1994 year class). 
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Figure 16a: Scaled length frequency of female hoki caught in the trawl surveys of the Chatham Rise by 
Tangaroa, January 1992 to January 1998. (n is the scaled number of fish; no. is the number of fish 
sampled; numbers above the histogram mark year class modes, e.g., 91 = 1991 year class). 
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Figure 16b: Scaled length frequency of male hoki caught in the trawl surveys of the Chatham Rise by 
Tangaroa, January 1992 to January 1998. (n is the scaled number of fish; no. is the number of fish 
sampled; numbers above the histogram mark year class modes, e.g., 91 = 1991 year class). 
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Figure 17: Percentage length frequency of holu caught in a trawl survey of Chatham Rise by 
Tangaroa, January 1998 (TAN9801). The dotted lines show the normal distributions of the age classes 
fitted using MIX, while the solid line is the total of all age classes (n is the number of fish measured 
in the survey). 
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Figure 18: Acoustic indices of spawning hoki biomass on the WCSI 1988-93 and 1997 
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Figure 19: Acoustic biomass indices for spawning hoki in Cook Strait for 1988, and 
1991-97. Dotted lines show adjusted indices for 1995 and 1996. 
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Figure 20: A diagrammatical 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. 
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Figure 2 1 : MIAEL results: biomass 
trajectories from the minimum and 
maximum virgin biomasses for the western 
stock using WCSI series of acoustic 
abundance indces. The MIAEL estimate of 
current biomass is marked with a black dot 
(1 10% Bo). 

Figure 22: MIAEL results: biomass 
trajectories from the minimum and 
maximum virgin biomasses for the western 
stock using WCSI CPUE series of 
abundance indices. The MIAEL estimate of 
current biomass is marked with a black dot 
(56% Bo). 
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Figure 23: MIAEL results: biomass 
trajectories from the minimum and 
maximum virgin biomasses for the eastern 
stock using WCSI series of acoustic 
abundance indlces. The MIAEL estimate of 
current biomass is marked with a black dot 
(70% Bo). 

Figure 24: MIAEL results: biomass 
trajectories from the minimum and 
maximum virgin biomasses for the eastern 
stock using WCSI CPUE series of 
abundance indices. The MIAEL estima1:e of 
current biomass is marked with a black dot 
(49 % Bo). 


