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EXECUTIVE SUMMARY 

Ballara, S.L.; Livingston, M.E. (2001). Catches, size, and age structure of the 1998-99 hoki 
fishery. 
New Zealand Fisheries Assessment Report 2001/6. 63 p. 

This report presents and updates the catch by area and the length and age structure of hoki caught 
commercially during the 1998-99 fishing year. Length frequency and catch-at-age data are presented 
from spawning and non-spawning fisheries, and are compared with those from previous years. Biomass 
indices from an acoustic survey of Cook Strait, and a trawl survey of the Chatham Rise in January 2000, 
are also presented. Current research and recent publications are briefly described. Although the data 
summarise the results of commercial and research sampling from the fishery in the 1998-99 fishing 
year, no formal stock assessment for hoki was carried out during 2000. These data, and new data to be 
collected during the 1999-2000 fishing year, will be incorporated in the hoki stock assessment in 2001. 

In 1998-99, the total reported hoki catch was 244 500 t, a drop from the 1997-98 level. The TACC was 
slightly under-caught. The drop in catch was reflected in less fishing effort on both the WCSI and in 
Cook Strait. Catches for the non-spawning areas remained at similar levels to those in 1997-98. 

Length frequencies and catch-at-age results from the commercial fleet show that most of the catch in 
1998-99 was dominated by medium sized fish from year classes spawned from 1991 to 1994. Male hoki 
from the 1995 and 1996 year classes are clearly evident in both west coast South Island (WCSI) and 
Cook Strait spawning fisheries, but females from these year classes are not so evident. The 1995 year 
class appears to be weaker than preceding year classes, but is relatively stronger in Cook Strait than on 
the WCSI. The 1995 year class is relatively fast growing, and merges with the 1994 year class length 
mode. The 1996 year class is also fast growing. Fish from the strong 1987 and 1988 year classes are 
now a minor part of the catch. 

The biomass of spawning hoki estimated by the acoustic survey in Cook Strait in 1999 was higher 
than in 1998. This contrasts with the trawl survey biomass estimate in January 2000 which showed a 
57% drop in biomass of hoki aged 3 years and over since January 1999. It is unclear at this stage how 
much of this drop is due to movement of the 1991-1994 year classes away from the Chatham Rise, 
and subsequent weak recruitment, as catches on the Chatham Rise have been maintained at their 
highest level in the last 3 years. 



1. INTRODUCTION 

In previous years, a publication summarising the hoki fishery, research results and the stock assessment 
results for the most recent fishing year has been produced annually (eg Ballara et al. 1997, 1998a, 
1998b, and 2000). However, during the most recent stock assessment, in March 2000, CPUE analyses 
and hoki model runs were not updated, and a stock assessment for hoki was not carried out (see Annala 
et al. 2000). A discussion of the CPUE and stock assessment results from 1999 is given in Ballara et al. 
(2000). Catch statistics and commercial sampling fiom the 1998-99 fishing year, and results from other 
research programmes that continued beyond stock assessment 1999 are presented in this report. This 
includes the results of an acoustic survey of Cook Strait in July-August 1999, and a trawl survey of the 
Chatham Rise in January 2000. 

1 .I Background to  the hoki fishery 

Historically, the main fishery for hoki has operated from late June to late August on the west coast 
South Island (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. In 1988 another 
fishery developed on large spawning aggregations of hoki in Cook Strait. The spawning season in 
Cook Strait also runs from late June to mid September, peaking in July and August. 

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. There are also anecdotal reports of spawning 
hoki being caught near the Snares Islands, Chatham Islands, and several locations off the east coast 
North Island (ECNI). Since 1991-92, substantial fisheries have developed on the Chatham Rise and, 
to some extent, in the Sub-Antarctic. These fisheries are generally outside the spawning season, when 
hoki disperse to their feeding grounds, and operate in depths of 400-800 m. Other out of season 
catches are taken from Cook Strait and ECNI, but these are small by comparison. 

The hoki fishery was developed by Japanese and Soviet vessels in the early 1970s (Table 1). 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 (EEZ) 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 a year until 1986, when the TACC was increased. It 
expanded to an estimated catch in 1987-88 of about 255 000 t (Table 2). The annual catch ranged 
between 175 000 and 215 000 t from 1988-89 to 1995-96. In 1996-97, catches increased to 246 000 t, 
higher than in any previous year, except 1987-88, and in 1997-98, the TACC was over-caught by 19 
000 t, with the 269 000 t catch the highest on record. The pattern of fishing has changed markedly since 
1987-88 when over 90% of the total catch was taken in the WCSI spawning fishery. Generally, the 
catch from the WCSI declined steadily each year after 1988-89 until 1996-97 when it began to 
increase again (Table 3). In Cook Strait, catches have risen from 1988-89 to 1995-96 but have since 
dropped. In 1998-99, out of season catches on the Chatham Rise were at a similar level to those in 
1997-98, at 74 000 t, and catches from the Sub-Antarctic at 23 000 t have been at a similar level for 
the last 3 years. 

From 1986 to 1990 surimi vessels dominated the catches and took about 60% of the annual WCSI catch. 
However, since 1991 the surirni 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 fillets from 
both spawning and non-spawning fisheries. Since 1994-95, there has been an increase in the number 
of vessels under 43 m total length, and fishing inside the 25-n.mile line on the WCSI has increased. 



1.2 The hoki research programme 

The size of the hoki fishery and the complexity of the life cycle has resulted in a high level of research 
activity for the past decade. An age-structured model tailored to assess hoki stocks has been developed 
and was used in 1998 and 1999 (Cordue 2000): The new model and associated hoki research 
requirements were reviewed extensively in August 1999 (Quinn & Sullivan 1999), and projects to 
address issues raised by the review are in progress and will be incorporated in the stock assessment in 
2001. The results of the January 1999 ChathamRise trawl survey are available in a report by Bagley & 
Livingston (2000). Acoustic investigations and the vertical distribution of hoki on the Chatharn Rise in 
January 1999 were reported by Bull (2000). The results from the January 2000 trawl survey are 
sumrnarised below, as are the results from the acoustic suvey of Cook Strait in winter 1999. A study of 
the sex ratios of hoki and the implications for sex selectivity in the model has been completed 
(Livingston et al. 2000) and an estimate of the maturity ogive and proportion of western stock hoki 
spawning in 1998 made (Livingston & Bull 2000). The updated catch statistics (discussed in detail 
below) and stock assessment results from 1999 were summarised by Annala et al. (2000). 

2. HOKl FISHERY 1998-99 

2.1 Catch and effort information 

2.1.1 Total Allowable Commercial Catch (TACC) 

In the 1998-99 fishing year the TACC for HOK 1 was 250 000 t. This applied to a11 areas of the EEZ, 
except the Kermadec Fishery Management Area which had a TACC of 10 t. The HOK 1 TACC 
remained at 250 000 t for the 1999-2000 fishing year. 

Except for restrictions on chartered vessels fishing inside the 12 n. mile Territorial Sea and a maximum 
size restriction of 46 m for vessels fishing within 25 n. mile in certain areas, allocated quota may be 
taken from any area in HOK 1. On the WCSI, the 25 n. mile line closes some of the hoki spawning area 
in the Hokitika Canyon and much of the area south to the Cook Canyon to vessels over 43 m. In Cook 
Strait, the entire spawning area is closed to vessels over 46 m. In October 1998, the maximum size 
restriction of 43 m for vessels fishing within 25 n. mile in certain areas was increased to 46 rn 

2.1.2 Catch history 

The total annual catches of hoki within the EEZ from 1969 to 1998-99 are given in Tables 1 and 2. 
Table 2 shows catches from 1986, corrected each year by conversion factors measured by scientific 
observers in the WCSI fishery, and for any error discrepancies following data checking. In 1998-99 the 
TACC was under-caught by 5500 t, with the total reported hoki catch at 244 500 t having dropped by 24 
500 t from 1997-98 (Table 2). 

The total estimated catch data (Catch Effort and Landing Return' (CELR) and Trawl Catch Effort and 
Processing Return (TCEPR) data) came to 234 000 t. As the final data extraction was done in March 
2000, most of the data will have been extracted, but a small amount of data may still not have been 
recorded on the database. To scale up estimated catches to the 244 500 t total, 3000 t, 5000 t and 2500 t 
were added to the Cook Strait, WCSI, and Chatham Rise September catch totals respectively. 

Catches by area since 1988-89 are given in Table 3 and Figure 2. The total catch decrease in 1998-99 
was the result of less fishing effort on both the WCSI and in Cook Strait compared with 1997-98. The 
WCSI has nevertheless remained the highest in the fishery since 1988-89. In 1998-99, WCSI catches 
dropped by about 10 000 t, back to the 1996-97 level. This is the frst year that WCSI catches have 



decreased since 1995-96. In Cook Strait, catches dropped for the third year running, and in 1998-99 
catches decreased to 46 000 t, a drop of 7000 t from 1997-98. 

Catch estimates for the non-spawning eastern hoki remained at similar levels to those 1997-98, at 
74 000 t from the ECSI and Chatham Rise and 2000 t from the ECNI. Chatham Rise catches have been 
increasing since 1993-94, and in 1998-99 were at a similar level to those in 1997-98. This was the 
second-largest hoki fishery in the EEZ for the second year running. The Sub-Antarctic and Puysegur 
catches were at about the same level as in 1997-98. 

The monthly distribution of catches of hoki throughout the year by area shows that the Chatham Rise 
catch was taken throughout the year outside the spawning season (Figure 3a). The Sub-Antarctic catch 
was also taken over most of the year, with most of the catch taken from March to June. 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 in small amounts from October to May. Fishing 
at Puysegur occurred during the spawning season. Small catches were taken all year round from the 
ECNI. The monthly distributions of catches of hoki throughout the year for WCSI, Cook Strait, 
Chatham Rise, and Sub-Antarctic for 1992-93 to 1997-98 are also presented (Figures 3b and 3c) and 
are similar to those in 1998-99. 

2.1.4 Bycatch 

Estimates of bycatch in the hoki fishery were determined from data collected by scientific observers on 
vessels targeting hoki. The bycatch rate (defined as the percentage of the hoki catch) was estimated for 
hake, ling, silver warehou, and spiny dogfish (Table 4). On the WCSI, the overall hake bycatch at 5.9% 
remained high in 1998-99 (with the non-surimi fleet bycatch rate even higher at 8.5%). The ling bycatch 
on the WCSI was at the same level as in 1997-98. Ling and spiny dogfish were the main bycatch 
species in Cook Strait and Puysegur. 

In the non-spawning fisheries, bycatch rates in the Sub-Antarctic for hake and ling were higher than on 
the Chatham Rise compared to 1997-98. Many other bycatch species are also taken, particularly in the 
non-spawning fisheries, but bycatch rates are usually less than 1%. 

2.2 Size composition of commercial catches 

The main target fisheries in 1998-99 were identified by extracting catch and effort data from the 
Ministry of Fisheries database for WCSI, Puysegur, and Cook Strait during the spawning season; and 
Chatham Rise, Sub-Antarctic, and ECNI outside the spawning season. 

Data to estimate length frequencies were extracted from the Ministry of Fisheries scientific observer 
database for all fisheries. Length frequencies scaled to total catch of hoki were estimated for each 
fishery. A total of 1518 observer samples were extracted from the scientific observer database, of which 
5 11 came from the WCSI. From Cook Strait, 122 samples were collected at sea under the Scientific 
Observer Programme (SOP), and 48 samples from catch sampling of landed fish camed out under 
MFish Project HOK1999/04. The SOP obtained 522,303, 38, and 6 length frequency samples from the 
Chatham Rise, Sub-Antarctic, ECN, and Puysegur respectively. Individual length samples collected at 
sea were scaled up by the trawl catch, and data collected from landed fish were scaled up by the landed 
weight. Length frequencies from the WCSI were stratified into weekly time periods throughout the 
season, although adjacent strata were combined if there were fewer than 10 samples available. In the 
other areas, length frequency strata were based on appropriate time periods throughout the year when 
sufficient data were available. Each stratum was scaled up by the total catch of the fishery for that 
stratum. For the Cook Strait catch sampling data, each stratum was also scaled according to port of 



landing (Wellington, or South Island (Nelson and Picton combined)), and vessel size (under 30 m, 30- 
40 m, and over 40m), before being scaled up to the total fishery catch. 

The interpretation of the length frequencies was derived from examining length frequency patterns 
and ageing data from the areas which have similar patterns, i.e., western areas WCSI and Sub- 
Antarctic, or eastern areas Chatham Rise and Cook Strait. Knowledge of year class strengths was also 
used to interpret length frequencies. 

A total of 2403 hoki otoliths were collected from Cook Strait, and 2006 otoliths were collected from 
the WCSI spawning fisheries from June to September 1999. Sub-samples of 756 and 804 otoliths 
from Cook Strait and the WCSI respectively were selected, prepared, and read using the technique 
described by Horn & Sullivan (1996). Each sample was derived by randomly selecting a set number 
of otoliths from each of a series of 5 cm length bins covering the bulk of the catch and then manually 
selecting additional otoliths to ensure the tails of the length distribution were represented. The chosen 
sample sizes approximated those necessary to produce mean weighted c.v.s of less than 20% across 
all age classes, in each of the spawning areas. 

The ageing technique of Horn & Sullivan (1996) has refmed, resulting in a two-step process, the first 
of which applies the original method of Horn & Sullivan (Cordue et al. 2000). The numbers at age 
reported here both from commercial and research samples have been derived from this first step and 
are therefore directly comparable to those from previous years. The second step gathers additional 
information from otoliths to improve the accuracy of the ageing (Cordue et al. 2000). The technique 
for deriving numbers at age incorporating this second step is still under development (variation and 
deviation of MFish Project HOK1999/04), and has not been applied to any data presented in this 
report. 

In the absence of otolith samples from the Chatham Rise and Sub-Antarctic, analysis of the length 
frequency data to obtain numbers at age used MIX software (MacDonald & Green 1988). Unlike the 
spawning fisheries, samples from the Chatham Rise and the Sub-Antarctic are collected throughout 
the year which can blur length modes that are well defined when the sample covers a short time span, 
such as during a trawl survey. Other limitations of MIX include the necessity of combining fish that are 
6 year or older into a plus group as the length modes cannot be distinguished from the length frequency 
distribution. Further problems can occur when the fleet is not sampled representatively, for example, if 
observers sampling vessels that tend to be targeting one depth range at one stage of the season are then 
transferred to vessels sampling a different depth range at another stage of the season, the length 
frequencies may not be representative of the overall hoki catch. In the fishing year 1999-2000, otoliths 
are being collected to obtain age data from the Chatharn Rise commercial fishery, and it is anticipated 
that this will extend to the Sub-Antarctic in future years. In this report, however, the numbers at age 
from non-spawning fisheries were derived solely using MIX. 

Figure 4a shows the positions of all tows by the commercial fleet (excluding commercially sensitive 
positions which make up 2.1% of tows) for which hoki was the reported target species in 1998-99, and 
Figure 4b shows the position of all observed tows sampled for hoki length frequency distributions by the 
SOP. 

2.2.1 Spawning fisheries 

West Coast South Island 

In winter 1999, the WCSI female length frequency data showed the adult mode as a broad 
distribution, made up primarily of the 1991 to 1994 year classes (Figure 5a). The distribution is 
slightly bimodal, with the mode on the left representing the 1994 year class, and the mode on the 



right making up the 1991-93 year classes. The 1995 year class appeared weak, and has merged with 
the left shoulder of the strong 1994 year class mode. The 1996 year class mode was at about 60 cm, 
and this appears to be a relatively fast growing year class. There was little evidence of the 1997 year 
class. Fish from the strong 1987 and 1988 year classes are now a minor part of the catch. 

The WCSI male data (Figure 5b) showed a broad distribution with a main mode (peaking at 71 cm) 
made up of the 1991 to 1995 year classes. The mode represented the 1994 year class, with the weak 
1995 year class directly to the left of the 1994 year class mode. The 1991-93 year classes are not 
apparent as a distinct mode, but extend to the right of the 1994 mode to about 85 cm. There were very 
few males from the 1987 and 1988 year classes evident. The juvenile male modes were more 
pronounced, but had mean lengths lengths similar to those of juvenile females. The 1997 year class 
appears to be weak, and like the 1995 and 1996 year classes in the 1997 and 1998 seasons 
respectively, is proportionally much less pronounced as 2 year olds than were the 1991-94 year 
classes. 

Weekly length frequencies (Figure 6) showed catches of female fish in July dominated by fish from 
the 1991-93 year classes. From the end of July, the proportion of smaller fish from the 1994 year 
class increased and dominated the catches. However, during August, the 1991-93 year classes again 
dominated the catch, dropping off in late August, with the 1994 year class once more dominating the 
catch. Catches of male hoki contained few large fish over 85 cm in 1999, and were dominated by the 
1994 year class most of the season. Fish from the 1991-93 year cIasses dominated much of the male 
catch from mid July. For both sexes the 1996 and 1997 year classes were present in the catch in small 
amounts, but by the end of the season, lesser proportions of these year classes were seen in the catch. 
The 1997 year class was more apparent for the males in August than for the females. Few fish over 
90 cm were taken all season. 

From 1988 to 1997, the mean length per tow (Figure 7) declined throughout the season. However, in 
1998, the mean length per tow appeared to increase for male fish, in part due to the lack of the 1987 
and 1988 year classes at the beginning of the season, and in part due to the smaller fish dominating 
the catch during late July and early August. In 1999, the mean length per tow for males levelled off, 
as there were not a lot of fish early on in the season to increase the mean at the beginning of the 
season. The 1999 mean length per tow for females also appeared to be levelling off. 

Catch-at-age data for WCSI showed that most of the catch was dominated by the medium sized fish 
from the 1991 to 1994 year classes (ages 5-8) in both the females and males (Figure 8). Very few 
1987 or 1988 hoki were caught (ages 1 1 and 12). The 1992 and 1994 year classes (age 5 and 7) were 
the stronger year classes in the females. For the males, the 1995 and 1996 year classes also were a 
strong component of the catch nearly at the same level as the 1992 and 1993 year classes. The 1995- 
1997 year classes (ages 2-4) are more evident in the male catch than the female carch. This supports 
the view that male hoki tend to mature younger, and therefore recruit to the spawning fisheries 
earlier, than females. 

Cook Strait 

The Cook Strait female length frequency (Figure 9a) showed a broad distribution from about 67 to 95 
cm comprising the 1991 to 1994 year classes and older fish from the 1987 and 1988 year classes. No 
clear year class modes were apparent. There were slightly fewer large female fish over 90 cm taken in 
the 1998-99 season than in the 1996-97 and 1997-98 seasons. The male distribution was dominated 
by the 1994 year class which peaked at 68 cm length (Figure 9b). A mode at 68 cm probably 
comprises fish from the 1991-93 year classes. There fewer large male fish than females. As for the 
WCSI fish, the 1995 year class had merged on the left shoulder of the 1994 year class in both males 



and females. There were very few 1996 male or female hoki compared to previous years 3 year old 
year classes in Cook Strait, and again this year class seems to be growing quickly. 

Cook Strait observer samples have a similar overall distribution to the catch sampling data (Figure 10). 
The male observer data has proportionally slightly less of the 1994 year class mode. Both samples 
showed that a greater proportion of larger fish, particularly females, was evident during the spawning 
season, especially during July and August (Figures 11 and 12). In June there were not many females 
over 75 cm, and in July and August there were many fish in the 75 to 100 cm range. The proportion of 
large females dropped back again in the September samples. The change in size of female fish is also 
shown with the increase and then 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. The mean size of male hoki appears to 
be relatively constant throughout the 1999 season (as on the WCSI) due to a reduced proportion of large 
male fish in 1999 relative to previous years. 

The Cook Strait catch-at-age data (Figure 14) showed that the female catch was dominated by the 
1987-96 year classes, whereas the male catch was dominated by the 1992 to 1996 year classes. In the 
females, the 1994 year class (age 5) was at about the same level as in 1998, whereas the males had 
dropped off. The 1995 and 1996 year classes (ages 3 and 4) were more strongly represented than in 
1998, particularly in the males, and the 1993 and 1991 year classes (ages 6 and 8) had dropped off 
compared to 1998. The 1987 to 1989 year classes (ages 10-12) were still strongly represented in the 
females, but were only weakly present in the males. 

Puysegur 

Puysegur length frequencies have been variable in the last few years (Figure 15). In 1999, the fish 
sampled were mainly smaller fish from the 1997 to 1994 year classes with very few 199 1 and 1992 fish 
present. Puysegur is never very adequately sampled, with normally only a few samples taken in October. 

2.2.2. Non-spawning fisheries 

Chatham Rise 

The Chatham Rise length frequencies had one mode in 1998-99, with the peak at 65 cm in the males 
and 67 cm in the females, made up by the 1994 year class (Figure 16). In 1996-97 the distribution 
was bimodal, with the larger peak made up of 1993 and older fish. 

In 1997-98 there were was a long tail to the right of the main mode, and in 1998-99 the right hand 
side of the length frequencies tailed off more quickly, with few fish of either sex over 80 cm. The 
1995 year class is not strongly evident and the modal peak has merged with the left slope of the slow 
growing 1994 mode. The 1996 year class made up the lower step to the left of the main 1994 mode at 
about 58-60 cm in the females and males and was fast growing. 

A total of 717 observer samples was collected throughout the 1998-99 fishing year from the Chatham 
Rise. Samples were taken fairly evenly during the year, though only 15 samples were taken in March 
(Figure 17). The length frequency from July-September included samples mainly from July (with a 
few from September) and was scaled up by catches from July to September. From October to 
January, catches were dominated by a single size class of fish that corresponds to the size range of the 
1994 year class aged in the Chatham rise trawl survey 1999 (Figure 18). A slight increase in the 
modal length can be seen between October and January, representing growth of the 1994 year class 
(see Figure 17). From February on, there was a shift in the data, perhaps reflecting a change in fishing 
area or target depths, or changes in catchability. Hoki from the younger 1997 and 1996 year classes 



became more evident in the samples, and the largest mode (corresponding to the 1994 year class) 
peaks at a shorter length than in preceding months; Either these are mostly smaller fish within the 
1994 year class, or they represent the overlapping distributions of the 1995 and 1994 year classes. As 
there appears to be less than 3 cm total length between the mean total length of the 1995 and 1994 
year classes, the data were split into two parts, the first covering October to January and the second 
February to September. The MM fits are given in Figures 19 and 20. The component data and 
numbers of males and females estimated to have been taken from age classes 1-4 years and the 5 plus 
group are given in Table 5. 

The MIX fits shown in Figures 19 and 20 are unsatisfactory because they are limited by restricting 
the variance to 0.05. Some tests were made to determine how much improvement could be gained by 
allowing the standard deviations to vary freely and trying a wider range of components. Chatham 
Rise females from the February-September dataset were used. The most satisfactory fit was achieved 
by fitting seven components (with means estimated by MM and then held fixed), and allowing the 
model to estimate the standard deviation and the proportion of fish in each component (Table 6, 
Figure 21). In conclusion, the numbers at age derived from MIX presented here should be treated as 
preliminary, and the technique explored further to improve estimates of numbers at age (project 
HOK2000-01 has an objective to write software to do these analyses). 

Sub-Antarctic 

In 1999, the Sub-Antarctic length frequencies for adult female fish had a bimodal distribution, made up 
primarily of the 1991 to 1994 year classes (Figure 22). The right mode represented the 1991 and 1992 
year classes, with the left mode representing the 1994 year class. The 1993 year class fell somewhere 
between the two modes, and the 1995 year class appeared weak and had merged to the left of the 
strong 1994 year class. The male data showed a distribution with a main mode (peaking at 66-67 cm) 
made up of the 1991 to 1995 year classes. The mode represented the 1994 year class, with the weak 
1995 year class directly on the left of the 1994 year class, and the 199 1-93 year classes extending to 
the right of the mode to about 85 cm. The 1996 and 1997 year classes year were present in small 
amounts. The larger fish from the 1991 and 1992 year class were mainly caught from January to July 
1999, particularly from January to March (Figure 23). 

A total of 302 length frequency samples of hoki was collected from the Sub-Antarctic fishing grounds 
during the 1998-99 fishing year. Coverage was greatest in April and May and poorest at the 
beginning of the season (October-December 1998), and at the end of the year (JuneSeptember 1999) 
(see Figure 23). Young fish made up a minor portion of the catch and were only of significance in 
samples from October-December 1998 (see Figure 23). The remainder of the samples contained older 
fish (4 years and over). The length frequency samples from the whole year were therefore combined 
for MIX analysis. Mean length modes for the 1997 and 1996 year classes were small, reflecting 
sampling early in the year. Mean lengths of modes for older year classes represent a point roughly 
midway between the mean lengths in the earliest and latest samples seen for each mode in Figure 24, 
depending on the amount of growth within the year and sample numbers. The MIX fits and 
component data are given for each sex in Table 7. 

East coast North Island 

The east coast North Island length frequencies were taken during October to February, and show a range 
of year classes, with many large fish present, especially females (Figure 25). 



2.2.3 Comparison of main areas 

Figure 25 shows a comparison of length distributions from all areas in 1998-99. For the eastern 
areas, the Chatham Rise had fewer large fish than Cook Strait, and the 1994 year class was strongly 
represented compared to Cook Strait. The 1996 year class was more dominant on the Chatham Rise 
than in Cook Strait, and the 1997 year class was not present in Cook Strait! The Sub-Antarctic length 
frequencies showed a similar pattern to those from the WCSI. In these areas the 1996 and 1997 year 
class modes were visible, although less so on the WCSI. Adult females from these areas had a 
bimodal distribution, although the combined 1991 and 1992 year class mode was more apparent in 
the Sub-Antarctic. 

2.3 Non-commercial fishery 

2.3.1 Recreational fisheries 

Recreational fishing for hoki is negligible. 

2.3.2 Maori customary fisheries 

The level of Maori customary fishing is believed to be negligible. 

2.3.3 Illegal catch 

The illegal catch is unknown. 

2.3.4 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 common in recent years. Net- 
damaged fish (fish that escaped with injuries and survived) have been recorded in the WCSI fishery 
in some years. The extent of damage and resulting mortality is unknown. 

3. HOKI RESEARCH 

3.1 Stock structure 

The hoki catch is currently managed under a single TACC which can be caught in all areas of the 
EEZ, excluding QMA 10 (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). Livingston (1997) reviewed the two-stock hypothesis originally adopted in 1990 
(Livingston 1990) with respect to data collected in 1990-98, and concluded that the two-stock 
hypothesis was still a valid interpretation for hoki. Morphometric and ageing studies (Livingston et 
al. 1992, Horn & Sullivan 1996, Livingston & Schofield 1996) have found consistent differences 
between adult hoki from the two main dispersed areas (Chatharn 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 Chatham Rise and Southern 
Plateau, is not known. The chemistry of otoliths from the WCSI and Cook Strait stocks is similar 



(Kalish et al. 1996), and no genetic differences have been detected between spawning stocks (Smith et 
al. 1981, 1996). 

Hoki on the west coast of the North and South Islands and in the area south of New Zealand, including 
Puysegur Bank, Snares Shelf, and Campbell Plateau, are 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 
are assumed to be the "eastern stock". 

3.2 Resource surveys 

3.2.1 Trawl surveys 

Since 1992, trawl surveys of Chatham Rise hoki have been conducted annually in January from 
Tangaroa. The surveys provide age-specific indices of abundance for all hoki sampled on the Chatham 
Rise, which are assumed to be a mixture of eastern and western stock juvenile fish and eastern stock 
mature-size fish. The ninth survey was completed in January 2000, with a total of 132 stations. The 
overall C.V. for hoki biomass was 12.4%. The total biomass of hoki was the lowest it has been in the 
time series (Table 8). The biomass of fish 3 years and over was less than half the previous lowest 
biomass estimate (Table 9). The strong 1994 year class had diminished further, and the 1996 and 1995 
year classes were relatively weak (see Figure 18). The 1995 year class (4 year olds) remains merged 
with the adult mode. The 1997 year class as 1+ hoki in January 1999 was stronger than the 1996 and 
1995 year classes, but as 2+ hoki in January 2000, did not appear to be particularly strong. From the 
otolith ageing (Table 9) it would appear that the 1995 to 1991 year classes have all declined in 
significant numbers since the survey in 1999. It is unclear whether this is mostly due to recruitment off 
the Chatham Rise to the western stock, or some other effect such as fishing. The Chatham Rise has been 
fished at a high level in recent years. A survey of the Sub-Antarctic planned for December 2000 will 
provide some indication of the extent of recruitment to the western stock. 

3.2.2 Acoustic surveys 

Six snapshots of the Cook Strait spawning grounds were completed by Kaharoa from late July to mid 
August in 1999 (Table 10). Increasing levels of biomass were estimated for the first five snapshots, 
with the fifth and sixth snapshots having the largest biomass at similar levels. For all snapshots the 
largest estimated biomass was in Cook Strait Canyon (Table 11, Figure 26): the next largest biomass 
was seen in the deep water outside Nicholson and Wairarapa Canyons (stratum 5B) in most 
snapshots. The other stratum with substantial estimated biomass was the Narrows Basin in snapshots 
4 and 6. 

The echograms showed the expected distribution of hoki marks, with the strongest marks in Cook Strait 
Canyon, and some reasonable marks in the Narrows Basin. Hoki were the primary catch, although a lot 
of spiny dogfish were caught in some trawls. A wide range of sizes was caught, although hoki tended to 
be larger in Cook Strait Canyon and in the deep stratum 5A, with smaller fish in the Narrows Basin. 

The time series of spawning biomass indices declined steeply from 1988 to 1992, and increased sharply 
in 1993 to twice the 1988 level. In the next three years the index declined to about 60% of the 1988 
level, approximately halving from 1995 to 1996, before it increased to about the level in 1988. The 1998 
biomass estimate was much lower than that in 1997, being about the same as in 1991, 1992, and 1996. 
The 1999 biomass estimate increased from 68 000 t in 1998 to 101 000 t (Table 12, Figure 27). 



4. CONCLUSIONS 

Length frequency data collected during the 1998-99 fishing year from each area showed the adult mode 
to be made up primarily of the 1991 to 1994 year classes. Females from the 1987 and 1988 year classes 
are still a small part of the catch in some areas. The 1995 year class is present in all areas but is 
relatively weak. However, it appears to be stronger in Cook Strait than off the WCSI. This is 
comparable to the 1988 year class, which appeared stronger in the eastern stock than it did in the west. 
The 1996 year class appears to be relatively weak but faster growing. The 1997 year class appears to be 
a weak year class. In Cook Strait, the male catch is primarily smaller fish, but the catch of female fish is 
still being sustained by the large fish. 

The biomass in the Cook Strait hoki spawning ground as determined from an acoustic survey, 
increased from the 1998 estimate. This contrasts with the trawl survey biomass estimate in January 
2000 which showed a drop in biomass of hoki aged 3 years and over since January 1999. It is unclear 
at this stage how much of this drop is due to movement of the 1991-1994 year classes away from the 
Chatharn Rise, and subsequent weak recruitment, as well as to target fishing on the Chatham Rise. 
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Table 1: Reported trawl catches (t) from 1969 to 1987438,1969433 by calendar year, 1983-84 to 1987438 by 
f~hing year (Oct-Sept). Source, FSU data. 

New Zealand 
Year U.S.S.R. Japan South Korea 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 

167 271 
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 M A .  statistics. 
Estimated catches are used because of the large amount of hoki converted to meal and not recorded as 
processed fish. 



Table 2: Reported catch (t) from QMS, estimated catch * (t) from TCEPR and CELR data, 
and TACC (t) for HOK 1 from 1986-87 to 1997-98. 

Reported Estimated 
Year catch catch TACC 

* Discrepancies between QMS data and actual catches 1986 to 1990 arose from incorrect surirni 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. 

Table 3: Estimated total catch (t) of hoki by area, 1988-89 to 1997-98. 

Fishing year 

1988-89 
1989-90 
1990-91 
1991-92 
1992-93 
1993-94 
1994-95 
1995-96 
1996-97 
1997-98 
1998-99 

Sub- 
WCSI Antarctic Puysegur 

Cookchatham Rise 
Strait (and ECSI) ECNI 

2 000 
2 000 
1 000 
3 000 
5 000 
4 000 
2 000 

Total 
Null* catch 

* Area undefined because of missing positions or statistical areas. 
# Estimated catches pro-rated to reported catches. 
- No catches 



Table 4: Bycatch rates on vessels with observers in the hoki fshery 1993-94 to 1998-99. The WCSI 
and Cook Strait data cover the spawning season only. 

Catch in tonnes (% of hoki catch) 
Hoki Hake Ling Silver warehou Spiny dogfish 

WCSI 1993-94 32 583 217 (0.7) 167 (0.5) 618 (1.9) 215 (0.6) 
1994-95 25 721 840 (3.3) 221 (0.9) 162 (0.6) 192 (0.7) 
1995-96 17 703 1 407 (7.9) 278 (1.6) 472 (2.7) 315 (1.8) 
1996-97 14283 628 (4.4) 131 (0.9) 422 (3.0) 59 (0.4) 
1997-98 18 825 1081 (5.7) 327 (1.7) 446 (2.4) 245 (1.3) 
1998-99 17 417 1 027 (5.9) 290 (1.7) 220 (1.3) 218 (1.3) 

Cook 1993-94 494 6 (1.3) 
Strait 1994-95 

1995-96 734 2 (0.3) 
1996-97 - 
1997-98 3 452 7 (0.2) 
1998-99 4 868 19 (0.4) 

Puysegur 1993-94 
1994-95 
1995-96 
1996-97 
1997-98 
1998-99 

Sub- 1993-94 
Antarctic 1994-95 

1995-96 
1996-97 
1997-98 
1998-99 

Chatham 1993-94 4 869 161 (3.3) 125 (2.6) 16 (0.3) 18 (0.4) 
Rise 1994-95 2 156 36 (1.7) 75 (3.5) 22 (1.0) 14 (0.7) . 

1995-96 5 347 136 (2.5) 146 (2.7) 128 (2.4) 50 (0.9) 
1996-97 1763 112 (6.4) 75 (4.3) 116 (6.6) 10 (0.6) 
1997-98 8 981 212 (2.4) 244 (2.7) 94 (1.0) 72 (0.8) 
1998-99 8 049 lo0 (1.2) 281 (3.5) 93 (1.2) 132 (1.6) 

-, less than 0.1 (except for Cook Strait 199445 and 1996-97 and Puysegur 1997-98 for which there are no 
observer data) 



Table 5: MIX Results. Estimated proportions and numbers of hoki at age taken from the Chatham Rise 

No. of fish 
132 072 

1 562 855 
1 650 903 

11 006 023 
3 874 120* 
3 764 O6O* 

No. of fish 
2 977 581 
4 212 726 
2 889 357 
5 690 489 
639 629* 

5 602 264* 

No. of fish 
106 626 
866 340 

1 972 589 
5 904 439 
879 668* 

3 585 3 14" 

No. of fish 
2 740 568 
3 942 881 
2 298 541 
5 675 628 
2 899 697 

Total numbers of hoki estimated to have been caught on the Chatham Rise 

f~hery, 1998-99. (Estimates all scaled to total catch at age.) 

Chatham Rise females Oct-Jan 
Age Year class Mean length (cm) 
1 1997 41.3 
2 1996 55.9 
3 1995 62.8 
4 1994 66.2 
5+ Plus group 73.0 
6+ Plus group 80.0 
*add to get total n for 5+ group below 

Chatham Rise females Feb-Sep 
Age Year class Mean length (cm) 
1 1997 45.9 
2 1996 58.2 
3 1995 65.0 
4 1994 68.0 
5 1993 72.0 
6+ Plus group 76.0 
*add to get total n for 5+ group below 

Chatham Rise males Oct-Jan 
Age Year class Mean length (cm) 
1 1997 39.4 
2 1996 54.8 
3 1995 61.0 
4 1994 - 65 .O 
5 1993 68.0 
6+ Plus group 72.0 
*add to get total n for 5+ group below 

Chatham Rise males Feb-Sep 
Age Year class Mean length (cm) 
1 1997 45.2 
2 1996 56.6 
3 1995 62.2 
4 1994 65.9 
5+ Plus group 72.0 
*add to get total n for 5+ group below 

Proportion 
0.006 
0.07 1 
0.075 

0.5 
0.176 
0.171 

Proportion 
0.135 
0.191 
0.13 1 
0.258 
0.029 
0.254 

Proportion 
0.008 
0.065 
0.148 
0.443 
0.066 
0.269 

Proportion 
0.155 
0.223 
0.130 
0.321 
0.164 

Std deviation 
2.06 
2.79 
3.14 
3.3 1 
3.65 
7.04 

Std deviation 
2.3 
2.9 
3.3 
3.4 
3.6 
8.4 

Std deviation 
2 .o 
2.7 
3.1 
3.3 
3.4 
6.5 

Std deviation 
2.3 
2.8 
3.1 
3.3 

Age Year class No. of females No. of males % males 
1 1997 3 109 653 2 864 876 48 
2 1996 5 775 581 5 215 887 47 
3 1995 ' 4 540 266 4 182 725 48 
4 1994 16 696 5 12 11 597 748 4 1 
5+ Plus group 13 880073 7 134 826 34 



Table 6: Revised estimates of numbers of female hoki caught on the Chatham Rise February-September, 
1998-99, using seven components. 

Age Year class 
1 1997 
2 1996 
3 1995 
4 1994 
5 1993 
6 1992 
7+ Plus group 

Mean length (cm) . 
46.1 
58.6 
65 .O 
68.5 
74.6 
82.0 
86.0 

Proportion 
0.143 
0.216 
0.141 
0.268 
0.097 
0.134 

0.0001 

No. of Fish Std deviation 
3 147 722 2.96 
4 754 601 2.40 
3 103 698 1.97 
5 899 228 2.59 
2 135 168 2.83 
2 049 614 6.13 

2 201 8.22 

Table 7: MIX Results. Estimated proportions and numbers of hoki at age taken from the Sub-Antarctic 
fshery, 1998-99. (Estimates all scaled to total catch at age.) 

Subantarctic Females 
Age Year class Mean length (cm) Proportion No. of fish Std deviation 
1 1997 40.2 0.003 25 687 2.0 
2 1996 48.8 0.042 359 616 2.4 
3 1995 58.9 0.057 488 051 2.9 
4 1994 67.9 0.179 1532 651 3.4 
5+ Plus group 83.9 0.718 6 147 729 7.9 

Subantarctic Males 
Age Year class Mean length (cm) Proportion No. of fish* Std deviation 
1 1997 39.3 .006 42 070 1 .90 
2 1996 48.4 0.056 392 649 2.40 
3 1995 57.8 0.071 497 823 2.91 
4 1994 65.9 0.273 1914 165 3.33 
5 1993 70.6 0.159 1 114 844* 3.57 
6+ Plus group 79.7 0.433 3 036 021* 6.60 

*add to get n for 5+ group 



Table 8: Relative biomass estimates (t in thousands) of hoki, 200-800 m depths, Chatham Rise trawl 
survey January 1992-2000. (cv, coefficient of variation.) 

Survey 1+ hoki 

C.V 

(2 7.9) 

(33.4) 

(20.0) 

(13.0) 

(24.0) 

(40.0) 

(33.0) 

(30.4) 

(32.4) 

2+ hoki 

t C.V 

3 ++ hoki 

t C.V 

Total hoki 

t C.V 

Table 9: Number of hoki (x106) estimated from otolith ageing, Chatham Rise hoki surveys January 1992- 
2000. 

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

MaIes 
1 
2 
3 
4 
5 
6 
7 
8 
9 
lo+ 
Total 

+ indicates plus group of older fish combined. 



Table 10: Acoustic snapshot estimates of the 1999 Cook Strait spawning hoki biomass. 

Snapshot Date Estimate (000 t) C.V. (%) 

1 2 1-22 Jul 68 17 
2 22-23 Jul 83 17 
3 12- 1 3 Aug 96 28 
4 13-14 A u ~  103 14 
5 14-15 A u ~  128 27 
6 15-16 Aug 126 12 

Table 11: Snapshot estimates by stratum of the 1999 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 since 1995), and Terawhiti 
Sill. -, stratum not surveyed: 

Stratum 
Snapshot 1 2 3 4 5A 5B 6 
1 13 30 8 4 11 2 
2 9 33 7 10 23 2 
3 13 45 4 8 2 1 5 
4 26 27 4 11 3 1 4 
5 7 72 5 6 34 4 
6 20 46 6 16 25 4 

Mean 15 42 6 9 26 3 

Table 12: Acoustic indices of hoki biomass for Cook Strait spawning seasons 1988,1991-1999 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. 

Year Biomass Normalised Number c.v.(%) 
index biomass Of 

(000 t) index snapshots 
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Figwe 1: Total New Zealand hoki catch estimated from reported landings for calendar years 197283 and fishing years 1983-84 
(84) to 1998-99 (99). The dotted lines are the TACC levels. 
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Figure 12: continued. 
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Figure 13: Mean length of female (circles) and male (squares) hoki per sample taken by the Stock Monitoring 
Program in commercial landed catches from Cook Strait fshery 1988-99. Lines are a loess fit. 
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Figure 3b: Monthly distribution of WCSI and Cook Strait hoki catch for the 1992-93 to 1998-99 fuhing years. 



Chatham Rise 

O N D J F M A M J J A S  

Month 

Sub-Antarctic 

O N D J F M A M J J A S  

Figure 3c: Monthly distribution of Chatham Rise and Sub-Antarctic hoki catch for the 1992-93 to 199849 
fshing years. 



Figure 4a: Positions of all hoki catches when hoki was the reported target species caught by the 
commercial fleet in the 1998-99 fshing year. 



Figure 4b: Position of all tows in the 1998-99 fshing year sampled by scientific observers 
for hoki length frequency data. 
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Figure 5a: Length frequency of female hoki taken in commercial catches from west coast South Island spawning 
fshery from 1988 to 1999 (sampled at sea by Scientific Observer Programme; n, the number of tows sampled; no., 
the number of f ~ h  sampled; numbers above the histogram mark year class modes, e.g., 91 = 1991 year class). 
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Figure 5b: Length frequency of male hoki taken in commercial catches from west coast South Island spawning fshery 
from 1988 to 1999 (sampled at sea by Scientific Observer Programme; n, the number of tows sampled; no., the 
number of fsh sampled; numbers above the histogram mark year class modes, eg., 91 = 1991 year class). 
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Figure 6: Length frequency of male and female hoki taken in commercial catches from west coast South Island 
spawning fishery from 1999, by weekly strata (sampled at sea by Scientific Observer Programme; n is the number of 
tows sampled). 
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Figure 6:  Continued. 
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Figure 7: Mean length of femaIe (circles) and maIe (squares) hoki taken in commercial catches from the west coast 
South Island spawning fshery 1988-99 (sampled at sea by the Scientific Observer Programme). 
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Figure 8a: Catch at age data for female hoki taken in commercial catches from west coast South Island spawning 
fshery from 1988 to 1999 (sampled at sea by the Scientific Observer Programme; n, the number of fish aged). 
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Figure 8b: Catch at age data for male hoki taken in commercial catches from west coast South Island spawning 
fishery from 1988 to 1999 (sampled at sea by the Scientific Observer Programme; n, the number of f ~ h  aged). 
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Figure 9a: Length frequency of female hoki taken in commercial catches from Cook Strait spawning fshery 
1990 to 1999 (sampled in the sheds by the Stock Monitoring Programme; n, the number of landings sampled; 
no, the number of f s h  sampled; numbers above the histogram mark year class modes, e.g., 91 = 1991 year 
class). 
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Figure 9b: Length frequency of male hoki taken in commercial catches from Cook Strait spawning f~he ry  
1990 to 1999 (sampled in the sheds by the Stock Monitoring Programme; n, the number of landings sampled; 
no, the number of f s h  sampled; numbers above the histogram mark year class modes, e.g., 91 = 1991 year 
class). 
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Figure 10: Comparison of Scientific Observer Programme and the Stock Monitoring Programme length frequencies 
of hoki taken in commercial catches from Cook Strait during the 1999 spawning season (n, the number of tows or 
landings sampled per area; percent frequency refers to numbers of f ~ h ) .  
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Figure 11: Monthly length frequencies of hoki taken in commercial catches from Cook Strait fshery 
from June to September to 1999 (sampled in sheds by the Stock Monitoring Programme; n, the number 
of landings sampled). 
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Figure 12: Length frequencies of hoki taken in commercial catches from Cook Strait f~shery from July to 
September 1999 (sampled in sheds by the Stock Monitoring Programme; n, the number of landings sampled). 
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Figure 2: Estimated total catch (t) of hoki by area, 1988-89 (89) to 1998-99 (99). 
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Figure 3a: Monthly distribution of hoki catch by area in the 1998-99 f ~ h i n g  year. 
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Figure 14a: Catch at age data for female hoki taken in commercial catches from Cook Strait spawning fishery 
from 1988 to 1999 (sampled in sheds by the Stock Monitoring Programme; n, the number of f s h  aged). 
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Figure 14b: Catch at age data for male hoki taken in commercial catches from Cook Strait spawning 
fshery from 1988 to 1999 (sampled in sheds by the Stock Monitoring Programme; n, the number of fish 
aged). 
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Figure lja: Length frequency of female hoki taken in commercial catches from the Puysegur spawning 
fshery from 1985-86 to 1998-99 (sampled at sea by Scientific Observer Programme; n, the number of 
tows sampled; no, the number of f sh  sampled). 
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Figure 15b: Length frequency of male hoki taken in commercial catches from the Puysegur spawning 
fshery from 1985-86 to 1998-99 (sampled at sea by Scientific Observer Programme; n, the number of 
tows sampled; no, the number of fsh sampled). 
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Figure 16a: Length frequency of female hoki taken in commercial catches from the Chatham Rise 
non-spawning fshery from 1989-90 to 1998-99 (sampled at sea by Scientific Observer Programme; 
n, the number of tows sampled; no., the number of f sh  sampled). - 
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Figure 16b: Length frequency of male hoki taken in commercial catches from the Chatham Rise 
non-spawning fahery from 1989-90 to 1998-99 (sampled at sea by Scientific Observer Programme; 
n, the number of tows sampled; no., the number of fsh sampled). 
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Figure 17: Length frequency of male and female hoki taken in commercial catches from the Chatham Rise 
non- spawning fshery from 1998-99, by monthly strata (sampled at sea by Scientific Observer Programme; 
n, the number of tows sampled). 
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Figure 18a: Scaled length frequency of female hoki caught in the trawl surveys of the Chatham Rise by Tangaroa, 
January 1992 to January 2000. (n, the scaled number of fsh; no., the number of f ~ h  sampled; numbers above the 
histogram mark year class modes, e.g., 91 = 1991 year class). 
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Figure 18b: Scaled length frequency of male hoki caught in the trawl surveys of the Chatham Rise by Tangaroa, 
January 1992 to January 2000. (n is the scaled number of fsh; no., the number of fsh sampled; numbers above the 
histogram mark year class modes, e.g., 91 = 1991 year class). 
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Figure 19: MIX fit to Chatham Rise, October-January 1998-99 commercial length hoki data. 
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Figure 20: MIX fit to Chatham Rise, February to September 1999 commercial hoki length data. 
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Figure 21: Revised MIX fit for Chatham Rise February to September 1999 commercial female hoki 
length data allowing standard deviations of normal distributions to vary. 
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Figure 22a: Length frequency of female hoki taken in commercial catches from the Sub-Antarctic non-spawning 
f~hery from 1985-86 to 1998-99 (sampled at sea by Scientific Observer Programme; n, the number of tows sampled; 
no., the number of f ~ h  sampled). 
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Figure 22b: Length frequency of male hoki taken in commercial catches from the Sub-Antarctic non-spawning 
f~hery  from 1985-86 to 1998-99 (sampled at sea by Scientific Observer Programme; n, the number of tows sampled; 
no., the number of fish sampled). 
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Figure 23: Length frequency of male and female hoki taken in commercial catches from the Sub-Antarctic non- 
spawning fshery from 1998-99, by monthly strata (sampled at sea by Scientific Observer Programme; n is the 
number of tows sampled). 
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Figure24: MIX fit to Sub-Antarctic October to September 1998-99 hoki commercial length data. 
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Figure 25a: Length frequency of female hoki taken in commercial catches from different areas during the 1998-99 
fishing year (all sampled by Scientific Observer Programme, except Cook Strait which was sampled by the Stock 
Monitoring Programme; n, the number of tows or landings sampled per area; no, the number of f sh  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 25b: Length frequency of male hoki taken in commercial catches from different areas during the 1998-99 
fishing year (all sampled by Scientific Observer Programme, except Cook Strait which was sampled by the Stock 
Monitoring Programme; n, the number of tows or landings sampled per area; no, the number of f ~ h  sampled; 
percent frequency refers to numbers of f&h; numbers above the histogram mark year class modes, e.g., 94 = 1994 
year class). 
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Figure 27: Acoustic biomass indices for spawning hoki in Cook Strait for 1988,1991-99 using three 
alternative target strength relationships for hoki. 
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Figure 27: The strata boundaries for the 1999 acoustic survey of Cook Strait spawning hoki. 


