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EXECUTIVE SUMMARY 

Ballara, S.L.; O'Driscoll, RL, Phillips, N.L.; Livingston, MX.; Smith, M.E; Kim, S.W. (2003). 
Catches, size, and age structure of the 2001-02 hoki fishery, and a summary of input data used for 
the 2003 stock assessment 

New Zealand Fivheries Assessment Report 2003/42.77 p. 

This report presents the catch by area and the length and age structure of hoki caught commercially 
during the 2001-02 fishing year. Length frequency and catch-atage data are presented fiom spawning 
and non-spawning fisheries, and are compared with those kom previous years. Biomass indices kom 
research surveys in 2002 and current research and recent publications are also briefly descriid Data in 
this report were incorporated in the hoki stock assessment in 2003. 

In 2001-02, the reported hoki catch was 196 000 t, a decline of 34 000 t from 200M1 @elow the level 
of the new TACC of 200 000 t). Catches in 2001-02 were lower than those in 200041 in three of the 
major fisheries (west coast South Island, Chatham Rise, and Cook Strait). Initiatives to reduce fishing 
pressure on the eastern stock have caused redistribution of catch fiom eastern stock areas (Chatharn 
Rise, Cook Strait, and east coast) to western stock areas (west coast South Island, Puysegur, and Sub- 
Antarctic) since 1999-2000. About 66% of the catch in 2001-02 was taken f?om the western areas. 

Catches from the western stock areas were dominated by females h m  the strong 1991-94 year-classes. 
Large hoki from the strong 1987 and 1988 year-classes have now almost disappeared from the fishery. 
The 1999 year-class appears very weak The 2000 year-class was present in catches h m  all areas and 
may be relatively strong. 

The estimate of spawning hoki biomass in Cook Strait fiom the acoustic survey in 2002 was 45% 
higher than the previous acoustic estimate f?om 2001. This contrasts with the trawl survey biomass 
estimate of 3 + +  hoki on the Chatham Rise in January 2003, which was 59% lower than the estimate in 
2002. The 2000 year-class at age 2+ appeared average on the Chatharn Rise in the January 2003 survey 
and the 2001 year-class was weak at age l+. Hoki biomass estimated dwing the Sub-Antaxtic trawl 
survey in November-December 2002 increased slightly (3%) fiom the previous survey in 2001, but was 
the second lowest in the summer time series. 



1. INTRODUCTION 

This report provides data relevant to the 2003 hoki stock assessment. Catch statistics and commercial 
sampling from the 2001-02 fishing year are presented, and results from other research programmes 
since March 2002 are summarised. These include the results of acoustic surveys of Cook Strait in July- 
August 2002 and east coast South Island (ECSI) in September 2002, and trawl surveys of the Sub- 
Antarctic in November-December 2002 and Chatham Rise in January 2003. 

Details of model structure, results, and yield estimates from the hoki stock assessment carried out in 
2003 will be published in a separate report. 

This is the fmal reporting requirement for Objectives 1-3 of Wish  project HOK 2001104 and 
Objective 2 of W i s h  Project HOK200U04. 

1 .I 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 ~ishstock HOK 1). However, since 1990 the Hoki Worldng Group has assessed 
hoki as two stocks, "eastem" and "western" (Armala (1990) and subsequent Plenary Reports). Hoki on 
the west coast of the North and South Islands and in the area south of New Zealand, including P u y s e p  
Bank Snares Shelf, and Campbell Plateau, are assumed to be one stock unit, the ''western stock". The 
area of the east coast of the South Island, Memoo Bank, Chatham Rise, Cook Slmit, and the east coast 
of the North Island up to North Cape are assumed to contain the "eastem stock". Immature hoki (2-4 
yrs) h m  both "stocks" occur together on the Chatham Rise. 

Livingston (1997) reviewed the two-stock hypothesis originally adopted in 1990 (Livingston 1990) 
with respect to data collected in 1990-97, and concluded that this hypothesis was still a valid 
interpretation for hoki. Morphometric and ageing studies (Horn & Sullivan 1996, Livingston & 
Schofield 1996) have found consistent differences between adult hoki from the two main dispersed 
ar~as  (Chatham Rise and Southern Plateau), and from the two main spawning grounds in Cook Strait 
and west coast South Island (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 
h o r n .  The chemisw of otoliths from the WCSI and Cook Strait stock is similar (Kalish et al. 1996), 
and no genetic differences have been detected between spawning stocks (Smith et al. 1981,1996). 

1.2 Description of the hoki fishery 

~istoricall~, 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 h m  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 Slrait also nms from late June to mid 
September, peaking in July and August. Small catches of spawning hoki are taken from other grounds 
off the ECSL 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 other locations off the east coast 
North Island ( E m .  



Outside the spawning season, when hoki disperse to their feeding grounds, substantial fisheries have 
developed on the Chatham Rise and in the Sub-Antarctic. These fisheries generally operate year- 
round in depths of 300-800 m. Other out-of-season catches are taken from Cook Strait and ECNI, but 
these are small by comparison. 

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 hlgh quality fillets from 
both spawning and non-spawning fisheries. Since 1994-95, there has been an increase in the number 
of vessels under 46 m total length, and fishing inside the 25-n.mile line on the WCSI has increased. 

1.3 Catch history 

The total annual catches of hoki within the EEZ from 1969 to 2001-02 are given in Tables 1 and 2. 
The hoki fishery was developed by Japanese and Soviet vessels in the early 1970s (Table 1). Catches 
increased to 100 000 t in 1977, but dropped to less than 10 000 tin 1978 when the 200 n. mile Exclusive 
Economic Zone FEZ) 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. 
The fishery expanded to an estimated catch in 1987-88 of about 255 000 t (Table 2). Annual catches 
ranged between 175 000 and 215 000 t from 1988-89 to 1995-96, increasing to 246 000 t in 199697, 
and peaking at 269 000 t in  1997-98, when the TACC was over-caught by 19 000 t. Catches have since 
declined, and the TACC was reduced from 250 000 t to 200 000 tin the 2001-02 fishing year (Table 2). 

Catches by area since 1988-89 are given in Table 3 and Figure 2. The pattern of fishing has changed 
markedly since 1988-89 when over 90% of the total catch was taken in the WCSI spawning fishery. 
The catch from the WCSI declined steadily from 1988-89 to 1995-96, but increased again from 
1996-97 and has stabilised at about 90 000-100 000 t (Table 3). In Cook Strait, catches increased 
from 1988-89 to 1995-96 but have since declined to about 23 500 t. Non-spawning catches on the 
Chatham Rise increased &om 1993-94, peaked at 74 000 t in 1997-98 and 1998-99, then decreased 
in recent years. Catches from the Sub-Antarctic were 23 000-25 000 t from 199697 to 1998-99, 
then increased to over 30 000 t in the last three years. 

1.4 Recent hoki research 

The importance of the hoki fishery and the complexity of the life cycle has resulted in a high level of 
research activity for over a decade. 

A new age-structured model using a Bayesian approach was developed in 2002 for hoki stock 
assessment (Francis et al. 2003). This model was implemented in the new general-purpose stock- 
assessment program CASAL (Bull et al. 2002). A number of analyses were carried out in support of 
the 2002 assessment, including: 1) reviewing the length-weight relationship for hob, 2) developing a 
new ageing error model; 3) estimating sampling error distributions for age frequencies; and 4) 
devising fishery-pattern descriptors to drive commercial selectivity ogives (Francis 2003). All 
available acoustic and trawl survey abundance indices were also reviewed (Livingston & Stevens 
2002, O'Driscoll 2002a). However, consensus on model details and a fmal assessment were not 
achieved by the Hoki Working Group during 2002 (Annala et al. 2002). In 2003, the model has been 
further developed and more exploratory runs have been camed out to improve understanding of 
model function. A description of the model and assessment results will be published in a separate 
report. 



Standardised catch-per-uniteffort (CPUE) indices were updated for all fisheries by Dunn & 
Livingston (unpublished results) using the methods of Langley et al. (2001), and are summarised here 
(see Section 2.1.3). New fisheries-independent information in 2003 included the results fiom the 
Cook Strait acoustic survey in winter 2002 (O'Driscoll2003a), an acoustic survey of spawning hoki 
off the ECSI in winter 2002 (O'Driscoll 2003b), and trawl swveys of the Sub-Antarctic in 
November-December 2002 (O'Driscoll & Bagley 2003) and Chatham Rise in January 2003 
(Livingston 2003). Results fiom resource surveys are summarised in Section 3.1. 

Livingston et al. (2002a) examined migration patterns of hoki using trawl survey data h m  surveys in 
December 1991 to January 2002, complementing an earlier study using co~nmercial data (Bull & 
Livingston 2000). The results of this study strongly supported the current hypothesis that most juvenile 
hoki reside on the Chatham Rise nursery ground, and a sipficant proportion move to the Sub-Antarctic 
as they approach maturity, with most movement between ages 3 and 7 years. On a proportional basis, 
80% or more of hoki aged 1-2 years occur on the Chatham Rise. By age 8,35% or less fish are found on 
the Chatham Rise compared with 65% or more in the Sub-Antarctic. It was not possible to determine the 
season, the exact route followed, or the length of time re@, for fish to move firm the Chatham Rise 
to the Sub-Antarctic. 

The presence of 0-1 year-old hold in inshore areas around the North and South Islands and their 
abundance as 1+ fish on the Chatham Rise supported the hypothesis that young hoki disperse h m  their 
spawning grounds to the Chatham Rise. Very few 2 year-old hoki occur outside the Chatham Rise. A 
small proportion of 2 year-old hold were found at Puysegur during some Sub-Antarctic surveys; these 
may recruit directly to the Sub-Antarctic hoki population without moving to the to the Chatham Rise at 
any stage (Livingston et al. 2002a). 

In support of the view that once hoki have recnited to the Sub-Antarctic they remain in that stock, a 
generalised additive model (GAM) analysis of length-at-age data found that the mean length at age was 
9% higher in the Sub-Antarctic than on the Chatham Rise across all ages (2-12 years) for both sexes 
(Livingston et al. 20024. It is not known if these differences reflect a tendency for larger hoki to move 
to the Sub-Antarctic and smaller fish remain on the Chatham Rise, or if there are genetic differences in 
growth rates between stocks. The GAM analyses also showed that there has been a steady increase of 
almost 10% in mean fish length fiom the 1982 to the 1997 year-class, across all ages, sexes, and areas. 
This may be a direct result of the declining population abundance and could have aa effect on age of 
maturity as well as age of recruitment into adult stocks. 

Two pilot studies appeared to provide support for the hypothesis of spawning stock fidelity for the 
Cook Strait and WCSI spawning stocks. Smith et al. (2001) found significant differences in gill raker 
counts, and Hicks & Gilbert (2002) found significant differences in measurements of otolith rings, 
between samples of 3 year-old hoki fiom the 1997 year-class caught on the WCSI and in Cook Strait. 
However, when additional year-classes were sampled, differences were not always detected (Hicks et 
al. 2003). It appears that there are differences in mean number of gill rakers and otolith measurements 
between stocks, but, due to high variation, large sample sizes would be needed to detect these (Hicks 
et al. 2003). 

O'Driscoll (2002b, in press) attempted to estimate trawl catchability of hoki and associated species 
using a simple linear regression approach to compare trawl catch rates with acoustic backscatter 
measured during trawling on the Chatham Rise and Sub-Antarctic. Estimates for hoki were plausible 
in the Sub-Antarctic, but results were unreliable for the Chatham Rise because of the presence of 
mesopelagic species. Work on acoustic target strength of hoki is continuing macaulay et al. 2002). 



2. HOKl FISHERY, 2001-02 

2.1 Catch and effort information 

2.1.1 Total Allowable Commercial Catch (TACC) 

In the 2001-02 fishing year the TACC for HOK 1 was reduced to 200 000 t This applied to all areas of 
the EEZ, except the Kerrnadec Fishery Management Area which had a TACC of 10 t. 

Except for restrictions on chartered vessels fishinginside 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 hold spawning area 
in the Hokitika Canyon and much of the area south to the Cook Canyon to vessels over 46 m In Cook 
Strait, the entire spawning area is closed to vessels over 46 m 

2.1.2 Catch 

In 2001-02 the total reported hold catch was 196 000 t (Table 2). The total estimated catch from 
catcheffort-and-landing-return (CELR) and trawl-catchsffort-and-processing-return (TCEPR) data 
in 2001-02 was 200 000 t, which was 4 000 t above the total reported on the Monthly Harvest Return 
(MER). Note: In 2001 the MHR replaced the QMR. Data was scaled down to the M H R  total of 
196 000 t. As the data extraction was done in mid December 2002, most of the data will have been 
available, but a small amount of data may still not have been recorded on the database. 

The distribution of catch in 2001-02 was similar to that in 2000-01, but there was a reduction of 
catch in three major fisheries, WCSI, Chatham Rise, and Cook Strait (Figure 2, Table 3). In Cook 
Strait, catches dropped for the sixth year running, and are now at a similar level to those of 1992-93. 
The catch from the Chatham Rise and ECSI continued to decline from the peak 1997-98 and 1998- 
99 levels to 39 000 t in 2001-02. Decreasing catches on the Chatham Rise and in Cook Strait were 
due mainly to industry initiatives to reduce the pressure on the eastern stock WCSI catches also fell 
by about 10 500 t from 2001-02, but catches in the Sub-Antarctic and at Puysegur were maintained 
(Table 3). For the fmt time, catches from the ECSI spawning area of Pegasus Canyon and Conway 
Trough in June to September have been separately reported from the Chatham Rise catch totals, with 
3000 t of hoki taken from this satellite spawning area in 2001-02. 

The redis!ribution in catch from eastern stock areas (Chatham Rise with no account taken of eastern and 
western stock split, ECSL ECNI, and Cook Strait) to western stock areas (WCSL Puysegur, and Sub- 
Antarctic), seen since 1999-2000, continued in 2001-02. About 66% of the catch is now taken from the 
western areas (Figure 2). 

Hoki were caught throughout the year on the Chatham Rise, with a drop in catches during the spawning 
season in June to August (Figme 3). Most of the Sub-Antarctic catch was also taken during the non- 
spawning period, although the highest catch was taken in June. Vessels concentrated on the WCSI and 
Cook Strait spawning grounds from June to September, with peak catches in July and August (see 
Figure 3). In Cook Strait, small amounts of hoki were also caught outside the spawning season. Fishing 
at Puysegur and on the ECSI were mainly in August and September, when hoki are known to be 
spawning in these areas. Small catches were taken year-round &om the ECNL The monthly 
distributions of hoki catches from WCSI, Cook Strait, Chatham Rise, and Sub-Antarctic in 2001-02 
were similar to those in previous years (Figure 4). 



2.1.3 CPUE analysis 

Updated estimates of standardised CPUE indices for the WCSI and Cook Skait spawning hoki fisheries, 
and the Chatham Rise and Sub-Antarctic non-spawning hoki fisheries, up to 2001-02 were presented by 
Dunn & Livingston (unpublished results). Indices were calculated using l o g n o d  models of catch per 
tow for sub-groups of vessels based on the methods of Langley et al. (2001). Catch data were fined 
using a lognormal regression model to obtain estimates of relative year effects. A forward/backwards 
stepwise multiple regression fitting algorithm was employed (Chambers & Hastie 1991) which adds or 
removes potential explanatory variables based on changes in residual deviance. Variables were added or 
removed until there was less than 1% change in residual deviance. 

Tows by core vessels h m  the surimi, dressed, and fillet fleets were analysed separately (DMn & 
Livingston unpublished results). For the WCSI spawning fishery, CPUE indices for the dressed core 
vessels climbed h m  1990 to 1992, dropped until 1995, then increased again until to a peak in 2000. 
There was a sharp decline in the index for 2001 and 2002 (Table 4). The CPUE indices for the Cook 
Strait spawning fishery suggest a stable, or slightly decreasing, trend in abundance since 1993, with a 
strong increase in 2002 (Table 4). The indices for the Chatham Rise and Sub-Antarctic fisheries both 
show a continuous decline since the early 1990s (Table 4). 

In all cases model fits were poor and suggested serious departure from model assumptions (i.e., 
normally distributed constant variance residual errors), indicating that the model structure may be 
inadequate to reliably determine the indices. The validity of standardised CPUE indices as measures 
of relative abundance of hoki is questionable @unn et al. 2000, Langley et al. 2001), and CPUE &ta 
were not included in any of the assessment runs in 2003. In particular, the Working Group questioned 
the reliability of gear parameters recorded on the fishing returns, the increased use of vessels using 
twin trawls, and the increased fishing inside the line on the WCSI in recent years as problems for the 
CPUE indices. 

2.1.4 Bycatch 

Estimates of bycatch in the hoki fishery were determined h m  data collected by scientific observers on 
vessels targeting hob. The bycatch rate (defined as the percentage of the hoki catch) was estimated for 
hake, ling, silver warehou, and spiny dogfish (Table 5). Other bycatch species are also taken, 
particularly in the non-spawning fisheries, but bycatch rates for these are usually less than 1%. 

Bycatch of hake and ling recorded by observers in 2001-02 was higher than in 200041 in all areas. 
Hake and ling bycatch rates tripled in the WCSI fishery in 2001-02, with hake bycatch increasing from 
2.1% in 2000-01 to 8.7% in 200142 and ling bycatch increasing fbnn 0.8% to 3.1% (Table 5). Ling 
were an important bycatch species in the Sub-Antarctic and Chatham Rise, with bycatch rates of 5.0 and 
4.5% respectively. Hake was also important in the Sub-Antarctic at 3.9%. Bycatch of silver warehou 
was lower in all areas in 2001-02 than in 200041. Some of the apparent changes in bycatch rates may 
have been related to changes in scientific observer coverage between years (e.g., Livingston et al. 
2002b), so the data in Table 5 should be treated with caution. 



2.2 S i e  and age composition of commercial catches 

The main hoki fisheries in 2001-02 were identified by extracting all tows that targeted and/or caught 
hoki from the Ministry of Fisheries catch and effort database. Data to estimate length frequencies in 
2001-02 were. available from the Miniw's Scientific Observer Programme (SOP), the industry 
observer programme funded by the Hoki Management Company (HMC), and shed sampling of landed 
fish by NIWA and Sealord. 

Figure 5a shows the positions of all tows by the commercial fleet (excluding commercially sensitive 
positions which make up about 5% of tows) for which hoki was the reported target species in 2001-02, 
and Figure 5b shows the position of all tows sampled for hoki length frequency distributions by the 
SOP. Hoki were measured by SOP observers in 1459 tows, of which 591 came from the WCSI, 47 from 
Cook Strait, 381 h m  the Chatham Rise, 348 from the Sub-Antarctic, and 35 fiom Puysegur. Another 
1473 tows from the Chatham Rise, 862 tows from the Sub-Antarctic, and 56 tows h m  the ECSI were 
sampled by HMC observers in 2001-02. Observer coverage was representative of most of the 
commercial hoki fishery. Shed samples from 51 landings of hoki from Cook Strait and 12 landings from 
the WCSI inside the 25 n. mile line were collected by NIWA in 2001-02 under Ministry of Fisheries 
Project HOK2001/04. An additional 58 shed samples from WCSI inside the 25 n.mile line were 
collected by Sealord staff. 

Length hquencies were estimated for each of the major fisheries as the weighted (by catch or landing 
weight) average of individual length samples. Length ffequency data firom each area were post-stratified. 
Data 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. Length frequencies from Cook 
Strait were stmtified by month, island of landing, and vessel size. In non-spawning fisheries, tree-based 
regression techniques were used to find the most important stratification variables (after Francis 
2002). Four variables were offered to the regression tree model: date, bottom depth, latitude, and 
longitude (all start of tow values), following the recommendation of Bradford (2000). The regression 
tree model minimised the weighted sum of squares in mean lengths and was grown and pruned using 
methods described by Breiman et al. (1984). This involved growing the tree by choosing splits that 
gave the largest improvement sum of squares and in which only strata with 30 or more tows can be 
split. The resulting tree was then pruned to the smallest sized tree such that further splitting would 
not result in a significant reduction in the weighted least squares as estimated by cross-validation 
methods. 

Once strata were determined, catch-at-length estimates were produced using custom 'catch.at.ageY 
software developed by NlWA (Bull & Dunn 2002). This software scales the length frequency of fish 
fiom each catch up to the catch weight, sums over catches in each stratum, scales up to the total 
stratum catch, and then sums across the strata, to yield overall length frequencies. The precision of 
each length frequency was measured by the mean weighted c.v., which is calculated as the average of 
the c.v.s for the individual length or age classes weighted by the proportion of fish in each class. The 
c.v.s were calculated by bootstrapping. 

Catch-at-age from spawning fisheries was estimated using age-length keys derived from otolith 
ageing. Otoliths were available from the MFish Scientific Observer Programme and from shed samples 
collected by NWA. A total of 2547 hoki otoliths were collected from Cook Sttait, and 3885 from the 
WCSI spawning fisheries h m  June to September 2002. Sub-samples of 783 and 775 otoliths from 
Cook Strait and WCSI respectively were selected, prepared, and read using the validated technique of 
Hom & Sullivan (1996) as modified by Cordue et al. (2000). Each sub-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 systematically 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 



Age-length keys were constructed for each spawning fishery and applied to the total length frequency to 
produce an age frequency for the catch far each sex separately. Catch-at-age estimates were determined 
using the 'catch.at.age' software (Bull & D m  2002). This software also incorporates data from otolith 
ring measurements using the consistency scoring method of Francis (2001) in the age-length key. 

Proportions at age and sex from non-spawning fisheries were estimated via length mode analysis using 
optimised length frequency (OW) software, developed in 2002 (H~cks et al. 2002). This model is a 
generalised version of MULTIFAN, and estimates cohort specific growth curves and proportions at age 
h m  both stocks. OLF is a significant improvement over M which was used before 2002 (e.g., 
Ballara et al. 2002), because the proportions of more cohorts are pred~cted, and the incorporation of 
growth curves reduces some of the subjectivity when decidmg on mean lengths at age @cks et al. 
2002). In 2003, OLF was used to estimate catch-at-age for the two major non-spawning fisheries 
(Chatham Rise and Sub-Antarctic) h m  1991-92 to 200142. 

OLF methods were similar to those described by Hicks et al. (2002). Length frequencies were derived 
for 4-12 week periods fiom lengths measured by SOP: and HMC observers. The length frequency 
data were stratified into time periods based on the amount of sampling that occurred during the year. 
Further stratification within each time period was carried out for 2001-02 data only, because this 
year had more samples than previous years. Possible splitting variables were longitude, latitude, net 
depth, daylnight, and gear type. Time periods in 200142 were divided into 1-8 strata, with latitude 
and longitude usually chosen as the splitting variables. Data &om the two non-spawning fisheries, 
Chatham Rise and Sub-Antarctic, were used together when estimating the proportions at age and sex 
in OLF. The eastern and western stocks were assumed to mix in an equal ratio on the Chatham Rise, 
while the Sub-Antarctic consisted entirely of the western stock 

Mean length at age data included in the OW model came fiom 11 Chatham Rise trawl surveys and 10 
Sub-Antarctic trawl surveys. Due to the pwr fits to these mean lengths observed in the results reported 
by Hicks et al. (2002), the weighting given to these data in the likelihood was doubled to better guide the 
pred~cted growth curves. The OW model was used to estimate proportions at age and sex up to 10 years 
(plus group at age 10). 

Catch-at-age in both the Chatham Rise and Sub-Antarctic fisheries in 200041 were also estimated 
by sampling directly for age. This continued the approach used for the Chatham Rise in 1998-99 and 
1999-2000 (Francis 2002). Sampling directly for age is necessary because a single age-length key is 
not appropriate in non-spawning fisheries. The fisheries are spread over much of the year and there 
will be substantial fish growth. This means that for any given length the proportions at age will 
change through the fishery. To sample directly for age, observer coverage must be sufficient to 
provide a random sample of otoliths from the fishery. A total of 1402 hoki otoliths hm the Chatham 
Rise and 1020 otoliths &om the Sub-Antarctic were sampled at random by scientific observers in 2000- 
01. Of these, 1395 otoliths f?om the Chatham Rise and 1016 &om the Sub-Antarctic were aged. A 
further 33 otolith readings from the Chatham Rise and 32 from the Sub-Antarctic were rejected by the 
consistency scoring criterion described by Francis (2001). 

The method to estimate catch-at-age followed Francis (2002). First, the regression tree method (Breiman 
et al. 1984) was used to stratify the two fishing areas by minimising the weighted least squares of the 
mean lengths (as a proxy for age) of fish in the observed tows. Second, the estimated age frequencies by 
sex for the observed tows within each stratum were obtained by scaling the otolith ages and sexes up by 
the estimated numbers of hoki of each sex caught in the tow, and averaging over all tows in the stratua 
Finally, the numbers of fish caught in each stratum was estimated hm the TCEPR data, and catch-at- 
age frequencies were calculated as the weighted average, over the strata, of the estimated age 
frequencies by sex. Numbers of fish were estimated from catch weights using the length-weight 
relationship of Francis (2003). 



Catch-atage estimates from otoliths for Chatham Rise and SubAntarctic fisheries in 2001-02 will not 
be available until after the 2003 stock assessment. 

2.2.1 Size and age composition in spawning fisheries 

West coast South Island 

The 2002 catch from the WCSI fishery was mainly fish from 65 to 110 cm, with modal lengths of 
89 cm for females and 83 cm for males (Figure 6). There was also a small mode of fish from 42 to 
54 cm. Many more females than males were caught in 2002, continuing a trend of an increasing 
female bias in the last three year's. The ratio of females to males was 2.7:l in 2002. Catches were 
dominated by the 1992-96 (females) and 1994-98 year-classes (males), with modes at age 8 (1994 
year-class) for females and age 4 (1998 year-class) for males (Figure 7). Two and thee year-old hoki 
fiom the 2000 and 1999 year-classes were also present in 2002. Fish from the strong 1987 and 1988 
year-classes (age 14 and 15 in 2002) have now almost disappeared from the catch. 

In 2002, hoki length frequencies changed over the spawning season (Figure 8). More small hoki 
(below 80 cm) were caught in June, although the number of fish measured was relatively low. From 
1986 to 1996, the mean length of fish per tow declined throughout the spawning season, but since 
1997 there has been no consistent pattern in mean length (Figure 9). The mean length in 2002 peaked 
at the beginning of August and then decreased (Figure 9). 

There were differences in the size of hoki sampled from inside and outside the 25 n. mile line on the 
WCSI (Figure lo), with proportionally more small males observed in samples from outside 25 n. 
miles. The sex ratio of the catch was also more even for hoki sampled inside the line (Figure 10). 
Shed samples h m  inside the line taken by NIWA and Sealord showed similar distributions, although 
there was clearly some rounding of fish lengths to the nearest 5 cm by Sealord's sampling staff 
(Figure 10c). 

Cook Strait 

As in the WCSI fishery, the 2002 catch fiom Cook Strait consisted mainly of hoki from 65 to 110 cm, 
with a few small (45-55 cm) fish from the 2000 year-class (Figure 11). The female length 
distriiution was broad and flat with no clear modes, while the males showed a more unimodal 
distriiution with a mode at 71 cm. (Figure 11). The 2002 female catch encompassed a wide range of 
year-classes from 1987 to 1998, but the male catch was made up primarily of the 1991-2000 year- 
classes (Figure 12). Although the modal age was 6 (1996 year-class) for both females and males, 
there were a much higher proportion of larger older females (Figure 12). For both sexes, the 1998 and 
1997 year-classes were weaker at ages 4 and 5 in 2002 than as ages 3 and 4 in 2001. The 1993 and 
1994 year-classes made up a much smaller proportion of the commercial catch in 2002 than in 2001. 
The 1987 and 1988 year-classes (ages 14-15) were still weakly represented in the female catch in 
2002, but were not present in the males. More females than males were caught in Cook Strait, but the 
sex bias was not as extreme as on the WCSI with a ratio of females to males of 1.8:l in 2002. 

Cook Strait observer samples had a similar overall distribution to the shed sampling data, although 
more 45-55 cm fish were present in the shed sampling data, especially for the males (Figure 13). 
Both data sources showed that a higher proportion of large females and males were present during the 
peak spawning season (July and August) than in June or September (Figure 14). This is consistent 
with the pattern in mean length seen in most previous years (Figure 15). 



Puysegur 

Length frequencies from the Puysegur spawning fishery have been variable in the last few years (Figure 
16). In 2001-02, they showed a broad range of lengths between 42 and 100 cm, with a lot of large 
females caught. The small fish caught at 42-57 cm in 2001-02 were from the 2000 year-class which 
were also observed as 1+ fish (33-40 cm) in the 200M)l fishery. 

East coast South Island 

Over half of the 56 length frequency samples from the ECSI were collected kom commercial tows 
canied out during an acoustic m y  in September 2002 (O'DriscoU 2003b). Most fish caught were 
between 60 and 100 cm with a secondary mode of 45-55 cm fish kom the 2000 year-class. 

2.2.2 Size and age composition in non-spawning fisheries 

Chatham Rise 

Sampling by HMC observers greatly increased the data available in 2001-02, contributing 7% of the 
length ffequency data on the Chatham Rise. Spatial and temporal coverage of the two fisheries by 
observers in both programmes was good. Length ikquencies kom HMC and SOP observers showed 
similar patterns, although the SOP sampled more young fish from 40 to 56 cm (Figure 17). Data ffom 
the two sources were therefore combined. 

The tree-based regression split the combined data from the Chatham Rise fishery in 2001-02 into 10 
strata based on bottom depth, longitude, and date (Table 6). Mean length of hoki on the Chatham 
Rise increased with increasing depth, fish generally were slightly larger on average earlier in the 
season, and western fish were generally slightly larger than eastern fish. The stratification explained 
50.8% of variation in mean length. 

Most female hoki caught on the Chatham Rise in 2001-02 were between 58 and 100 cm, with a mode 
at 70 cm (Figure 18a). Most males were between 58 and 90 cm with a mode at 68 cm (Figure 18b). 
There also was a small mode at 42-53 cm (2000 year-class) for both sexes. The ratio of females to 
males was 1.3: 1. 

The time periods and stratification to calculate length ffequencies used in OW are given in Table 7. 
OLF estimated the proportion at age and sex on the Chatham Rise (Figure 19) for all the years for 
which data were available. However, the estimates for the 1992-93, 1994-95, and 1996-97 fishing 
years were not used in the stock assessment due to a small number of tows sampled or inadequate 
observer coverage during the year. Although the OLF model estimates proportions at age and sex up 
to 10 years, the mean lengths above age 7 were relatively close together, and it is difficult to identify 
individual length modes above age 5. So, as in 2002, the proportions for ages 6-10+ were pooled into 
a 6+ group for both the Sub-Antarctic and the Chatham Rise before their use in the assessment. 

The catch in 2001-02 appears to be dominated by the 1997 year-class (age 4) for both males and 
females (Figure 19). However, there is a tendency for length-mode analysis methods to accentuate 
strong year-classes and it is likely that the 1996 and 1998 year-classes made up a greater part of the 
catch than estimated by OLF. OLF estimates indicated the 1987, 1988, 1991, 1992, 1994, 1997, and 
1998 year-classes were relatively strong, making up a high proportion of the Chatham Rise catch. The 
1989,1990, and 1995 cohorts were weakly represented in the catch. 

The stratification used to estimate catch-at-age from otolith for the Chatham Rise in the 2000-01 



fishing year is plotted in Figure 20. Table 8 gives details of the catch, number of tows, fish measured, 
and otoliths collected in each stratum Otolith-based estimates indicated that the 2000-01 catch was 
dominated by the 1996 and 1997 year-classes, with the 1994 year-class also appearing relatively 
strong (Table 9, Figure 21). Most fish older than age 10 @re-1992 yearclass) were females. Figure 
21 aIso compares the age frequencies obtained from otoliths with those obtained by OLF (see Figure 
19). There was good agreement between the two methods about the relative strengths of the 1996 and 
1997 year-classes, but obvious differences for older and younger fish. In particular, OLF estimated 
the 1992 yearclass to be almost non-existent in the Chatham Rise catch in 200041, whereas it 
featured quite strongly in the otolith-based estimates, especially for females (Figure 21). 

About 71% of the data in 2001-02 came from HMC observers. Length frequencies from HMC and 
SOP observers showed similar patterns, although the HMC samples had almost no young fish from 
36 to 52 cm (Figure 22). The HMC data also showed a tendency of rounding to the nearest 5 cm. 
Data from the two sources were combined. The combined Sub-Antarctic data were split into six strata 
by latitude, longitude, and bottom depth (Table 10). Mean length of hoki was generally higher in the 
south and east, and tended to increase with increasing depth. The stratification explained 54.7% of 
the variance in mean length. 

The length hquency distriiutions for male and female hoki caught in the Sub-Antarctic fishery in 
2001-02 were broad, with a modal length of about 90 cm for females and 85 cm for males (Figure 
23). No year-classes stood out in the length f%quency distniutions, except the 2000 year-class at 36- 
52 c n  As in the WCSI spawning fishery, t h m  was an increasing female bias in the Sub-Antarctic catch 
in the last three years, with a ratio of females to males of 2.0:l in 200142. 

The time periods and stratification to calculate length frequencies from the Sub-Antarctic used in 
OLF are given in Table 11. As for the Chatham Rise, there were several years with few tows sampled 
or inadequate temporal coverage during the year. Catch-at-age estimates from the 1994-95, 1996-97, 
and 1997-98 fishing years were excluded and ages 6-10+ were pooled for the assessment. OLF 
results indicated that most of the Sub-Antarctic catch in 2001-02 was made up of fish from the 1991, 
1992,1994, and 1997 year-classes Figure 24). 

Catch-at-age estimates for the Sub-Antarctic for the 2000--01 fishing year obtained from the ageing of 
otoliths are given in Table 9. These estimates were calculated using the stratification shown in Figure 
25 and Table 12. The 1992-94 year-classes dominated the catch, with males from the 1995-97 year- 
classes also contributing to the Sub-Antarctic fishery in 200041 (Figure 26). As on the Chatham 
Rise, most older fish were females. There were discrepancies between the otolith and OLF estimates 
of catch-at-age in the Sub-Antarctic (Figure 26). For example, OLF appears to overestimate the 
strength of the 1991 year-class for females. The OLF method has difficulty assigning ages to larger 
fish due to overlap of the length modes. 

East coast North Island 

Only 22 samples from the east coast North Island were collected representing a very small proportion of 
the catch. The length frequency distribution showed a broad range of sizes, including some large 
females greater than 100 cm, but most fish were 60-100 cm (Figure 27). 



2.2.3 Comparison of size and age composition between main areas 

Figure 27 shows a comparison of length distnibutions from all areas in 2001-02. For the eastern 
areas, the fishery on the Chatham Rise caught smaller fish than the Cook Strait fishery. The catch on 
the Chatham Rise was dominated by young fish from the 1997-99 year-classes, while larger fish 
(particularly females) from the 1987-96 year-classes were more apparent in the Cook Strait spawning 
fishery. Results from research tows canied out during the 2002 acoustic survey of Cook Strait 
indicated that small hoki were spawning in Cook Strait, particularly in the Narrows Basin, but these 
are avoided by the commercial fleet (O'Driscoll2003a). The size of fish caught in the ECSI spawning 
fishery was more similar to Chatham Rise than to Cook Strait. 

In the western areas, length frequencies from the Sub-Antarctic and WCSI fisheries showed a similar 
pattern, with a higher proportion of larger fish than the eastern areas. In both the Sub-Antarctic and 
WCSI fisheries hoki from the strong 1991-94 year-classes still contribute much of the catch. 

A length mode representing the 2000 year-class appeared in catches from all areas, suggesting this 
cohort may be relatively strong. 

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 unreported mealing of small fish, but the level is unknown. Net- 
damaged fish (fish that escaped with injuries and survived) have been recorded in the WCSI fishery 
in some years. The extent of this damage and the resulting mortality is unknown. 



3. HOW RESEARCH 

3.1 Resource surveys 

3.1.1 Trawl surveys 

Chatham Rise 

A trawl survey of the Chatham Rise was completed between 29 December 2002 and 21 January 2003, 
with 115 stations used for biomass estimation (Livingston 2003). Chatham Rise trawl surveys have 
been carried out annually since January 1992 (with Tangaroa). 

The results of the 2003 survey show that the bio'mss of all hoki and of recruited hoki (3+ years and 
older) decreased from 2002, continuing a general downward trend in hoki biomass since 1996 
(Table 13). The reduction in biomass in 2003 was due to fewer 1+ and 3++ hoki than in the previous 
survey. The 1+ index (2001 year-class) was the second lowest in the series and only 0.1 t more than 
the very weak 1999 year-class at age 1+ (Table 13). The 3++ biomass decreased because older year 
classes have moved off the Chatham Rise or been caught and the incoming 1999 year-class was weak. 
The 2000 yearclass appeared average in the 2003 Chatham Rise survey, with abundance similar to 
that of the 1997 and 1998 year-classes at 2+. 

Hoki length frequencies from the 2003 Chatham Rise survey show modes at 43 and 54-55 cm, 
representing 1+ and 2+ hoki respectively, with few older fish (Figures 28-29). It is clear that the 
relatively strong 1991-94 year-classes have not been as abundant on the Chatham Rise as the 1987 
and 1988 year classes at ages 6 and older. It is uncertain whether this is because: a) the 1987 and 
1988 year classes were much stronger; b) fish moved off the Chatham Rise at a faster rate than in 
earlier years; or c) there was greater exploitation of young fish on the Chatham Rise in more recent 
years. 

Sub-Antarctic 

The sixth survey in the Tangaroa summer trawl time series was carried out from 23 November to 
22 December 2002 (O'Driscoll & Bagley 2003). Previous surveys in the summer series were in 
November-December 1991,1992,1993,2000, and 2001. An auttunn series has also been carried out in 
the same area in May-June 1992, 1993, 1996, and 1998 (see O'Driscoll & Bagley (2001) for review of 
previous surveys). A total of 105 successful stations were completed in 2002. 

The abundance estimate of hoki in core 300-800 m sbata from the 2002 survey was 39 890 t, with a 
C.V. of 14% (Table 14). The hoki biomass increased slightly from the 2001 estimate (3%), but was the 
second lowest in the summer time series. Estimated biomass in 2002 was only 4650% of that 
observed in summer lrawl surveys in the early 1990s, and 44-56% of the biomass in the most recent 
autumn surveys (Table 14). 

Hoki length frequencies in 2002 showed a main mode centred on 85 cm for males and about 89 cm 
for females (Figure 30). Ageing shows these were mostly fish from the strong year classes in 1991- 
94 seen in 2002 as 8-1 1 year olds (Figure 3 1). There was a second mode at 47-57 cm corresponding 
to fish from the 2000 year-class, and this was the most abundant year-class in the survey by number 
Pigure 31). Two-year-old hoki have been observed in previous surveys in the Sub-Antarctic region, 
notably in summer 1993, when the relatively strong 1991 year-class was present, and in autumn 1996 
when the 1993 year class was age 2+ (Figure 3 1). 



The sex ratio of hoki caught in the Sub-Antarctic survey was skewed, with 1.8 females to every male, 
but this female bias was not as strong as in the commercial catch from the Sub-Antarctic (2.5:l) or 
the WCSI (2.8:l). 

3.2 Acoustic surveys 

Cook Strait 

Nine snapshots of the Cook Strait spawning grounds were completed by Kaharoa fiom 17 July to 
28 August 2002 (O'Driscoll 2003a), extending the series of Cook Strait acoustic surveys used in 
stock assessment from 9 to 10 points (1991, 1993-99, 2000-02). Twenty trawls were carried out 
during the survey for mark identification, to coll'ect biological samples, and for target seength (TS) 
experiments. 

A relative index of hold abundance for 2002 was calculated using the standard approach recommended 
by O'Driscoll(2002a). There were no strong trends in biomass observed during the survey period, so 
all nine snapshots were averaged to obtain the estimate of 225 000 t (Table 15). The 2002 abundance 
index was the highest since 1995, and 45% higher than the previous estimate of 155 000 t in 2001 
(Table 16). Despite this increase, the 2002 estimate was only 54% of the peak biomass observed in 
1993-94 (Table 16). 

East coast South Island 

An industry-funded acoustic survey of spawning hold in Pegasus Bay and Conway Trough off the east 
coast South Island (ECSI) was carried out h m  FV Independent I fiom 2 to 11 September 2002 
(O'Driscoll 2003b). Seven snapshots of Pegasus Canyon and one snapshot of Conway Trough were 
completed. Acoustic transects were nm during normal commercial fishing operations, in 4-6 h 
"windows of opportunity" while the vessel processed catches. A total of 27 cotmnercial trawls in 
Pegasus Canyon provided biological data and information for mark identification. 

The acoustic abundance estimate for Pegasus Canyon was 78 000 f which was about 35% of the 
estimated hoki abundance in Cook Stnit in 2002, and the estimate for Conway Trough was 16 000 t 
The survey confirmed there are concentrations of spawning hoki on the ECSI, suggesting this may be a 
significant satellite spawning area for the eastern stock Abundance estimates from the 2002 ECSI 
acoustic survey were not used in the 2003 assessment, but there is an intention to continue surveying 
this area to build-up a time-series for inclusion in future assessments. 

4. CONCLUSIONS 

The total reported hold catch in 2001-02 was 196 000 t, continuing a decline in catches since 1997-98. 
Catches in 2001-02 were lower than those in 200041 in both major spawning areas (WCSI and Cook 
Strait) and on the Chatham Rise. The decrease in catch in 2001-02 was miven by a reduction of the 
TACC from 250 000 t to 200 000 t 

Length frequencies and catch-at-age results from the commercial fishery show that most of the catch in 
2000-01 was from the 1991-2000 year-classes, but there were regional differences. The 1995-98 year- 
classes were present in all areas with the 1996 and 1997 year-classes dominant in Cook Strait and on the 
Chatham Rise respectively. Western areas were still dominated by fish h m  the 1991-94 year-classes. 
Hoki eom the strong 1987 and 1988 year-classes have now almost diqpeared from the fishery. The 
1999 year-class appears very weak, but the 2000 yearclass was present in catches from all areas and 



may be relatively stmng. 

There has been an increasing sex bias in hoki catches from western stock areas in the last three years, 
with catches of females more than 2.7 and 2.0 times greater than catches of males on the WCSI and in 
the Sub-Antarctic in 2002 respectively. Thls bias was also observed in the Sub-Antarctic trawl survey 
where the ratio of females to males was 1.8:l. Sh& in sex ratio may be related to fishing selectivity, 
but probably also reflect changes in population structure due to lower natural mortality of females as 
fish from the strong 1991-94 year-classes grow older. Catches were less skewed in eastern stock areas, 
with ratios of females to males of 1.8:l and 1.3:l in the Cook Strait and Chatham Rise fisheries 
respectively. 

Survey estimates of eastern hoki biomass showed opposite trends. The trawl survey biomass estimate of 
recruited 3++ hoki on the Chatham Rise in January 2003 was 59% lower than the estimate in 2002. 
However, the estimate of eastern spawning hoki abundance in Cook Strait fiom the acoustic survey in 
2002 was 45% higher than the previous acoustic estimate in 2001. This difference was probably due 
to inclusion of the weak 1999 year-class in the Chatham Rise 3++ index and recruitment of fish from 
the 1997-98 year-classes to the Cook Strait spawning grounds. Western hoki biomass, estimated 
during the Sub-Antarctic trawl survey in November-December 2002, had increased slightly (3%) h m  
2001, but was the second lowest in the summer trawl time-series. 

Estimates of hoki recruitment £rom the 2003 Chatham Rise survey suggested that the 2000 year-class 
was average at 2+, and that the 1999 year-class was weak at l+. 
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Table 1: Reported trawl catches (t) from 1969 to 1987-88,1969-83 by calendar year, 1983-84 to 1987-88 by 
fishing year (1 October to 30 September). Source, FSU data 

New Zealand 
Year U.S.S.R. Japan South Korea Domestic Chattered Total 

* Catches for foreign licensed and New Zealand chartered vessels from 1978 to 1984 are based on estimated 
catches fiom 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 fiom official Wish 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 1986-1987 to 2001-02. 

Reported 
Year catch 

Estimated 
catch 

175 000 
255 000 
210 000 
210 000 
215 000 
215 000 
195 000 
190 000 
168 000 
194 000 
230 000 
261 000 
234 000 
237 000 
226 000 
200 000 

TACC 

250 000 
250 000 
250 000 
251 884 
201 897 
201 897 
202 155 
202 155 
220 350 
240 000 
250 000 
250 000 
250 000 
250 000 
250 000 
200 000 

*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 fiom 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 or over-estimated and some pro rata adjustment of the data 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 hold by area', 1988-89 to 2001-02. Estimated (TCEPR and CELR) 
catches were scaled to reported (QMR or MEIR) catch totals. 

Spawning fisheries 
Fishing Cook 
Year WCSI Puysegur Strait ECSI 
1988-89 188 000 3 500 7000 - 
1989-90 165 000 8000 14000 - 
1990-91 154000 4000 26500 1000 

500 

Non-spawning fisheries 
Sub- Chatham Rise 

Antarctic andECSI ECNI 
5 000 5 000 - 

10 000 13 000 
18 000 11 500 

3 4  000 45 500 - 
26 000 43 000 2 000 
12 000 24 000 2 000 
13 000 39 000 1000 
12 000 49 000 3 000 
25 000 56500 5000 
24 000 75 000 4000 
23 000 73 500 2 500 
34 000 57000 1500 
30 000 50500 2000 
30 000 39000 1000 

Null* 

- 

3000 
1 000 

2000 
1 000 
3 000 

1000 
1 000 
1500 

Total 
catch 

208 500 
210 000 
215 000 
215 000 
195 000 
191 000 
174 000 
210 000 
246 000 
269 000 
244 500 
242 000 
230 000 
196 000 

* Estimated catches by area fromTCEPR and CELR adjusted pm mta to the total reported (QMS) catches in 
Table 2. 

# Area mdefined because of missing positions or statistical areas. 
-No catches 

Table 4: Relative CPUE indices (and 95% confidence intervals) by year for the fonr major hold fisheries 
(from Dunn & Livingston, unpublished results). Vessel subsets were dressed core vessels from the WCSI, all 
core vessels from Cook Strait, and fillet core vessels from the Chatham Rise and Sub-Antarctic fisheries. 

Year* - 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 

WCSI 

1.01 (0.93-1.10) 
1.17 (1.10-1.24) 
1.43 (1.36-1.50) 
0.94 (0.80498) 
0.91 (0.88-0.94) 
0.75 (0.73-0.78) 
0.80 (0.77-0.83) 
0.90 (0.87-0.93) 
1.12 (1.09-1.16) 
1.18 (1.14-1.23) 
1.42 (1.37-1.48) 
0.90 (0.87-0.94) 
0.75 (0.72-0.79) 

Cook Strait - 
(0.85-1.04) 
(0.67-0.76) 
(1.49-1.73) 
(0.95-1.09) 
(1.01-1.15) 
(1.04-1.16) 
(0.93-1.02) 
(0.85-0.93) 
(0.87-0.96) 
(0.82-0.91) 
(0.95-1.06) 
(0.81-0.90) 
(1.21-1.39) 

Chatham Rise Sub-Antarctic 

1.23 (1.08-1.41) 
1.05 (0.98-1.12) 0.66 (0.59-0.73) 
1.20 (1.13-1.26) 1.31 (1.25-1.38) 
1.19 (1.14-124) 1.09 (1.04-1.15) 
0.89 (0.85-0.94) 1.21 (1.13-1.29) 
0.94 (0.91-0.98) 1.13 (1.07-1.19) 
1.05 (1.01-1.08) 1.05 (0.99-1.10) 
0.95 (0.92-0.98) 1.22 (1.16-1.27) 
0.92 (0.9fM.94) 1.04 (1.00-1.69) 
1.06 (1.03-1.09) 0.92 (0.88-0.97) 
0.89 (0.86-0.92) 0.96 (0.90-1.00) 
0.86 (0.83-0.89) 0.80 (0.76-0.73) 
0.87 (0.84-0.91) 0.83 (0.79-0.87) 

*Calender year for spawning fisheries, and fishing year for non-spawning fisheries (2001 = 2000-01) 



Table 5: Bycatch rates on vessels with Scientific Observer Programme observers in the hoki fishery 
(tows targeting hohi from 1993-94 to 200142. The WCSI and Cook Strait data cover the 
spawning season only. 

WCSI 1993-94 
199k95 
199546 
199697 
1997-98 
1998-99 
199940 
2000-01 
2001-02 

Cook 
Stlait 

Sub- 1993-94 
Antarctic 1994-95 

1995-96 
1996-97 
1997-98 
1998-99 
199WO 
2 0 m 1  
2001-02 

Chatham 1993-94 
Rise 1994-95 

1995-96 
-1996-97 
1997-98 
1998-99 
199WO 
2000-01 
2001-02 

Catch in t I% of hoki catch) 
Hoki Hake Silver warehou Spiny dogfish 

-, less than 0.1 (except for Cook Strait 1994-95 and 1996-97, and Puysegur 1997-98 for which there are no observer data) 



Table 6: Strata for the Chatham Rise fishery in 2001-02 based on the tree regression of all data (Hold 
Management Company and ScientiEc Observer Programme combined). 

Splitting variable 
Depth (m) Longitude Date 

C 495.5 c 176.5 1Oct01-5Sep02 
495.5 - 544.4 < 176.5 2 Apr 02 - 5 Sep 02 
495.5 - 544.4 < 176.5 1 OctOl-1 Apr02 

c544.5 c 176.5 6 Sep 02 - 30 Sep 02 
C 544.5 2 176.5 27 Jan 02 - 30 Sep 02 
C 544.5 2 176.5 1 Oct 01 - 26 Jan 02 

544.5 - 586.4 - 
586.5 - 642.4 - 

2 642.5 - 2OMarO2-3OSepO2 
2 642.5 - 10ct01-19Mar02 

Mean length (em) 
67.44 
68.07 
71.10 
73.29 
71.99 
74.86 
73.34 
76.37 
76.99 
84.79 

No. of tows 
324 
145 
167 
60 

299 
167 
273 
166 
46 

207 



Table 7. Time periods for the Chatham Rise area in which the length frequencies were calculated along 
with the number of weeks and the number of observed tows where fsh were sexed. The date is the 
median date of the time period and some weeks were excluded due to periods of no sampling. 

Year Time period 
1 2 3 4 5 6 7 8 9 

1991-92 Date 9 Dec 10Feb 20Apr 3 Jul 5 Sep 
# weeks 8 10 10 11 7 
#tows 5 1 38 74 14 8 

1992-93 Date 28 Oct 23 Dec 21 Apt 7 Jul 16 Sep 
#weeks 8 8 12 10 4 
#tows 5 43 16 11 14 

1993-94 Date 28 Oct 16Dec 20 Jan 21 Feb l8Apr 9 Jun 
#weeks 8 6 4 5 7 8 
#tows 66 57 39 3 1 35 55 

1994-95 Date 1lOct 25Nov 14Feb 9May 7Jul 9Sep 
#weeks 3 10 13 11 6 6 
#tows 6 13 30 70 22 16 

1995-96 Date 14 Oct 30Dec 1 May 22 Jun 15 Sep 
#weeks 4 12 7 8 4 
#tows 49 56 70 57 66 

1996-97 Date 14Oct 2May 13 Jun 28 Jul 
#weeks 4 5 7 6 
#tows 68 48 41 12 

1997-98 Date 28 Oct 9 Dec 6 Jan 3 Feb 7Mar 14Apr 13 Jun 9 Sep 
#weeks 8 4 4 4 5 6 11 6 
#tows 30 79 60 43 78 274 133 16 

1998-99 Date 28 Oct 9 Dec 6 Jan 3 Feb 3 Mar 7 Apr 19 May 4 Jul 
#weeks 8 4 4 4 4 6 6 7 
# to@ 98 53 91 72 23 45 112 44 

1999-00 Date 21 Oct 6 Jan 2Dec 3Feb 2Mar 30Mar 4May 19 Jun 19 Sep 
#weeks 6 6 4 4 4 4 6 7 3 
#tows 202 443 135 147 183 161 199 142 56 

2000-01 Date 21Oct 2Dec 6Jan 3Feb 3Mar 31Mar 5May 27Jun 16Sep 
#weeks 6 6 4 4 4 4 6 9 4 
#tows 338 388 260 241 232 237 152 152 73 

2001-02 Date 21 Oct 2Dec 17 Jan 10 Mar 2 May 20 Jun 16 Sep 
#weeks 6 6 7 8 7 7 4 
#tows 226 148 242 350 323 62 85 
#strata 4 3 7 8 8 1 2 



Table 8: Comparison of the TCEPR, Scientific Observer Programme (SOP), and otolith data by stratum for 
the Chatham Rlse. The catch for SOP is the total catch for the observed tows 

stratum 
1 
2 
3 
4 
5 
6 

total 

Hoki catch (t) - 
TCEPR SOP 
26288 1509 
12 467 592 
2 930 248 
2 064 121 
3 333 192 
4 061 141 
51122 2802 

No. of tows sampled 
TCEPR SOP Otolith 
6 087 237 185 
2 708 128 111 
901 70 65 
574 33 25 
855 43 39 

1423 80 27 
12 548 591 452 

No. of fish 
Measured Aged 
24 589 575 
13 636 328 
7 388 195 
3 141 75 
4 338 112 
3 329 77 
56421 1362 

Table 9: Catch at age estimates for the non-spawning areas in 2000-01 obtained from aged otoliths. The 
proportions are the frequencies of year class and sex. 

Chatham Rise Sub-Antarctic 
Year-class male 

1999 0.0001 
1998 0.0272 
1997 0.1491 
1996 0.0824 
1995 0.0339 
1994 0.0421 
1993 0.0288 
1992 0.0192 
1991 0.0045 
1990 0.0021 
1989 0.0020 
1988 0.0023 
1987 0.0024 
1986 0 
1985 0 
1984 0 
1983 0 
1982 0 
1981 0 
Total 0.3961 

female 
0.0002 
0.0201 
0.1649 
0.1386 
0.0496 
0.0680 
0.0328 
0.0475 
0.0256 
0.0079 
0.0129 
0.0139 
0.0091 
0.0073 
0.0013 
0.0003 
0.0006 
0.0025 
0.0009 
0.6039 

male 
0 

0.0064 
0.0253 
0.0562 
0.0746 
0.1023 
0.0597 
0.0705 
0.0383 
0.0055 
0.0005 
0.0014 
0.0007 

0 
0 
0 
0 
0 
0 

0.4414 

female 
0 

0.0047 
0.0072 
0.0285 
0.05 11 
0.1321 
0.0930 
0.1 127 
0.0667 
0.0208 
0.01 16 
0.01 19 
0.0101 
0.0045 
0.0036 
0.0000 
0.0001 

0 
0 

0.5586 

Table 10: Strata for the Sub-Antarctic fishery in 2001-02 based on the tree regression of aU data (Hoki 
Management Company and Scientific Observer Progrnmme combined). 

Splittiag variable 
Stratum Depth Longihlde Latitude Mean length (em) No. of tows 
1 < 353 - 5 48.86 59.89 21 



Table 11. Time periods for the Sub-Antarctic area in which the length frequencies were calculated along 
with the number of weeks and the number of observed tows where fish were sexed. The date is the 
median date of the time period and some weeks were excluded due to periods of no sampling. 

Year - Time period 
2 3 4 5 6 7 

1991-92 Date 
#weeks 
# tows 

25 Oct 
7 

96 

24 Jan 6 Apr 15 Jun 25 Aug 
11 10 10 10 
19 30 79 43 

1992-93 Date 
#weeks 
#tows 

20Dec 28 Feb 18 Apr 02 Sep 
13 7 7 8 
16 26 38 49 

1993-94 Date 
#weeks 
# tows 

8 Nov 
11 
64 

1994-95 Date 
#weeks 
#tows 

10 Jan 
7 

28 Feb 25 Apr 
7 9 

30 14 

1995-96 Date 
#weeks 
#tows 

11 oct  
3 

2Mar 15 May 19 Sep 
12 9 3 
24 57 15 

1996-97 Date 
#weeks 
# tows 

8 Nov 
11 
21. 

1997-98 Date 
#weeks 
# tows 

22 Nov 
15 
36 

10Feb 31 Mar 16Sep 
8 6 3 

40 57 41 

1998-99 Date 
#weeks 
# tows 

14 Oct 
4 

14 

1999-00 Date 
#weeks 
#tows 

11 Oct 
3 

20 Jan 6Mar 24Apr 15 Jun 19 Sep 
6 7 7 8 3 

87 74 118 259 20 

2000-01 Date 
# weeks 
# t o m  

25 Oct 
7 

108 

9 Dec 20 Jan 3 Mar 18 Apr 9 Jun 12 Sep 
6 6 6 7 8 5 

2001-02 Date 
#weeks 
#tows 
#strata 

21 Oct 
6 

182 
5 



Table 12: Comparison of the TCEPR, Scientific Observer Programme (SOP), and otolith data by stratum 
for the Sub-Antarctic. The catch for SOP is the total catch for the observed tows. 

Hoki catch (t) 
stratum TCEPR SOP 

1 1 167 204 
2 9 145 645 
3 13 627 325 
4 3 202 329 
5 3 025 789 

total 30 165 2293 

No. of tows sampled 
TCEPR SOP Otolith 

466 39 20 
1865 76 64 
3 507 82 62 
725 69 64 
832 119 110 

7 395 385 320 

No. of fish 
Measured Aged 

3 046 62 
6 974 177 
6062 . 189 
6 489 184 
6 020 372 
28 591 984 

Table 13: Relative biomass estimates of hoki on the ChathamRise from Tmg(u0a trawl surveys, January 
1992-2003. C.V. is the coefficient of variation (in parentheses). 

I+ hoki 
Year-class '000 t c.v 

2+ hoki - 
Year-class '000 c.v 

3++ hoki Total hoki 
'000 t c.v '000 t C.V 

Table 14: Relative biomass estimates of hoki in core 300-800 m strata from Sub-Antarctic Tangaroa trawl 
surveys. C.V. is the coefficient of variation (in parentheses). 

Survey Total hold 
Summer series '000 t C.V. 

Autumn series 
1992 
1993 
1996 
1998 



Table 15: Acoustic biomass estimates by snapshot and stratum for the 2002 Cook Strait survey (modified 
from O'DriscoU2003a. ev. is the coefficient of variation (in parentheses). Stratum names: 1, Narrows Basin, 
2, Cook Strait Canyon; 3, Nicholson Canyon; 5 4  Cook Strait Canyon extension; 5B, deepwater outside 
Nicholson and Wairarapa Canyons; 6, Terawhiti Si. 

Snapshot 
1 
2 
3 
4 
5 
6 
7 
8 
9 

- 
Date 
22 - 24 Jul 
28-29Jul 
29-31 Jul 
2-3Aug 
5-6Aug 
10-11 Aug 
13 -21 Aug 
21 -22 Aug 
22 - 23 Aug 

Stratum biomass ('000 t) 
1 2 3 5A 5B 6 

Total 
('000 t) 

154 
213 
185 
262 
148 
245 
217 
427 
172 

snapshot 
C.V. 

(13) 
(42) 
(20) 
(27) 
(32) 
(25) 
(29) 
(62) 
(35) 

Average 48 116 3 19 36 3 225 (16) 

Table 16: Acoustic abundance indices and coefficients of variation (c.v.) % for Cook Strait surveys (from 
O'DriscoU 2003a). 

Year 
1991 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2001 
2002 

Biomass ('000 t) 
126 
418 
420 
298 
138 
209 
115 
175 
155 
225 

C.V. 

(45) 
(53) 

(102) 
(71) 
(64) 
(41) 
(46) 
(36) 
(34) 
(34) 
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Figure 2: Estimated total catch (t) of hoki by area, 198849 (89) to 2001-02 (02). "Easternn areas include 
Chatham Rise, Cook Strait, and east coast North Island (ECNZ). "Westernn areas indude west coast 
South Island (WCSI), Sub-Antarctic, and Puysegur. 
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Figure 3: Monthly distribution of hold catch by area in the 2001-02 fishing year. 
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Figure 4a: Monthly distribution of WCSI hold catch for the 1992-93 to 2001-02 fishing years. 
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Rigure 4b: Monthly distribution of Cook Strait hold catch for the 1992-93 to 200142 fwhing years. 
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Figure 4c: Monthly distribution of ChatharnRise hold catch for the 1992-93 to 2001-02 fishing years. 
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Figure 4d: Monthly distribution of Sub-Antarctic hold catch for the 1992-93 to 2001-02 fishing years. 



figure 5a: Positions of aU commercial trawls where hold was the reported target species in the 2001-02 
fishing year. Commercially sensitive positions have been removed. 



Figure 5b: Positions of all trawls where hold were measured by observers from the MFish Scientific 
Observer Programme in the 2001-02 fishing year. Commercially sensitive positions have been removed. 
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Figure 6a: Length frequency of female hob in commercial catches from the west coast South Island 
spawning fishery from 1989 to 2002 sampled at sea by the Scientific Observer Programme. n is the 
number of tows sampled, no. is the number of fish sampled. Numbers above the histograms mark 
estimated year-elass modes, e.g., 91 = 1991 year-class. 
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Figure 7a: Catch at age of female hold in commercial catches from the west coast South Island spawning 
fshery from 1988 to 2002 sampled at sea by the Scientiiic Observer Programme. n is the number of fish 
aged. Grey bars show 1987 and 1988 year-classes and black bars show 1991-94 year-dasses. 



Figure Ib: Catch at age of male hold in commercial catches from the west coast South Island spawning 
fishery from 1988 to 2002 sampled at sea by the Scientific Observer Programme. n is the number of fish 
aged. Grey bars show 1987 and 1988 year-classes and black bars show 1991-94 yearslasses. 
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Figure 8: Length frequency of male and female hold taken in commercial catches from the west coast 
South Island spawning fishery in 2002 and sampled at sea by the Scientific O b s e ~ e r  Programme, by date. 
n is the number of tows sampled. 
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Figure 8 cont: Length frequency of male and female hold taken in commercial catches from the west 
coast South Island spawning fishery in 2002 and sampled at sea by the Scientific Observer Programme, 
by date. n is the number of tows sampled. 
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Figure 9: Mean length of female (dashes) and male (squares) hold taken in commercial catches from the 
west coast South Island spawning fishery 1986-95 sampled at sea by the ScienNie ObSe~er Programme. 
Lines are a loess fit. 
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Figure 9 cont: Mean length of female (dashes) and male (squares) hold taken in commercial catches from 
the west coast South Island spawning fishery 1996-2002 sampled at sea by the Scientific Observer 
Programme. Lines are a loess fit 
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Figure 10a: Comparison of length frequency of female and male hold taken from inside and outside the 
25 n. mile line in commercial catches from the west coast South Island spawning fishery in 2002 sampled 
at sea by the Scientific Observer Programme. n is the number of tows sampled, no. is the number of fsh 
sampled. 
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Figure lob: Comparison of west coast South Island length frequencies of hold in commercial catches from 
inside the 25 n. mile line sampled by NIW.4, and for the rest of the west coast South Island spawning 
fishery sampled at sea by the Scientific Observer Programme 2002. n is the number of landings or tows 
sampled, no. is the number of fish sampled. 
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Figure 10c: Comparison of west coast South Island length frequencies of hoki in commercial catches from 
inside the 25 n. mile l i e  sampled by NIWA and Sealord. n is the number of landings sampled, no. is the 
number of fish sampled. 
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Figure l la:  Length frequency of female hoki in commerual catches from the Cook Strait spawning 
fishery from 1991 to 2002 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 histograms mark year-elass 
modes, e.g., 91 = 1991 year-class. 
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Figure l lb:  Length frequency of male hold in commercial catches from the Cook Strait spawning fishery 
from 1991 to 2002 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 histograms mark year-class modes, eg., 
91 = 1991 year-class. 



Figure 12a: Catch at age of female hold in commercial catches from the Cook Strait spawning fishery 
from 1988 to 2002 sampled in sheds by the Stock Monitoring Programme. n is the number of fish aged. 
Grey bars show 1987 and 1988 year-classes and black bars show 1991-94 year-classes. 



Figure 1Zb: Catch at age of male hold in commercial catches from the Cook Strait spawning fishery from 
1988 to 2002 sampled in sheds by the Stock Monitoring Programme. n is the number of fish aged. Grey 
bars show 1987 and 1988 year-classes and black bars show 1991-94 year-classes. 
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Figure 13: Comparison of Scientific Observer F'rogramme (observer), and the Stock Monitoring 
Programme (market) length frequencies of hoki taken in commercial catches from Cook Strait during the 
2002 spawning season. n is the number of tows or landings sampled. 
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Figure 14: Monthly length frequencies of hoki taken in commercial catches from the Cook Strait fishery 
from June to September ZOO2 sampled in sheds by the Stock Monitoring Programme. n is the number of 
landings sampled. 
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Figure 15: Mean length of female (dashes) and male (squares) hold taken in commercial catches from the 
Cook Strait spawning Iishery 1989-2002 from landings sampled by the Stock Monitoring Programme. 
Lines are a lo& fit - 
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Figure 16a: Length frequency of female hoki in commercial catches from the Puysegur spawning fishery 
from 1989 to 1997, and 1999 to 2002 sampled at sea by the Scientific Observer Programme. n is the 
number of tows sampled, no. is the number of tkh sampled. 
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Figure -16b: Length frequency of male hold in commercial catches from the Puysegur spawning tishery 
from 1989 to 1997, and 1999 to 2002 sampled at sea by the Scientific Observer Programme. n is the 
number of tows sampled, no. is the number of Gsh sampled. 
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Figure 1% Comparison of length frequencies of hoki taken in commercial catches from the Chatham Rise 
2001-02 fishery sampled by the Scicntiiic Observer Programme (SOP), the Hoki Management Company 
Observer Programme (HMC), and Scientiiic Observer Programme combined with Hoki Management 
Company data (Combined). n is the number of tows sampled, no is the number of Iish sampled. 
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Figure 18a: Length frequency of female hold taken in commercial catches from the ChathamRise fishery 
from 1990-91 to 2001-02 sampled by the Scientific Observer Programme (1990-91 to 2001-02) and 
combined with Hold Management Company data (2000-01 and 2001-02). n is the number of tows 
sampled, no is the number of fish sampled. 
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Figure 18b: Length frequency of male hoki taken in commercial catches from the Chatham Rise fishery 
from 1990-91 to 2001-02 sampled by the Scientific Observer Programme (1990-91 to 2001-02) and 
combined with Hold Management Company data (2000-01 and 2001-02). n is the number of tows 
sampled, no is the number of fish sampled. 
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Figure 19: Proportions at age and sex in the catch from the Chatham Rise as estimated by OLF. White 
bars show 1987 and 1988 year-classes and black bars show 1991-94 year-dasses. 
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Figure 20: Plots showing the strata for the Chatham Rise area used in the 2000-01 catch at age estimates 
from otoliths. Strata 2 & 3 are divided by the day of the fishing year (stratum 3 is on or before 12 
December 2000). Observed and TCEPR recorded tows are plotted in the 2 panels. 

Chatham Rise 

I 1 

Chatham Rise 

Year Class 
1990+ 1992 1994 1996 1998 2 W O  

Year Class 

Figure 21: Catch-at-age estimates for the Chatham Rise during the 2000-01 fishing year from aged 
otoliths. Right hand panels compare estimates for 2000-01 from otoliths and OLF (see Figure 19). 
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Figure 22: Comparison of length frequencies of hoki taken in commercial catches from the Sub-Antarctic 
2001-02 fishery sampled by the Scientitic Observer Programme (SOP), the Hoki Management Company 
Observer Programme (HMC), and Scientific Observer Programme combined with Hoki Management 
Company data (Combined). n is the number of tows sampled, no is the number of Gsh sampled. 
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Figure 23a: Length frequency offemale hold taken in commercial catches from the Sub-Antarctic fishery 
from 1990-91 to 2001-02 sampled by the Scientfic Observer Programme (1990-91 to 2001-02) and 
combined with Hold Management Company data (200041 and 2001-02). n is the number of tows 
sampled, no is the number of fish sampled. 
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Figure 23b: Length frequency of male hold taken in commercial catches from the Sub-Antarctic fishery 
from 1990-91 to 2001-02 sampled by the Scientific Observer Programme (1990-91 to 2001-02) and 
combined with Hoki Management Company data (2000-01 and 2001-02). n is the number of tows 
sampled, no is the number of fish sampled. 
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Figure 24: Proportions at age and sex in the catch from the Sub-Antarctic as estimated by OLF.. White 
bars show 1987 and 1988 yeardasses and black bars show 1991-94 year-classes. 
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Figure 25: Plots showing the strata for the Sub-Antarctic area used in the 2000-01 catch at age estimates 
from otoliths. Strata 1 and 2 are divided by the depth contour of 445m and bounded in the NU' by the 
Puysegur spawning box. The 500 m depth contour is drawn as an indication of the boundary. Observed 
and TCEPR recorded tows are dotted in the 2 panels but commercially sensitive tows, those with - 
latitudes below 51° S, are omitted. 

Sub-Antarctic 

Year Class 

Sub-Fntardlc 

1990+ 1992 1994 1996 1998 2000 

Year Class 

Figure 26: Catch-at-age estimates for the Sub-Antaretic during the 2000-01 fishing year from aged 
otoliths. Right hand panels compare estimates for 2000-01 from otoliths and OLF (see Figure 24). 
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Figure 27a: Length frequency offemale hold taken in commercial catches irom different areas during the 
2001-02 Oshing year. Sub-Antarctic, Chatham Rise, and ECSI sampled by Scientific Observer 
Programme and Hob  Management Company, Cook Strait sampled by the Stock Monitoring Programme, 
other areas sampled by the Scientific Observer Programme. n is the number of tows or landings sampled 
per area, no is the number of fish sampled. 
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Figure 27b: Length frequency of male hoki taken in commercial catches from different areas during the 
2001-02 fishing year. Sub-Antarctic, Chatham Rise, and ECSI sampled by Scientific Observer 
Programme and Hoki Management Company, Cook Strait sampled by the Stock Monitoring Programme, 
other areas sampled by the Scientif~c Observer Programme. n is the number of tows or landings sampled 
per area, no is the number of fsh  sampled 
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Figure 28a: Scaled length frequency for female hold from Chatham Rise Tangaroa trawl surveys. 
Population numbers of female fish (n) are presented along with coefficients of variation (cv) and the 
number offish measured (no.). 
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Figure 28b: Scaled length frequency for male hold from Chatham Rise Tangaroa trawl surveys. 
Population numbers of male fish (n) are presented dong with coefficients of variation (cv) and the 
number of fish measured (no.). 
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Figure 29: Scaled age frequency for hold from Chatham Rise Tmguroa trawl surveys 1992-2003. Black 
bars show the 1991-1994 year classes. 
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Figure 30a: Scaled length frequency for male hoki from all Sub-Antarctic Tunglyoa trawl surveys. 
Population numbers for core strata are presented as black bars and for all strata as grey bars. Numbers 
(m values) above are for all strata and below (in bold) for core strata with c.vs in parentheses. 
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Figure 30b: Scaled length frequency for female hold from all Sub-Antarctic Tangaroa trawl surveys. 
Population numbers for core strata are presented as black bars and for all strata as grey bars. Numbers 
(f values) above are for all strata and below (in bold) for core strata with c.v.s in parentheses. 
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Figure 31a: Scaled age frequency for male hoki from all Sub-Antaretic Tmguroa trawl surveys for the 
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Figure 31b: Scaled age frequency for female hold from all Sub-Antarctic Tangaroo trawl surveys for the 
core 300400 m survey area. Number of fish aged (f values) are given with c.vs in parentheses. Black bars 
show the 1991-1994 year classes. 
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