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EXECUTIVE SUMMARY 

O'DriscoU, R.L.; Phillips, N.L.; Livingston, M.E.; Hicks, A.C.; Ballara, S.L. (2002). Catches, size, 
and age structure of the 2000-01 hoki fishery, and a summary of biological research for the 2002 
stock assessment. 

New Zealand Fisheries Assessment Report 2002/39.70 p. 

This report updates the catch by area and the length and age structure of hoki caught commercially 
during the 2000-01 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 
research surveys in 2001, and current research and recent publications are also briefly described. Data in 
this report were incorporated in the hoki stock assessment in 2002. 

In 2 W 1 ,  the total reported hob catch was 230 000 f continuinga decline in catches since 1997-98. 
The TACC of 250 000 t was undercaught Catches in 2000-01 were lower than those in 1999-2000 in 
all four major fisheries (west coast South Island, SubAntarctic, Chatham Rise, and Cook Strait). 

Length frequencies and catch-atage results from the commercial fleet show that most of the catch in 
2OW-01 was from the 1991-98 yearclasses. The 1995 and 199'6 year-classes were present in all areas 
but were relatively weak Hoki from the 1997 year-class were an important part of the ChathamRise and 
Cook Strait catch, but were not caught in large numbers on the west coast South Island or in the Sub- 
Antarctic. Catches in the westem areas were still dominated by fish from the strong 1991-94 year- 
classes. Large females from the strong 1987 and 1988 year-classes have now almost disappeared from 
the fishery. . . 

The estimate of spawning hoki biomass in Cook Strait from the acoustic survey in 2001 was 12% 
lower than the previous acoustic estimate from 1999. This contrasts with the trawl survey biomass 
estimate of 3 u  hoki on the Chatham Rise in January 2002, which was 40% higher than estimates in 
1999 and 2000, probably due to the movement of the moderately strong 1998 yearclass into the 3 U  
group. The 1999 year-class at age 2+ was very weak on the Chatham Rise in the January 2002 survey, 
consistent with the very low abundance of this yearclass at age I+ in 2001. The estimated biomass of 
the 2000 yearclass in 2002 on the Chatham Rise was similar to the 1994 and 1997 year-classes at age 
I+, but it is still too early to draw conclusions about the relative strength of this yearclass. Hoki 
biomass estimated during the SubAntarctic trawl survey in November-December 2001 was the lowest 
in the summer time series. and had declined by 30% from2000. 



1. INTRODUCTION 
I 

This report provides data relevant to the 2002 hoki stock assessment. Catch statistics and commercial 
sampling from the 2000-01 fishing year are presented, and results from other research programmes that 
have occurred since March 2001 are summarised. These include the results of an acoustic survey of 
Cook Strait in July-August 2001, and trawl surveys of the Sub-Antarctic in November-December U)01 
and Chatham Rise in January 2002. 

I Details of model structure, results, and yield estimates from the new hoki stock assessment canied 
out in 2002 will be published in a separate report, and are not included here. 

1.1 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). However, since 1990 the Hoki Working Group has assessed 
hoki as two stocks, "eastern" and "westem" (Annala (1990) and subsequent Plenary Reports). Hoki on 
the west coast of the Noah and South Islands and in the area south of New Zealand, including F'uysegur 
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 Strait, and the east coast 
of the North Island up to North Cape are assumed to be the "eastern stock". Immature hoki (24 yrs) 
from 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 199G97, and concluded that this hypothesis was still a valid 
interpretation for hoki. Morphomettic and ageing studies (Horn & Sullivan 1996, Livingston & 
Schofield 1996) have found consistent differences between adult hoki h m  the two main dispersed 
areas (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 
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). 

Two recent studies 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 signific&t differences& measurements of otolith rings, between 
samples of 3 year old hold caught on the WCSI and in Cook Strait. These results suggest that the two 
groups of fish were exposed to different environmental conditions during the larval and/or early 
juvenile stages. 

1.2 Background to the hoki fishery 

Historically, the main fishexy 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 3GG-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 hold 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 Noah Island (ECNI). 

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. 

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 t in 1978 when the 200 n. mile exclusive 
economic zone (EEZ) was declared and a quota limit of 60 000 t was introduced (F'1gure 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 1996-97, 
and peaking at 269 000 tin 1997-98, when the TACC was over-caught by 19 000 t. Recent catches have 
been less than the 250 000 t TACC (Table 2). 

The patem 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 100 000 t (Table 3). In Cook Strait, 
catches increased from 1988-89 to 1995-96 but have since declined to about 40 000 t Non-spawning 
catches on the Chatham Rise increased from 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 W 2 5  000 t from 1996-97 
to 1998-99, then increased in the last two years. 

From 1986 to 1990 surirni 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 m e t  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 6llets 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 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 the past decade. 

A new age-structured model, with Bayesian inference, was used in the hoki assessment in 2002 (Annala 
et al. 2002). This model was implemented in the new general-purpose stockassessment program, 
CASAL (Bull et al. 2002). As a quality assurance measure, the results fromthe two 2001 assessments 
(Annala et al. 2001, Cordue 2001) were replicated using C A S K  before the start of the 2002 assessment 
(Rancis et al. 2002). 

AJJ available acoustic and trawl survey indices were reviewed as part of the 2002 assessment 
O'Driscoll (2002a) revised indices from acoustic surveys of WCSI and Cook Strait to ensure 
consistency between surveys, and omitted the 1988 and 1992 Cook Strait surveys fromrecalculated time 
series because of poor spatial and temporal coverage. He also recalculated model weightings for each 
survey (expressed as coefficients of variation or c.v.s) using a Monte Carlo simulation method which 
combines uncer&ainties associated with different aspects of the acoustic estimation method. Livingston 
& Stevens (2002) reviewed trawl survey data and recommended dropping data from early Shinkai Manc 



and Amaltal ExpIorer trawl surveys from the assessment because of survey design and gear differences. 

Standardised catch-per-uniteffort (CPUE) indices were updated for all fisheries by Dunn (2002) 
using the methods of Langley et al. (2001), and are summarked here (Section 2.1.3). A new model 
(optimised length frequency, or OLF) was developed in 2002 for predicting proportions at age and sex 
from length fquencies for non-spawning fisheries (Hicks et al. 2002). O W  w y  used to estimate catch- 
at-age for the two major non-spawning fisheries (Chatham Rise and Sub-Antarctic) from 1991-92 to 
2 m 1  (Section 2.2.2). 

New fisheries-independent information in 2002 included the results from the Cook Strait acoustic 
survey in winter 2001 (O'Driscoll 2002b), and trawl surveys of the Sub-Antarctic in November- 
Decemixr 2001 (O'DriscolI & Bagley 2002) and Chatham Rise in January 2002 (Livingston 2002). 
Results from resource surveys are summarised in Section 3.1. Some acoustic investigations of 
catchability and vertical availabiity were carried out during both recent mwl surveys, and preliminary 
results were presented by O'Driscoll(2002c). 

Two studies aimed at defining community structure and changes in bycatch of the hoki fishery on the 
Chatham Rise identified sigmficant changes in the relative abundance of key community species and 
some bycatch species since 1992 (Bull et al. U)01, Livingston et al. 2002b). Another report to explore 
trends in abundance from the Chatham Rise trawl survey series showed significant declines in hoki 
and hake abundance, but increases in some other species, notably sea perch and spiny dogfish 
(Livingston et al. 2002a). It was also found that the catchabiity of hoki is lowest in the early morning 
and early evening (Livingston et al. 2002a). An update on work by Livingston (1997) and an 
improved model to predict hold year class strength in relation to climate variables was published by 
Bull & Livingston (2001). Target strength work on holci and associated bycatch species is on-going 
(h!Iacaulay 2001). 

2. HOKl FISHERY, 2000-01 

2.1 Catch and effort information 

2.1.1 Total Allowable Commercial Catch (TACC) 

In the 200041 fishing year the TACC for HOK 1 was 250 000 t. This applied to all areas of t h e m  
except the Kermadec Fishery Management Area which had a TACC of 10 t The HOK 1 TACC was 
reduced to 200 000 t for the 200142 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 46 m. Jn Cook 
Strait, the entire spawning area is closed to vessels over 46 m. 

2.1.2 Catch history 

The total annual catches of hoki within the EEZ from 1969 to 2000-01 are given in Tables 1 and 2. In 
2000-01 the TACC was undercaught by 20 000 t, and the total reported hoki catch of 230 000 t had 
dropped by 12 000 t from 1999-2000 (Table 2). The total estimated catch from catcheffort-and- 
landing-retum (CELR) and trawlcatch-effort-and-processing-return ( T W R )  data in 200041 was 



218 000 t. As the data extraction was done in mid December 2001, most of the data will have been 
extracted, but a small amount of data may stilI not have been' recorded on the database. 

Catches by area since 1988-89 are given in Table 3 and 13gure 2. The distribution of catch in 2000- 
01 was similar to that in 1999-2000, but there was a reduction of catch from all four major fisheries 
(WCSI, Sub-Antarctic, ChathamRise, and Cook Saait). In 2000-01, WCSI catches decreased by about 
4000 t and catches in the Sub-Antarctic decreased by 1500 t from the levels seen in the 1999-2000 
fishing year. In Cook Strait, catches dropped for the fifth year running, and are now at a similar level 
to those of 1993-94. The catch from the Chatham Rise and ECSI continued to decline from the peak 
1997-98 and 1998-99 levels to 54 000 t in 200041. This drop may be due in part to industry efforts 
to reduce fishing pressure on the western Chatham Rise. Catches from the ECNI and Puysegur in 
200041 increased slightly from those in 1999-2000. 

The rdislribntion in catch from eastern stock areas (Chatham Rise with no account taken of eastern 
and western stock split, ECSI, ECNI, and Cook Sti-ait) to western stock areas (WCSI, Puysegur, and 
Sub-Antarctic) seen in 1999-2000 has continued in 2000-01. About 59% 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 Figure 3). Most of the Sub-Antarctic catch was also taken during the non-spawning period, with 
highest catches from April to June. Vessels concentrated on the WCSI and Ccok Strait spawning 
grounds from June to September, with peak catches in July and August (Figure 3). In Cook Strait, small 
amounts of hoki were also caught outside the spawning season. Fishing at Puysegur was mainly in 
September, when hoki are known to be spawning in this area. Small catches were taken year-round from 
the ECNL The monthly distributions of hoki catches from WCSI, Cook Strait, Chatham Rise, and 
Sub-Antarctic in 2000-01 were similar to those in previous years (Figure 4). 

I 2.1.3 CPUE analysis 

Updated estimates of standardised CPUE indices for the WCSI and Cook Strait spawning hoki fisheries, 
and the ChathamRise and Sub-Antarctic non-spawning hoki fisheries, up to 2000-01 were presented by 
Dunn (2002). Indices were calculated using lognormal models of catch per tow for sub-groups of vessels 
based on the methods of Langley et al. (2001). Catch data were fitted using a lognormal regression 
model to obtain estimates of relative year effects. A forwardlbackwards 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 1.0% change in residual deviance. 

Tows by core vessels h m  the surimi, dressed, and fillet fleets were analysed separately where possible 
(Dunn 2002). The Working Group discussed the use of CPUE in the stock assessment and agreed to 
include the CPUE indices for the dressed core vessels from WCSI, and fillet core vessels from the 
Chatham Rise and Sub-Antarctic in one model run as a sensitivity test. For the WCSI spawning fishery, 
CPUJ? indices for the dressed core vessels climbed from 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 (Table 4). The 
CPUE indices for the Cook Strait spawning fishery suggest a stable, or slightly decreasing, trend in 
abundance since 1993, with no strong indications of a decline in 2001 (Table 4). The indices for the 
Chatham Rise and Sub-Antarctic fisheries both show a continuous decline since the early 1990s (Table 
4). 

In general, the models developed were unable to capture the extremes in catch rate observed in the 



fisheries. The predictive models generally underestimated the observed catches at the upper extreme 
of the observed range of catches, while overestimating the catch from trawls at the lower range. In all 
cases model fits were poor and suggested serious departure £rom model assumptions (i.e., nonnally 
distributed constant variance residual errors), indicating that the model structure may be inadequate 
to reliably determine the indices. There were also considerable diierences in some of the indices 
derived from different. sets of catch effort data. The validity of standardised CPUE indices as 
measures of relative abundance of hoki is questionable (Dunn et al. 2000, Langley et al. 2001), and 
CPUE data were not included in any of the final assessment runs in 2002 (Annala et al. 2002). 

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 doghh (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, ling, and spiny dogfish recorded by observers in 2000-01 was lower than in 1999- 
2000 across all areas. Hake and ling bycatch rates in the WCSI fishery halved in 200001, with hake 
bycatch decreasing from 5.8% in 1999-2000 to 2.1%, and ling bycatch dropping from 1.6% to 0.8% 
(Table 5). Ling were still an important bycatch species in the Sub-Antarctic, with a bycatch rate of 
5.1%. Bycatch of silver warehou was very high in Puysegur and the Sub-Antarctic in 200041, with the 
catch of silver warehou nearly 32% of the observed hoki catch in the Puysegur fishery. 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. 
There has also been some miimporting of hake catches on the ChathamRise and WCSI in recent years. 

2.2 Size and age composition of commercial catches 

The main hoki fisheries in 2000-01 were identified by extracting all tows that targeted andlor caught 
hoki from the Ministry of Fisheries catch and effort database. Data to estimate length frequencies in 
2000-01 were available from the Ministry's Scientific Observer Programme (SOP), the industry 
observer programme funded by the Hoki Management Company (HMC), and market sampling of landed 
fish by MWA and Sealords. 

Figure 5a shows the positions of all tows by the commercial fleet (excluding comme~ially sensitive 
positions which make up about 5% of tows) for which hoki was the reported target species in 2O00-01, 
and Figure 5b shows the position of all tows sampled for hoki length fiquency distributions by the 
SOP. Hoki were measured by SOP observers in 1781 tows, of which 491 came from the WCSI, 103 
from Cook Strait, 592 from the Chatham Rise, 388 from the Sub-Antarctic, and 49 from Puysegur. 
Another 1480 tows from the Chatham Rise and 447 tows from the Sub-Antarctic were sampled by HMC 
observers in 2000-01. Observer coverage was representative of most of the commercial hoki fishery. 
Ivlarkkt samples from 50 landings of hoki from Cook Strait and 10 landings from the WCSI inside the 
25 n.mile line were collected by MWA in 2000-01 under Ministry of Fisheries Project HOK2000I04. 
An additional 45 market samples from WCSI inside the 25 n.mile line were collected by Sealord staff 
following NIWA protocols. 

Length frequencies were estimated for each of the major fisheries as the weighted (by catch or 
landing weight) average of individual length samples. Length frequency data from 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 stratified by month, island of lauding, and vessel size. In non- 
spawning fisheries, tree-based regression techniques were used to find the most important 
stratification variables (after Francis 2002). Pour variables were offered to the regression model: date, 
bottom depth, latitude, and longitude (all start of tow values), following the recommendation of 
Bradford (2000). The regression model minimised the sum of squares in mean lengths with the 
constraints that: 1) there was a minimum of 70 tows per s t r a m ,  and 2) that each new split should 
explain at least an additional 1% of the variance (Francis 2002). 

Once strata were determined, catch-at-length estimates were produced using custom 'catch.at.agel 
software developed by NIWA. This software scales the length frequency of fish from each catch up 
to the catch weight, sums over catches in each stratum and scales up to the total stratum catch, to 
yield length frequencies by stratum and overall. 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. A validated ageing method for hoki was developed by Horn & Sullivan (1996). The reading 
protocol was refined in 2000 to include measurements of otolith ring radii for the first three rings 
(Cordue et al. 2000), and a method to estimate hoki age distributions incorporating the additional ring 
measurements was developed (Francis 2001). This new methodology was applied to estimate age- 
length keys for the WCSI and Cook Strait fisheries. 

Otolith were available from the MFish Scientific Observer Programme and from market samples 
collected by NIWA. A total of 2749 hoki otoliths were collected from Cook Strait, and 3170 from the 
WCSI spawning fisheries from June to September 2001. Sub-samples of 792 and 763 otoliths from 
Cook Strait and WCSI respectively were selected, prepared, and read using the technique of Horn & 
Sullivan (1996) as modified by Cordue et al. (2000) and described above. 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. Catch-at-age estimates were determined using the custom 
'catch.at.agel software. This software incorporates data from otolith ring measurements using the 
consistency scoring method of Francis (2001) in the age-length key, with c.v.s calculated by 
bootstrapping. 

For the non-spawning fisheries the practice in past years (e.g.. Ballara et al. 2002) has been to produce 
an estimated catch-at-age for a small number of age classes, via length mode analysis using the MIX 
software (see Sullivan et al. (1995) for a description of the use of MIX). A new model (optimised length 
frequency, or OLF') was developed in 2002 for predicting proportions at age and sex from length 
frequencies (Hicks et al. 2002). This new model is a generalised version of MLTLTIFAN, and estimates 
cohort specific growth curves and proportions at age from both stocks. OLF is a significant 
improvement over MIX because the proportions of more cohorts are predicted, and the incorporation of 
growth curves reduces some of the subjectivity when deciding on mean lengths at age (Hicks et al. 
2002). OLF was used to estimate catch-at-age for the two major non-spawning fisheries (Chatham Rise 
and Sub-Antarctic) in 2000-01, and catch-at-age from 1991-92 to 1999-2000, previously estimated by 
MTX, were reestimated using OLE. 



Length frequencies for OLF were derived for 4 to 12 week time periods from 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 (e.g.. by depth or latitude) 
within each time period was not done as most years had a small number of samples. Data kom the 
two non-spawning fisheries, Chatham Rise and Sub-Antarctic, were used together when estimating 
the proportions at age and sex in OLE. The eastern and western stocks were assumed to mix in an 
equal ratio on the ChathamRise, while the Sub-Antarctic consisted entirely of the western stock 

Mean length at age data included in the OLF model came from 10 Chatham Rise trawl surveys and 9 
Sub-Antarctic trawl surveys (IFcks et al. 2002). Due to the poor 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 predicted growth curves. The OLF 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 2000-01 will also be estimated by 
sampling directly for age. This continues 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 propoaions at age will change through 
the fishery. To sample d i i t l y  for age, observer coverage must be sufscient to provide a random sample 
of otoliths from the fishery. A total of 1402 hoki otoliths kom the Chatham Rise and 1020 otoliths from 
the Sub-Antarctic were collected by scientific observers in 2000-01. All these otoliths will be prepared 
and read to try to achieve the target C.V. of 20% (Francis 2002). Catch-at-age estimates from otoliths for 
2002-03 will not be available until after the 2002 stock assessment and will be included in a separate 
report. 

2.2.1 Size and age composition in spawning fisheries 

West coast South Island 

The 2001 catch from the WCSI fishery was made up of fish fiom 60 to 110 cm (Figure 6). The modal 
length was 87 cm for females and 82 cm for males. Most of the catch came from the 1992 to 1997 
year-classes, with the mode at age 7 (1994 year-class) for females and age 6 (1995 year-class) for 
males (Figure 7). More young males were caught than females, with 3-year-old males fiom the 1998 
year-class appearing in the catch in 2001, along with a few 2-year-old males. This supports the idea 
that mate hoki tend to mature younger, and therefore recruit to the spawning fisheries earlier, than 
females. Fish from the strong 1987 and 1988 year-classes (age 13 and 14 in 2001) have almost 
disappeared from the catch. It was not possible to visually distinguish individual year-classes fiom 
the length frequency distributions (see Figure 6). so no inference could be drawn about reIative 
growth rates. 

In 2001, hoki length kequencies were broadly similar from June to August @gure 8). but few large 
females (greater than 100 cm) were caught in September. 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). 

There was no clear difference in size of hold sampled from inside and outside the 25 n. mile line on 
the WCSI (Figure 10). Market samples from inside the line taken by NIWA and Sealord showed 



similar distributions, although there was obviously some rounding of fish lengths to the nearest 5 cm 
by Sealord's sampling staff in August (Figure 10). 

Cook Strait 

As in the WCSI fishery, the 2001 catch from Cook Strait consisted mainly of hoki from 60 to 110 cm 
Figure 11). The bimodal length distribution observed in 2000 disappeared in 2001, as the 1997 year- 
class has merged with previous yearclasses (Figure 11). The modal length of 1997 year-class was about 
66-68 cm in 2001, which was larger than the 1994 yeiil-class at age 4. The female length frequency was 
broader than the male length frequency, with more large females (over 90 cm) caught than males (Figure 
11). Catch-at-age data &ure 12) showed that the 2001 female catch encompassed a wide range of 
year-classes from 1987 to 1998, but the male catch was made up primarily of the 1992-98 year- 
classes. The modal age was 7-8 (1993 and 1994 year-classes) for females, and 4 (1997 year-class) for 
males. For both males and females, the 1997 year-class was relatively weaker at age 4 in 2001 than it 
had appeared as age 3 in 2000. This differed from the pattern of most previous year-classes, which 
were caught in larger numbers at age 4 than at age 3 @gure 12). The 1994 yearclass was a much 
smaller proportion of the commercial catch in 2001 than in 2000. The 1987 and 1988 year-classes 
(ages 13-14) were still weakly represented in the female catch in 2001, but were not present in the 
males. 

Cook Strait observer samples had a similar overall distribution to the catch sampling data Figure 13). 
Both data sources showed that a higher proportion of large females were present during the peak 
spawning season (July and August) than in  he or September (Figure 14). This is consistent with the 
pattern in mean length seen in previous years (Figure 15). 

Puysegur 

Length frequencies from the Puysegur spawning fishery have been variable in the last few years F~gure 
16). In 2000-01, the length frequencies showed a broad range of lengths between 60 and 90 cm, with 
another clear mode at 33-40 cm. These small fish were probably 1+ year olds (2000 yearclass). A 
similar length frequency distribution was observed previously in 1992-93. 

2.2.2 Size and age composition in non-spawning fisheries 

Chatham Rise 

Sampling by HMC observers augmented the data available from the SOP in 20CG-01, contributing 71% 
of the length frequency data on the Chatham Rise. Spatial and temporal coverage of the two fisheries by 
observers in both programmes was gwd in 2000-01, although there was some evidence of 
misrepresentative sampling in the SOP. For example, one vessel accounted for only 1% of all the 
tows that caught hoki in the 2000-01 fishing year, but contributed 14% of all the observed tows. 
Length ffequencies from HMC and SOP observers showed similar patterns, so data from the two 
sources were combined. 

The tree-based regression split the combined data from the ChathamRise fishery in 2000-01 into five 
strata based on bottom depth and date (Table 6). Mean length of hoki on the Chatham Rise increased 
with increasing depth, and fish in the intermediate depth range (5 10-639 m) were slightly larger on 
average earlier in the season (Table 6). The stratification explained 47% of variation in mean length. 



Most hoki caught on the Chatham Rise in 2000-01 were between 55 and 90 cm, with a mode at about 
65 cm (Figure 17). The mean size of hob in the Chatham Rise fishery was larger in 2000-01 than in 
1998-99 and 1999-2000 and there were almost no fish smaller than 50 cm caught in 2000-01 (Figure 
17). This may indicate poor recruitment in recent years, andlor reflect attempts by fishers to actively 
avoid catching small hoki. 

The time periods used to calculate length frequencies used in O W  are given in Table 7. OLF 
estimated the propottion at age and sex on the Chatham Rise (Figure 18) for all the for which 
data were available. However, the estimates for the 1992-93, 199445, and 1996-97 fishing years 
were not used as stock assessment inputs due to a small number of tows sampled andlor inadequate 
temporal coverage during the year. 

The Chatham Rise catch in 2OW-01 was dominated numerically by hold from the 1996-98 yearcIasses 
at ages 2-4 (Figure 18). Fish from the 1993 and 1994 yearclasses also conhiiuted significantly to the 
catch, particularly of females, in 2000-01. Iu previous years, OLF estimates indicated the 1987, 1988, 
1991, 1992, 1994, 1997, and 1998 yearclasses were relatively strong, making up a high proportion of 
the Chatham Rise catch when they were young. The 1989, 1990, and 1995 cohorts were weak on the 
Chatham Rise. The OLF model found significant cohort effects for the 1997 and 1998 cohorts, 
indicating slightly faster growth for these cohorts in the eastern stock (Hicks et al. 2002). 

Sub-Antarctic 

As for the Chatham Rise, length frequency data from HMC and SOP observers were combined in 
200041. About half (54%) of the data in 200041 came from HMC observers. A high proportion of 
SOP samples came from southem latitudes relative to the total number of tows. However, tows in the 
south were under-sampled by HMC observers, so overall the coverage by latitude was representative 
of the fishery. The combined data were split into seven skata by date, latitude, longitude, and bottom 
depth (Table 8). Mean length of hoki was higher in the south and east, and tended to increase through 
the season and with increasing depth (Table 8). The stratification explained 49% of the variance in 
mean length. 

The length frequency distributions for male and female hoki caught in the Sub-Antarctic fishery in 
2000-01 were broad, with a modal length of about 90 cm for females and 80 cm for males ( F i p  
19). Length frequencies of hoki in the Sub-Antarctic in 200041 were v q  similar to those in 1999- 
2000. No year-classes stood out in the length frequency distributions. This is quite different from the 
1998-99 length frequencies which showed distinct peaks representing younger year-classes. Few hoki 
less than 60 cm were caught in the SubAntarctic in 200041. 

The time periods used to calculate length frequencies from the Sub-Antarctic used in OLF are given 
in Table 9. As for the Chatham Rise, there were several years with few tows sampled andlor 
inadequate temporal coverage during the year. Catch-at-age estimates from the 1994-95, 1996-97, 
and 1997-98 fishing years were excluded from the assessment. 

OLF results indicated that most of the Sub-Antarctic catch in 2000-01 was made up of fish from age 
6 (1994 yearclass) and older, with some contribution from 3 and 4 year-olds from the 1996 and 1997 
year-classes (Figure 20). There was a very small proportion of age 5 fish (the 1995 cohort) in the 
200041 catch (Figure 20). This apparent absence of the 1995 year-class in the Sub-Antarctic, as well 
as on the Chatham Rise (see Figure 18), may be an artefact of the OLF model. It appears that OLF 
had difficulty estirniting the proportion at age and sex for 5 and 6 year-old fish. Examples of this are 



seen in the 1993-94 fishing year where the 1988 cohoa suddenly becomes stronger than the 1987 
cohort, and in the 1998-99 and 2000-01 fishing years where a small proportion of age 5 fish are 
estimated compared to previous estimates of the same cohort (Figure 20). We do not believe that this 
will have a major influence on our conclusions about relative yearclass strength because other 
(otolith-based) data are available on the proportions of age 5 and 6 year-old fish from the spawning 
fisheries and trawl surveys. 

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 diicult to identify individual length modes above age 5. It 
was recommended by the Hoki Working Group that the proportions for the older ages be pooled into a 
younger plus group, and a plus group of age 6+ was used in the assessment for both the Sub-Antarctic 
and the Chatham Rise ( A ~ a l a  et al. 2002) 

The OLF model indicated the 1991 cohort of the western stock was relatively slow growing, while 
the 1996 and 1997 cohorts grew faster than average (Hicks et al. 2002). 

East coast North Island 

Only 14 samples from the east coast North Island were collected and these represented a very small 
amount of the catch. The length frequency disbibution (Figure 21) showed a broad range of sizes. 
including some large females greater than 100 cm, but most fish were 50-70 cm. 

2.2.3 Comparison of size and age composition between main areas 

Figure 21 shows a comparison of length distributions from all areas in 200041. 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 and 1998 year-classes, while larger 
fish (particularly females) from the 1991-94 year-classes were more apparent in the Cook Strait 
spawning fishery. In the western areas, length frequencies from the Sub-Antarctic and WCSI fisheries 
showed a similar pattern, with a broad unimodal distribution and a relatively low proportion of small 
fish. Some very small hoki (30-40 cm) were caught in the Puysegur fishery, but were not taken in 
other areas. 

Hoki from the 1997 and 1998 year-classes should start to appear in increasing proportions in the 
spawning areasand in the Sub-Antarctic in the next two years as they mature and move away from 
the Chatham Rise. 

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 mealiig 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. HOKI RESEARCH 

3.1 Resource surveys 

3.1 .I Trawl surveys 

Chatham Rise 

The eleventh trawl survey of the ChathamRise was successfully completed from 28 December 2001 
to 26 January 2002, with 110 stations used for biomass estimation (Livingston 2002). Chatham Rise 
trawl surveys have been carried out annually since January 1992, and were reviewed by Livingston et 
al. (2002a). 

The results of the 2002 survey show that the total biomass of hoki and of recruited hoki (3+ years and 
older) increased from 2001, resulting in a levelling off of the downward trend in hoki biomass since 
1996 (Table 10). The increases in biomass were due to the higher number of 1+ hoki, and the 
inclusion of the moderately strong 1998 yearclass into the 3++ index. The 2+ index (1999 year- 
class) was the lowest in the time series, but the 1+ index (2000 year class) was above average pable 
10). The abundance of the 2000 yesclass was similar to that of the 1994 and 1997 year-classes as 1+ 
fish. However, the abundance of the 1994 year-class as 2+ hoki was at least twice that of the 1997 
yearclass, so although the 2000 yearclass appears relatively strong, the results are indicative, not 
definitive, and should be treated with caution. 

The length frequencies in 2 0 2  show a mode at 42 cm of the 1+ hoki (male and female) and another 
mode at 65-66 cm of the older fish @gure 22). The numbers of hoki at age (from otolith readings) 
are shown in Figure 23. Figure 23 does not show the strong 1987 and 1988 year-classes as 1+ or 2+ 
fish because the survey time series had not begun, but it is clear that the relatively strong 1991 and 
1994 year classes were not 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) exploitation of 
young fish on the Chatham Rise in more recent years contributed to the rapid decline in numbers at 
age of the 1991 and 1994 year-classes. 

Sub-Antarctic 

The fifth survey in the Tangaroa summer trawl time series was canied out from 19 November to 18 
December 2001 (O'Driscoll & Bagley 2002). Previous surveys in the summer series were in November- 
December 1991, 1992, 1993, and 2000. An autumn series has also been canied out in the same area in 



May-June 1992,1993,1996, and 1998 (see O'DriscoU & Bagley 2001 for review of previous surveys). 
A total of 106 stations was sampled in 2001. 

The abundance estimate of hoki in core 300-800 m strata from the 2001 survey was 38 145 t, with a 
C.V. of 16% (Table 11). This biomass estimate was the lowest in the summer time series, declining by 
30% from the previous survey in 2000. Estimated biomass in 2001 was only 40-5096 of that observed 
in summer trawl surveys in the early 1990s, and 43-55% of the biomass in the most recent autumn 
surveys (Table 11). 

Hoki length frequencies in 2001 showed a main mode centred on 80 cm for males and about 85 cm 
for females (Figure 24). These were fish from the strong 1991-94 year classes, seen in 2001 as 7-10 
year olds pigure 25). The numbers of fish in this main 70-100 cm mode had decreased from 2000, 
consistent with the decline in biomass. However, smaller, younger hoki were slightly more abundant 
than in 2000, with modes centred at 40 cm and 62 cm corresponding to the 2000 and 1998 year- 
classes (Figures 24-25). ' 

3.1.2 Acoustic surveys 

Eleven snapshots of the Cook Strait spawning grounds were completed by Tangaroa and Koharoa 
from 17 July to 28 August 2001 (O'DriscoU2002b). Hoki biomass increased fromlate July to a peak 
froin 10-11 August, and then declined towards the end of August (Table 12). A total of 37 trawls was 
carried out during the survey for mark identification, to collect biological samples, and for target 
strength (TS) experiments. 

A relative index of hoki biomass for 2001 was calculated using the approach recommended by 
O'Driscoll(2002a). The revised methodology differed from the previous standard methodology (e.g., 
Cordue & BaIlara 2001) by: 

1. using the updated TS-length relationship of Macaulay (2001) instead of the relationship of 
Coombs & Cordue (1995); 

2. using the length frequency distribution of the commercial catch in Cook Strait from the year of 
the survey to calculate the ratio of mean weight to mean backscattering cross section instead of 
the length frequency distribution from 1987 research trawls; 

3. using a revised length-weight regression to determine mean hoki weight; 
4. increasing the area of Stratum 5A from 65 ku? to 90 &. 

Acoustic abundance indices from al l  previous Cook Strait acoustic surveys were recalculated by 
0'Drisc011(2002a). 

The biomass estimate from the 2001 Cook Strait survey was 155 000 t (Table 13). This represented a 
12% decline from the previous survey in 1999 and continued a general downward trend in the time 
series from the peak in 1994 (Table 13). Model weightings for each Cook Strait acoustic survey 
(expressed as coefficients of variation or c.v.s) were calculated by O'Driscoll(2002a) using a Monte 
Carlo simulation method which combines uncertainties associated with different aspects of the 
acoustic estimation method. The 2001 Cook Strait survey had a relatively high weighting (low c.v.) 
because it comprised a large number of snapshots spread throughout the spawning season (Table 13). 

No new acoustic surveys were carried out on the WCSI in 2001, but previous surveys were reviewed by 
O'Driscoll (2002a) as part of the 2002 hoki stock assessment. Revised acoustic indices and c.v.s for 
WCSI acoustic surveys are given in Table 14. The revisions had little effect on the relative abundance 
indices, but there were major changes to relative model weightings (c.v.s) from those used in previous 
assessments (O'DriscoU 2002a). 



4. CONCLUSIONS 

The total reported hoki catch in 2003-01 was 230 000 t, continuing a decline in catches since 1997-98. 
Catches in 2009-01 were lower than those in 1999-2000 in all major spawning (WCSI and Cook Strait) 
and non-spawning (ChathamRise and Sub-Antarctic) fisheries. 

Length frequencies and catch-at-age results from the commercial fishery show that most of the catch in 
2000-01 was from the 1991-98 yearclasses, but there were strong regional differences. Hold from the 
1997 year-class were an important part of the ChathamRise and Cook Strait catch, but were not caught 
in large numbers on the WCSI or SubAntarctic. Catches in the western areas were still dominated by 
fish from the strong 1991-94 yearclasses. The 1995 and 1996 year-classes were present in all areas but 
were relatively weak. Hoki from the 1998 year-class appeared in the catch on the Chatham Rise, and 
some very small (30-40 cm) hoki, probably from the 2000 yeatclass were taken at Puysegur. The 
strong 1987 and 1988 year-classes have now almost disappeared fromthe fishery. 

Trawl survey biomass estimates of total and recruited ( 3 ~ )  hoki on the Chatham Rise in January 2002 
were higher than estimates in 1999 and UXX), due to more 1+ fish (2000 year-class) and growth of the 
moderately strong 1998 year-class into the 31-t index. The estimated biomass of the 2000 yearclass in 
2002 on the Chatham Rise was similar to the 1994 and 1997 year-classes at age 1+, but it is still too 
early to draw conclusions about the relative strength of this year-class. The 1999 year-class at age 2+ 
was very weak on the Chatham Rise in the January 2002 survey, consistent with their very low 
abundance at age 1+ in 2001. 

The estimate of eastern spawning hoki biomass in Cook Strait from the acoustic survey in 2001 was 
12% lower than the previous acoustic estimate from 1999. 

Western hoki biomass, estimated during the SubAntarctic trawl survey in November-December 2001, 
had dec1ined.b~ 30% from 2000 andwas the lowest in the summer trawl time-series. Most fish in the 
Sub-Antarctic area were fromthe 1991-94 year-classes. 
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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 
tishing year (1 October to 30 September). Source, FSU data 

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

Domestic Chattered Total 

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

+ Soviet hoki catches are taken from the estimated catch records and differ from official MAF statistics. 
Estimated catches are used because of the large amount of bold 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 2000-01. 

Reposted Estimated 
Year catch catch TACC 

* Discrepancies between QMS data and actual catches from 1986 to 1990 arose from incorrect surimi conversion 
factors. The estimated catch in those years has been corrected from conversion factors measured each year by 
scientific observers on the WCSI fishery. Since 1990 the current conversion factor of 5.8 has been used, and the 
total catch reported to the QMS is considered to be more representative of the hue level of catch. 

Table 3: Estimated total catch (t) of hold by area*, 1988-89 to 2000-01. 

Sub- Cookchatham Rise Total 
Fishing year WCSI Antarctic Puysegur Smit (and ECSI) ECNI Null# catch 

'Estimated catches by area fmmTCEPR and CELR adjusted pro rata to the total reported (QMS) catches in 
Table 2. 

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



Table 4: Relative CPUE indices (and 95% confidence intervals) for the four major hoki fisheries (from Dunn 
2002). Vessel subsets selected for inclusion in stock assessment runs were dressed core vessels from the 
WCSI, all core vessels from Cook Strait, and fflet core vessels from the Cbatham Rise and Sub-Antarctic 
fisheries. 

Year* 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2 m  
2001 

WCSI 
1.00 (4 
1.17 (1.05-1.30) 
1.43 (1.29-1.58) 
0.94 (0.84-1.04) 
0.91 (0.82-1.01) 
0.76 (0.68-0.84) 
0.80 (0.72-0.88) 
0.91 (0.82-1.01) 
1.13 (1.01-1.25) 
1.19 (1.07-1.32) 
1.42 (1.27-1.58) 
0.91 (0.81-1.02) 

Cook Stmit 
1.00 (-1 
0.74 (0.66484) 
1.68 (1.48-1.91) 
1.08 (0.95-1.22) 
1.15 (1.02-1.30) 
1.17 (1.04-1.31) 
1.07 (0.95-1.20) 
0.94 (0.84-1.05) 
1.00 (0.89-1.13) 
0.92 (0.82-1.04) 
1.09 (0.96-1.22) 
0.94 (0.83-1.07) 

Chatham Rise 
1.00 (-1 
0.86 (0.7&0.96) 
0.98 (0.88-1.09) 
0.97 (0.87-1.09) 
0.73 (0.65-0.81) 
0.77 (0.69-0.86) 
0.86 (0.77-0.95) 
0.77 (0.6W.86) 
0.76 (0.68-0.84) 
0.87 (0.78-0.97) 
0.73 (0.65-0.81) 
0.68 (0.61-0.76) 

'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 hold fishery 
(tows targeting hold) from 1993-94 to 200041. The WCSI and Cook Strait data cover the 
spawning season only. 

Catch in t (% of hold catch) 
Hold Hake Ling Silver warehou Spiny dogfish 

WCSI 

Cook 
Strait 

hysegur 

Sub- 
Antarctic 

Chatham 
Rise 

217 (0.7) 
840 (3.3) 

1 407 (7.9) 
628 (4.4) 
1081 (5.7) 
1 027 (5.9) 
1081 (5.8) 

245 (2.1) 

- 
- 
- 
- 

2 (0.3) 
3 (0.7) 

4 (1.8) 

3 (0.4) 

226 (1 1.6) 
24 (2.7) 
32 (3.0) 
lo (1.4) 
127 (6.6) 
134 (2.8) 
213 (3.9) 
33 (1.5) 

161 (3.3) 
36 (1.7) 
136 (2.5) 
112 (6.4) 
212 (2.4) 
loo (1.2) 
64 (1.7) 
44 (1.6) 

-, less than 0.1 (except for Cook Stnit 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 200@-01 based on the tree regression of all data (Hold 
Management Company and Scientific Observer Programme observers combined). 

Splitting variable 
Stratum Bottom depth Date Mean len,& (cm) No. of tows 
1 <510m - 67.5 822 
2 510-639 m 1 Oct-17 Jan 72.8 47 1 
3 510-639 m 18 Jaw30 Sep 70.0 478 



Table 7: T i e  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 &h were sexed. The date is the 
median date of the time period and some weeks were excluded due to periods of no sampling. 

Year T i e  period 
1 2 3 4 5 6 7 8 9 

1991 Date 9 Dec lOFeb 20 Apr 3 Jul ' 5 Sep 
-92 #weeks 8 10 10 11 i 

# tows 5 1 38 74 14 8 

1992 Date 28 Oct 23 Du: 21 Apr 7 Jul 16 Sep 
-93 #weeks 8 8 12 10 4 

#tows 5 43 16 11 14 

1993 Date 28 Oct 16Dw 20Jan 21 Feb 18 Apr 9 Jun 
-94 #weeks 8 6 4 5 7 8 

#tows 66 57 39 31 35 55 

1994 Date 11 Oct 25Nov 14Feb 9May 7 Jul ' 9 Sep 
-95 #weeks 3 10 13 11 6 6 

#tows 6 ' 13 30 70 22 16 

1995 Date 14 Oct 30Dec 1 May 22 Jun 15 Sep 
-96 #weeks 4 12 7 8 4 

#tows 49 56 70 57 66 

1996 Date 14 Oct 2May 13 Jun 28 Jul 
-97 #w& 4 5 7 6 

#tows 68 48 41 12 

1997 Date 28 Oct 9Dec 6 Jan 3 Feb 7 Mar 14 Apr 13 Jun 9 Sep 
-98 #weeks 8 4 4 4 5 6 11 6 

#tows 30 79 60 43 78 274 133 16 

1998 Date 28 Oct 9Dec 6Jan 3 Feb 3 Mar 7 Apr 19 May 4 Jul 
-99 #weeks 8 4 4 4 4 6 6 7 

#tows 98 53 91 72 23 45 112 44 

1999 Date 21 Oct 6Jan 2Dec 3 Feb 2Mar 30Mar 4May 19 Jun 19 Sep 
-00 #weeks . 6 6 4 4 4 4 6 7 .  3 

#tows 202 443 135 147 183 161 199 142 56 

2000 Date 21 Oct 2Dec 6 Jan 3 Feb 3 Mar 31 Mar 5 May 27 Jun 16 Sep 
-01 #weeks 6 6 4 4 4 4 6 9 4 

#tows 338 388 260 241 232 237 152 152 73 



Table 8: Strata for the Sub-Antarctic fishery in 2000-01 based on the tree regression of all data (Hoki 
Management Company and Scientific Observer Programme observers combined). , 

Stratum 
1 
2 
3 
4 
5 
6 
7 

Date 
1 Oct-18 Mar 
1 Oct-18 Mar 
1 Oct-18 Mar 

19 Mar-16 Sun 
19 Mar-16 Sun 
19 Mar-16 Jun 
17 Sun-30 Sep 

Latitude 
>48'20'S 
> 48' 20' S 
c 48" 20' S 

- 

Splitting variable 
Longitude Bottom depth 

c 168" 11' E - 
> 168' 11' E - 

Mean length (cm) 
80.1 
85.6 
74.5 
80.4 
84.9 
88.3 
89.6 

No. of tows 
134 
70 

114 
88 

158 
82 

189 



Table 9: T i e  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 fsh were sexed. The date $ the 
median date of the time period and some weeks were excluded due to periods of no sampling. 

Year T i e  period 
1 2 3 4 5 6 7 

25 Oct 24 Jan 
7 11 

96 19 

6 Apr 1 5  Jun 
10 10 
30 79 

25 Aug 
10 
43 

02 Sep 
8 

49 

1991-92 Date 
#weeks 
#tows 

1992-93 Date 
#weeks 
#tows 

18 Oct 20Dec 
5 13 

62 16 

28 Feb 18 Apr 
7 7 

26 38 

1993-94 Date 
#weeks 
#tows 

8Nov 7 Mar 
11 23 
64 30 

16 Sep 
4 
6 

1994-95 Date 
#weeks 
#tows 

10 Jan 28 Feb 
7 7 

35 30 

25 Apr 
9 

14 

199.5-96 Date 
#weeks 
#tows 

15 May 19Sep 
9 3 

57 15 

1996-97 Date 
# weeks 
#tows 

16 Sep 
4 

18 

1997-98 Date 
#weeks 
#tows 

22 Nov lOFeb 
15 8 
36 40 

1998-99 Date 
#weeks 
#tows 

14 Oct 21 Feb 
4 9 

14 86 

14 Apr 2 Jun 
6 .  8 

93 87 

16 Sep 
4 

1999-00 Date 
#weeks 
#tows 

15 lun 19 Sep 
8 3 

259 20 

2000-01 Date 
#we& 
#tows 

25 Oct 9Dec 
7 6 

108 38 

18 Apr 9 Jun 12 Sep 
7 8 5 

143 220 147 



Table 10: Relative biomass estimates of hoki on the Chatham Rise from Tangaroa trawl sweys,  January 
1992-2002. cv. is the coefficient of variation (in parentheses). 

1+ hoki 
'000 t c.v 

2.8 (28) 
32.9 (33) 
14.6 (20) 
6.6 (13) 

27.6 (24) 
3.2 (40) 
4.5 (33) 

25.6 (30) 
14.4 (32) 
0.4 (75) 

22.4 (26) 

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

1989 1.2 (18) 
1990 2.6 (25) 
1991 44.7 (18) 
1992 44.9 (11) 
1993 15.0 (13) 
1994 62.7 (12) 
1995 6.9 (18) 
1996 16.5 (19) 
1997 28.2 (21) 
1998 24.2 (18) 
1999 1.2 (21) 

3+c hoki 
'000 t c.v 
116.1 (8) 
150.1 (9) 
86.2 (9) 
69.0 (9) 

106.6 (10) 
92.1 (8) 
75.6 (11) 
67.0 (10) 
29.1 (9) 
35.7 (9) 
50.7 (12) 

Total hoki 
'000 t c.v 
120.2 (10) 
185.6 (10) 
145.6 (10) 
120.4 (8) 
152.8 (10) 
158.0 (8) 
86.7 (11) 

109.1 (12) 
71.7 (12) 
60.3 (10) 
74.1 (1 1) 

Table 11: Relative biomass estimates of hoki in core 300-800 m strata from Sub-Antarctic Tangaroa trawl 
surveys. cv. k the coefficient of variation (in pmtheses). 

Survey 
Summer series 
1991 
1992 
1993 
2000 
2001 

Autumn series 
1992 
1993 
1996 
1998 

Total hoki 
'000 t C.V. 

80.3 (7) 
87.4 (6) 
99.7 (9) 
55.7 (13) 
38.1 (16) 



Table 12: Acoustic biomass estimates by snapshot and stratum for the 2001 Cook Strait survey (modif~ed 
from O'DriscoU (2002b) using protocol of O ' D h U  (2002a)). cv. is the coefficient of variation Cm 
parentheses). Stratum names: 1, Narrows Basin; 2, Cook Strait Canyon; 3, Nicholson Canyon; 5A, Cook 
Strait Canyon extension; 5B, deepwater outside Nicholson and Wairarapa Canyons; 6, Terawhiti Si. 

Snapshot Date 1 
1 
2 .  
3 
4 
5 
6 
7 
8 
9 
10 
11 

Average 

17 Jul-18 Jul 
19 Jd-24 J d  
25 Jul-26 Jul 
29 Jd-30 Jul 
4 Augd Aug 
6 Aug-7 Aug 
10 Aug-11 Aug 
12 Aug-13 Aug 
20 Aug-22 Aug 
22 Aug-23 Aug 
26 Aug-27 Aug 

Stratum biomass ('OM) t) Total Snapshot 
3 5A 5B 6 ('m t) C.V. 

25 67 24 4 154 

Table 13: Recalculated acoustic abundance indices and coefficients of variation (cv.) for Cook Strait 
acoustic m e y s  (from O'DriscoU 2002a). 

Year 
1991 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2001 

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

Table 14: Recalculated acoustic abundance indices and coefficients of variation (cv.) for west coast South 
Island acoustic surveys (from O'DriFcoU 2002a). 

Year 
1988 
1989 
1990 
1991 
1992 
1993 
1997 
2000 

Biomass ('000 t) 
417 
249 
255 
340 
345 
550 
654 
396 

C.V. 

(60) 
(38) 
(40) 
(73) 
(49) 
(38) 
(60) 
(60) 
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Figure 2: Estimated total catch (t) of hoki by area, 1988-89 (89) to 2000-01 (01). ''Eastem'' areas indude 
Chatham Rise, Cook Strait, and east coast North Island (ECNI). 'Western" areas include west coast 
South Island (WCSI), Sub-Antarctic, and Puysegur. 
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Figure 3: Monthly distribution of hoki catch by area in the 2000-01 fshing year. 



Figure 5a: Positions of all commercial trawls where hoki was the reported target species in the 2000-01 
fshing year. Commercially sensitive positions have been removed 



Figure 5b: Positions of all trawls where hoki were measured by observers from the W i s h  Scientific 
Observer Programme (SOP) in the 2000-01 fisbing year. Commercially sensitive positions have been 
removed. 
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Figure 6a: Length frequency of female hoki in commercial catches from the west coast South Island 
spawning fishery from 1989 to 2001 sampled at sea by the Scientitic Observer Programme. n is the 
number of tows sampled, no. is the number of !XI sampled. Numbers above the histograms mark 
estimated year-class modes, e.g., 91 = 1991 year-class. 
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Figure 6b: Length frequency of male hoki in commercial catches from the west coast South Island 
spawning fshery from 1989 to 2001 sampled a t  sea by the Scientific Observer Programme. n is the 
number of tows sampled, no. is the number of 6.41 sampled. Numbers above the histognuns mark year- 
class modes, e.g., 91 = 1991 year-dm. 
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Figure 7a: Catch at age of female hoki in commercial catches from the west coast South Island spawning 
fshery from 1988 to 2001 sampled at sea by the Scientifk Observer Programme. n is the number of fish 
aged. White bars show 1987 and 1988 year-classes and black bars show 1991-94 year-classes. 
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Figure 7b: Catch at age of male hoki in commercial catches from the west coast South Island spawning 
f~hery from 1988 to 2001 sampled at sea by the Scientific Observer Programme. n is the number of fish 
aged. White bars show 1987 and 1988 year-classes and black bars show 1991-94 year-classes. 
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Figure 8: Length frequency of male and female hoki taken in commercial catches from the west coast 
South Zsland spawning f~hery in 2001 and sampled at sea by the Scientific Observer Programme, by date. 
n is the number of tows sampled. 
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Figure 8 cont: Length frepuency of male and female hold taken in commercial catches from the west 
coast South Island spawning fshery in 2001 and sampled at sea by the Scientific ObSe~er  Programme, 
by date. n is the number of tows sampled. 



Figure 9: Mean len@h of female (dashes) and male (squares) hoki taken in commercial catches from the 
west coast South Island spawning frshery 1986-95 sampled at sea by the Scientific Observer Programme. 
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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 fshery 1996-2001 sampled at sea by the Scientific Observer 
Programme. 
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Figure 10: Comparison of length frequencies of hoki in commercial catches from inside the 25 n, mile line 
sampled by NIWA and Sealord, and for the rest of the west coast South Island spawning fihery sampled 
a t  sea by the Scientific Observer Programme in July 2001. n is the number of tows sampled, no. is the 
number of f i b  sampled. 
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Figure 10 cont: Comparison of length frequencies of hoki in commercial catches from inside the 25 n. mile 
line sampled by NIWA and Sealord, and for the rest of the west cosst South Island spawning fshery 
sampled at sea by the Scientific Observer Programme in August 2001. n is the number of tows sampled, 
no. is the number of f sh  sampled. 



Figure l l a :  Length frequency of female hoki in commercial catches from the Cook Strait spawning 
fishery from 1991 to 2001 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, e.g., 91 = 1991 year-class. 
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Figure llb: Length frequency of male hold in commercial catches from the Cook Strait s p a d g  fishery 
from 1991 to 2001 sampled in sheds by the Stock Monitoring Programme. n is the number of landings 
sampled, no. is the number of f s h  sampled. Numbers above the histograms mark gear-class modes, e.g., 
91 = 1991 year-class. 



Figure 12a: Catch at age of female hold in commercial catches from the Cook Strait spawning fishery 
from 1988 to 2001 sampled in sheds by the Stock Monitoring Programme. n is the number of tish aged. 
White bars show 1987 and 1988 year-classes and black bars show 1991-94 year-classes. 
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F i e  12b: Catch at age of male boki in commercial catches from the Cook Strait spawning fishery from 
1988 to 2001 sampled in sheds by the Stock Monitoring Programme. n is the number of fish aged. White 
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 Programme (observer), and the  Stock Monitoring 
Programme (market) length frequencies of hoki taken in commercial catches from Cook Strait during the 
2001 spawning season. n is the number of tows or landings sampled. 



Males 
Jun " - 3  

Females 

Total Length (cm) 

Figure 14: Monthly length frequencies of hoki taken in commercial catches from the Cook Strait %hew 
from June to September 2001 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) hoki taken in commercial catches from the 
Cook Strait spawning fshery 1989-2001 from landings sampled by the Stock Monitoring Programme. 
Lines are a loess fit 
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Figure 16a: Length frequency of female hold in commercial catches from the hysegur spawning fshery 
from 1988-89 to 2000-01 sampled at sea by the Scientific Observer Programme. n is the n u d e r  of tows 
sampled, no. is the number of f s h  sampled.- 
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Figure 16b: Length frequency of male hok i  in commercial catches from the Puysegur spawning fishery 
from 1988-89 to 2000-01 sampled at sea by the Scientific ObSe~er Programme. n is the number of tows 
sampled, no. is the number of fish sampled. 
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F i r e  178: Length frequency of female hoki taken in commercial catches from the Chatham Rise fisbery 
from 1990-91 to 2 0 0 0 1  sampled by the Scientific Observer Programme (1990-91 to 2000-01) and 
combined with Hoki Management Company data (2000-01). n is the number of tows sampled, no is the 
number of fish sampled. 
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Figure 17b: Length frequency of male hoki taken in commercial catches from the Chatham Rise fshery 
from 1990-91 to 2000-01 sampled by the SdentiEc Observer Programme (1990-91 to 2000-01) and 
combined with Hoki Management Company data (2000-01). n is the number of tows sampled, no is the 
number of fsh sampled. 
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F i e  18: Proportions of hold at age and sex in the commercial catch from the Chatham Rise estimated 
by OLF. White bars show 1987 and 1988 year-classes and black bars show 1991-94 year-classes. 
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Figure 19a: Length frequency of female hoki taken incommercial catches from the Sub-Antarctic ichery 
from 1990-91 to 200061 sampled by the Scientific Observer Programme (1990-91 to 2000-01) and 
combined with Hoki Management Company data (200061). n is the number of tows sampled, no is the 
number of furh sampled. 
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Figure 19b: Length frequency of &e hoki taken in commercial catches from the Sub-Antarctic tishery 
from 1990-91 to 2000-01 sampled by the Scientific Observer Programme (1990-91 to 2000-01) and 
combined with Hoki Management Company data (2000-01). n is the number of tows sampled, no is the 
number of &h sampled. 
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Figure 20: Proportions of hold at age and sex in the commercial catch from the Sub-Antarctic estimated 
by OLF. White bars show 1987 and 1988 year-classes and black bars show 1991-94 year-classes. 
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Figure 21a: Length frequency of female hoki taken in commercial catches from different areas during the 
2000-01 f u b g  year. Sub-Antarctic and Chatham Rise sampled by Scientific Observer Programme and 
Hoki 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 fuh sampled. 
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Figure 21b: Length frequency of male hold taken in commercial catches from different areas during the 
2000-01 fishing year. Sub-Antarctic and Chatham Rise sampled by Scientific Observer Programme and 
Hoki 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 fmh sampled. 
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Figure 22a: Scaled length freqnenq for female hoki from Chatham Rise Tangaroa trawl sweys.  
Population numbers of female fmh (n) are presented along with coefficients of variation (cv) and the 
number of fish measured (no.). 
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Figure 22b: Scaled length frequency for male hold from Chatham Rise Tangaroa trawl surveys. 
Population numbers of male tish (n) are presented along with coefficients of variation (cv) and the 
number of fish measured (no.). 
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Figure 23a: Scaled age frequency for female hold from Chatham Rise Tangaron trawl surveys 1992-2002. 
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Figure 23b: Scaled age frequency for male hob from Chatham Rise Tangaroa trawl surveys 1992-2002. 
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Figure 24a: Scaled length frequency for female hold from all Sub-Antarctic Tangaroa trawl surveys. 
Population numbers for core strata are presented as white bars and for all strata as grey bars. Numbers 
(fvalues) above are for all strata and below (in bold) for core strata with cv.s in parentheses. 
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Figure 24b: S d e d  length frequency for male hold from all Sub-Antarctic Tangaroa trawl surveys. 
Population numbers for core strata are presented as white bars and for aU strata as grey bars. Numbers 
(m values) above are for all strata and below (in bold) for core strata with cv.s in parentheses. 



F i r e  25s: Scaled age frequency for female hoki from all Sub-Antarctic Tangaroa trawl surveys for the 
core 300-800 m survey area. Number of fsh  aged (f values) are given with c v s  in parentheses. The cv.s 
from 2000 and 2001 were calculated incorporating otolith ring measurements by bootstrapping and are 
not directly comparable with earlier years. 



f 
I - l 5  NovernberlDecember 1993 
0 10 m = 294 (11%) 

i 5 

P 0 . -- 

:z 4 NovemberlDecember 2000 

15 NovemberIDecember 2001 
10 m = 350 (29%) 

5 
0 7 

0 2 4 6 8 10 12 14 16 18 20 

Age 

Figure 25b: Scaled age frequency for male hoki from all Sub-Antarctic Tangnroa trawl surveys for the 
core 300-800 m survey area. Number of fish aged (m values) are given with rv.s in parentheses. The c.v.s 
from 2000 and 2001 were calculated incorporating otolith ring measurements by bootstrapping and are 
not directly comparable with earlier years. 


