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EXECUTIVE SUMMARY 

O'Driscoll, RL.; Phillips, NL; Ballara, S.L.; Livingston, M.E.; Ayers, D. (2004). Catches, size, 
and age strnctore of the 2002-03 hoki fishery, and a summary of input data used for the 2004 
stock assessment. 

New Zedand Fisheries Assessment Report ZOO4/43.75 p. 

This report summarises the catch by area and the length and age structure of hoki caught 
commercially during the 2002-03 fishing year. Length frequency and catch-at-age data £tom spawning 
and nonspawning fisheries are compared with those from previous years. Biomass indices from 
research m y s  and results from other research on hoki in the last year are also briefly described. Data 
in this report were incorporated in the hob stock assessment in 2004. 

The total reported hoki catch in 2002-03 was 185 000 t, 15 000 t below the TACC and a drop of 
11 000 t from 2001-02. There were major declines in catches hm western areas. The catch taken fbm 
the west coast South Island (WCSS) spawning fishery in 2002-03 was 74 000 t, 17 000 t less than in 
2001-02 despite a similar level of fishing effort Hoki catch from the Sub-Antarctic also declined, from 
31 000 t in 2001-02 to 21 000 tin 2002-03. Catches in eastem spawning fisheries in Cook Sirait and on 
the ECSI increased h m  25 000 t in 2001-02 to 41 000 t in 2002-03. About 54% of the total catch in 
2002-03 taken from western areas, compared to 65% in 2001-02. 

Recent recruitment into the western stock area has been poor and catches from the WCSI and Subs'. 
Antarctic in 2002-03 were dominated by females fiom the strong 1991-94 year-classes. A higher 
proportian of young fish hm the 1995-2000 year-classes was caught in the eastern fisheries in 2002- 
03, with a mode at age 6 (1997 year-class) in the Chatham Rise and Cook Strait catch. The 2000 year- 
class was present in catches from all areas, particularly in the eastem fisheries. 

There was a major decline in the hoki bibmass estimated during the 2203 Sub-Antarrctic trawl survey 
estimated biomass in 2003 was less than 20% of the biomass observed in trawl surveys in the early 
1990s, and only 36-37% of the biomass observed in surveys in 2001 and 2002. The estimate of 
spawning hoki biomass in Cook Strait from the acoustic stwey in 2003 was 31% lower than the 
previous acoustic estimate from 2002 and similar to the index from 2001. The trawl survey biomass 
estimate of 3+ hoki on the Chatham Rise increased in January 2004 with the inclusion of the 2000 
year-class in the 3i+ group, but the total biomass in 2004 was similar to 2003 and the equal lowest in 
the time series. The 2001 year-class at age 2+ appeared weak on the Chatham Rise in the January 2004 
survey and the 2002 year-class was average at age l+. 



1. INTRODUCTION 

This report provides data relevant to the 2004 hoki stock assessment. Catch statistics and data fium 
commercial samplmg d n h g  the 2002-03 fishing year are presented, and results fium other research 
programmes since March 2003 are summarked These include the results of trawl surveys of the Sub- 
Antarctic in November-December 2003 and Chatham Rise in January 2004; acoustic surveys of Cook 
Stmit in July-August 2003, the east coast South Island (ECSI) in July-September 2003, and Hokitika 
Canyon in August 2003; and estimates of catch-at-age fium otoliths for the Chatham Rise and Sub- 
Antarctic non-spawning fisheries in the previous year (2001-02). 

Details of model skmcture, results, and yield estimates fiom the hoki stock assessment carried out in 
2004 will be published separately. 

This is the final reporting requirement for Objectives 1-3 of MFish project HOK2002104 and 
Objective 1 of W i s h  Project MID2003102. 

1.1 Stock structure 

The hoki catch is cmently 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, "eastem" and "western" (Annala (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 Puysegur 
Bank, Snraes Shelf, and Campbell Plateau, are assumed to be one stock Imit, the "western stock". The 
east coast of the South Island, Mernw Bank, Chatham Rise, Cook Straif and the east coast of the North 
Island up to North Cape are assumed to c&tain the "eastern stoclZ'. Immature hoki (2-4 years) fium 
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 (Hom & Sullivan 1996, Livingston & 
Schofield 1996) have found consistent differences between adult hoki fiom the two main dispersed 
areas (Chatham Rise and Southern Plateau), and fiom 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 chemistiy of otoliths fiom the WCSI and Cook Strait stocks is similar (Kalish et al. 1996), 
and no genetic differences were detected between spawning stocks (Smith et al. 1981, 1996). 

Two pilot studies appeared to provide support for the hypothesis of spawning stock fidelity for the 
Cook Skait 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 zones, 
between samples of 3 year-old hoki &om 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 meannumber 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). 

1.2 Description of the hoki fishery 

Historically, the main fishery for hob 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 ftom late June, and linther north later in the season. Fishing in these areas 
continues into September in some years. Jn 1988 another fishery developed on large spawning 
aggregations of hoki in Cook Strait. The spawning season in Cook Strait also nms h m  late June to mid 
September, peaking in July and August. Small catches of spawning hoki are taken h m  other grounds 
off the ECSI, and late in the season at Puysegur Bank. There are also anecdotal reports of spawning hob 
being caught near the Snares Islands, Chatham Islands, and several other locations off the east coast 
Noah Island (ECNI). e 

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- 
roundin depths of 30M00 m. Other out-of-season catches are taken h m  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 s t i l l  taken during the 
spawning season, the hoki fishery now operates throughout the year, producing high quality fillets h m  
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. 
Twin-trawl rigs were introduced in about 2000 and their use is increasing, particularly in the non- 
spawning fisheries, but also on the WCSI outside the 25 n. mile line. 

. . 

1.3 Catch history 

The total annual catches of hoki within the EEZ from 1969 to 200142 are given in Tables 1 and 2. 
The hoki fishery was developed by Japanese and Soviet vessels in the early 1970s Qable 1). Catches 
increased to 100 000 t m 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 inbduced (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). Reported annual 
catches ranged between 174 000 and 215 000 t from 1988-89 to 1995-96, inrreasing to 246 000 t in 
1996-97, and peaking at 269 000 t in 1997-98, when the TACC was overcaught by 19 000 t. Catches 
have since declined, and the TACC was reduced &om 250 000 t to 200 000 t in the 2001-02 fishing year 
and finther to 180 000 t in 2003-04. 

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, increased again to between 
91 000 and 107 000 t from 1996-97 until 2001-02, then dropped to 74 000 t in  2002-03 (Table 3). In 
Cook Stnit, catches increased from 1988-89 to 1995-96, declined to a low of 22 000 t in 2001-02, 
and increased again to 34 000 t in 2002-03. Non-spawning catches on the Chatham Rise increased 
from 1993-94, peaked at over 70 000 t in 1997-98 and 1998-99, then decreased to 43 000 t in the 
two most recent years. Catches from the Sub-Antarctic were 23 000-25 000 t from 1996-97 to 1998- 
99, increased to 30 000 t or more from 1999-2000 to 2001-02, and then declined to 21 000 t in  2002- 
03. 

There was a redistribution in catch from eastern stock areas (Chatham Rise with no account taken of 
eastern and western stock split, ECSI, ECNI, and Cook Strait) to western stock areas (WCSI, 
Puysegur, and Sub-Antarctic) h m  1999-2000 to 200142. This was initially due to industry 
initiatives to reduce the catch of small fish in the Mernoo Bank area, but from 1 October 2001 was 
part of an informal agreement with the Minister of Fisheries that 65% of the catch should be taken 
from the western fisheries to reduce pressure on the eastern stock. Exactly 65% of the catch in 2001- 



02 was taken fiom western areas. This agreement was removed following the 2003 hoki assessment 
in 2002-03, which indicated that the eastern hoki stock was less depleted than the western stock 
(Annala et al. 2003), and effort was shifted back into eastern areas, particularly Cook Strait, to reduce 
catches from the western stock. About 54% of the catch was taken fiom western areas in 2002-03 
(Figure 2). 

1.4 Receht 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 ova  a decade. 

A new stock assessment was carried out in 2003 (Francis 2004) using the Bayesian model developed 
in 2002 (Francis et al. 2003) and implemented in the general-purpose stock-assessment program 
CASAL pull et al. 2002). A series of preliminary analyses was carried out to investigate the effect of 
various model assumptions about process error for age data, ageing error, age of the plus group, and 
the timing of the annual cycle on the assessment results (Francis 2004). The Hoki Working Group 
agreed on three final model runs which differed in the amount of weight that was placed on the trawl 
and acoustic biomass indices (Annala et al. 2003). All three nms showed that the western stock was 
at its lowest point ever (2535% Bo). The size and status of the eastern stock were less well 
determined, but it was estimated to be less depleted than the western stock, at about 50% Bo (Francis 
2004). However, there were still concerns about the sensitivity of the assessment to model 
assumptions. In 2004, the model was further developed and more exploratory nms were carried out to 
improve mderstanding of model hction. Priors on natural mortality and the proportion of the virgin 
hoki biomass in the eastern stock were also re-evaluated (Smith 2004). A description of the model 
and 2004 assessment results will be published separately. 

New fisheiies-independent ,information in 2004 included the results from the Cook Strait acoustic 
survey in winter 2003 (O'Driscoll & McMillan 2004), an industry acoustic survey of spawning hoki 
off the ECSI and in Hokitika Canyon in wintq 2003 (O'Driscoll et al. 2004b), and trawl surveys of 
the Sub-Lintarctic in November-December 2003 (O'Driscoll & Bagley 2004) and Chatham Rise in 
January 2004 (Livingston & Stevens 2004). Results h m  resource surveys are summarised in Section 
3.1. As part of the 2003 acoustic survey of Hokitika Canyon, O'Driscoll et al. (2004b) carried out a 
repeated transect experiment that showed that hoki schools exhiiited strong diurnal patterns of 
bebaviour, being concentrated close to the bottom on the southern side of the b e r  canyon during the 
day, and moving into midwater and spreading across to the north at night. 

Francis & O'Driscoll (2004) proposed a design for a 2004 WCSI hoki survey combining trawl and 
acoustic data. Simulations indicated there would be a gain in information by switching from the 
current method of producing one acoustic abundance index for the whole WCSI to a new method 
where three relative biomass estimates are produced - a northern acoustic index, a southern acoustic 
index, and a northern trawl index. Estimates based on the best available information suggested that 
the gain from making this change would be equivalent to reducing a simple survey C.V. from 0.3 1 to 
0.21. As part of this proposal, O'Dxiscoll et al. (2004a) reanalysed trawl and acoustic data from the 
2000 WCSI survey. The 2004 WCSI hob survey has since been cancelled. 

O'Driscoll(2004) updated the Monte Carlo methodology used to estimate survey weighlings for Cook 
Strait hoki acoustic surveys by includmg uncertainty associated with acoustic detectability, and revising 
the lognormal parameters used to estimate unceaainty associated with mark identification to include 
more recent trawl data. Weightings for all Cook Strait surveys were recalculated but were similar to 
those used in the 2003 assessment (O'Driswll 2002). 



Doonan et al. (2003) reviewed the absorption of sound in seawater, focusing on the fkquencies used in 
fisheries acoustics, and published a new formula based on a statistical reanalysis of existing data. This 
new formula was used to estimate sound absorption values for Cook Strait and the ECSI fiom 
temperature and salinity profiles collected in 2001-03. This gave values of 9.01 dB imi' for Cook Strait 
and 9.27 dB M' for the ECSL Biomass estimates for all Cook Skait (O'Driscoll& McMillan 2004) 
and ECSI (O'Driscoll et al. 2004b) surveys were recalculated using these new values. Biomass estimates 
h m  the WCSI surveys were not updated and still use a sound absorption of 8.0 dB laxi' based on the 
formula of Fisher & ~immom (1977). . 

Work on acoustic target strength of hoki is continuing. Data were collected during the 2003 Cook Strait 
survey to determine the orientation (tilt angle) of individual fish. This information will be used to help 
resolve differences between m situ and swimbladder model estimates of hoki TS (e.g., Macaulay et al. 
2002). 

Work is also 'continuing on the links between climate and hoki fisheries. Previous studies (Livingston 
2000, Bull & Livingston 2001) found a stmng negative association between yearclass strength and the 
Southem Oscillation Index (SOI). In 2003, it was discovered that the predictive power of the climate 
model of Bull & Livingston (2001) was much lower when new estimates of yearclass strength were 
included. It is likely that the predictive variables had been honed too closely to match existing data 
and had left out some other hidden source of variation. Livingston & Renwick (2003) found that by 
simply moving back one step ftom a seasonal predictor to an annual predictor, carrelation between 
hoki recruitment and annual sea sllrface temperahues (SSTs) jumped back up to 60% suggesting that 
hoki recruitment success is still highest wh&SSTs are lowest. Recently there have been small 
increases in SSTs around the South Island and Tasman Sea. If warmer conditions are less favourable 
for hold then there is unlikely to have been strong recruitment over the past few years. 

2. HOW FISHERY, 2002-03 

2.1 Catch and effort information 

2.1.1 Total Allowable Commercial Catch (TACC) and other management controls 

In the 2002-03 fishing year the TACC for HOK 1 was 200 000 t. This applied to all areas of the EEZ, 
except the Kermadec Fishery Management Area which had a TACC of 10 t. 

Chartered vessels may not k h  inside the 12 n. mile Territorial Sea and there are various vessel size 
restrictions mund parts of the coast On the WCSI, a 25 n. mile line closes much of the hoki spawning 
area in the Hokitika Canyon and most of the area south to the Cook Canyon to vessels longer than 46 m 
overall. In Cook Straif the entire spawning area is closed to vessels over 46 m overall length. An 
industry code of practice in place since 2001 places additional restrictions on fishing in depths shallower 
than 450 m on the ChathamRise. 

2.1.2 Catch 

In 2002-03 the total rep& hoki catch reported on the Monthly Harvest Returns (MEIR) was 
185 000 t (see Table 2). The total estimated catch *om catch-effort-and-landing-return (CELR) and 
trawl-catcheffort-and-processing-return ('ICEPR) data was 177 000 t. As the data extraction was done 
in mid December 2003, a small amount of data may still not have been entered into the database. 
Estimated catches were therefore scaled up to the MHR total catch of 185 000 t 



The major decline in 2002-03 was in catches from western areas (see Figure 2). Although the WCSI is 
still the largest hold fishery, the catch taken fiom this area in 2002-03 was the lowest since 1995-96 
(see Table 3). The 2002-03 WCSI catch of 74 000 t was 17 000 t less than in 2001-02 despite a similar 
level of fishing effort. Effort in the Sub-Antarctic decreased by about 30% in 2002-03, and this resulted 
in a reduction in catch h m  3 1 000 t in 2001-02 to 21 000 t in 2002-03. Catches fiom Puysegur have 
remained stable at about 5000 t for the last three years (see Table 3). 

The combined catch from the eastern spawning fisheries in Cook Strait and on the ECSI increased by 
64% in 2002-03, following the removal of the catch splitting agreement (see Section 1.3). The 2002-03 
catch of 34 000 t fiom Cook Strait was similar to the catch taken in 2000-01 and 12 000 t higher than in 
2001-02 (see Table 3). The catch fiom ECSI spawning fisheries (mainly Pegasus Canyon) more than 
doubled, h m  3000 t in 2001-02 to 7000 t in 2002-03. The ChathamRise is still the second largest hoki 
fishery in the New Zealand EEZ, with a catch fiom this area of 43 000 t in 2002-03. 

i Hoki were caught h u g h o u t  the year on the Chatham Rise, with a drop in catches during the spawning 
season in July to September (Figure 3). Most of the Sub-Antarctic catch was also taken during the non- 
spawning period. Vessels concentrated on the WCSI and Cook Strait spawning grounds from June to 
September, with peak catches in July and August (Fi'igure 3). In Cwk Strait, small amounts of hoki were 
also caught outside the spawning season. Fishing at Puysegur and on the ECSI was mainly in August 
and September, when hoki are known to be spawning in these areas. Small catches were taken year- 
round f?om the ECNI. The monthly distributions of hoki catches from WCSI, Cook Strait, Chatham 
Rise, and Sub-Antarctic in 2002-03 were similar to those in previous years (Figure 4). 

I 

2.1.3 CPUE analysis 

Table 4 provides a summary of unstandardised catch and effort from TCEPR data for the four major 
hoki fisheries (WCSI, Cook Strait, Sub-Antarctic, and Chatham Rise); it does not include data from 
C E L R ~ O ~ ,  which account for up to a third of the catch in cook Strait and some catch from the 
WCSL 

Unstandardised catch rates on the WCSI in 2003 were the lowest since 1997, with a median catch for all 
vessels of 8.1 t per tow (Table 4a). Catchmtes were higher in Cwk Strait, with a median catch of 13.9 t 
per tow, which was similar to previous years (Table 4b). There has been a general decline in catch rates 
and an increase in tow duration on the Chatham Rise since 1998-99. T6e median catch of 0.5 t per hour 
in 2002-03 was the lowest recorded (Table 4c). Median tow duration also increased in the Sub- 
Antarctic in 2002-03 and the median catch of 0.5 t per hour was the lowest since 1995-96 (Table 4 4 .  
Catch rates in the Chatham Rise, Sub-Antarctic, and WCSI fisheries have decreased despite the 
increased use of twin-rig a w l s  (see Section 1.2), which have a far greater catching power than a single 
trawl. 

Standardised CPUE indices were not updated for the 2004 hoki assessment. An analysis of CPUE 
including data up to the 2002-03 fishing year is to be carried out in June 2004. 

2.1.4 Bycatch 

Estimates of bycatch in the hoki fishery were determined from data collected by Ministry of Fisheries 
observers on vessels targeting hoki. The bycatch rate ( d e w  as the pmentage 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 bycatchrates for these are usually less than 1%. 

Bycatch rates were generally similar to previous years (Table 5). The major change was an increase in 



the bycatch of ling recorded by observers in the non-spawning fisheries, with bycatch rates of 18.0% in 
the Sub-Antarctic and 6.6% on the Chatham Rise in 2002-03 (Table 5). Hake continues to be an 
i rnpoht  bycatch species in the WCSI fishery, making up about 5.2% of the observed hoki catch in 
2002-03 (Table 5). Note that some of the apparent changes in bycatch mtes may have been related to 
changes in observer coverage between years (e.g., Livingston et al. 2002), so the data in Table 5 should 
be treated with caution. 

2.2 Sue and age composition of commercial catches 

The main hoki fisheries in 200243 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 hquencies in 
2002-03 were available from the Ministry's Observer Programme (OP), the industry observer 
programme funded by the Hoki Management Company (RhfC), and shed sampling of landed fish by 
NIWA. Data h the HMC in 2002-03 were not used in the 2004 assessnent because these were not 
available to be loaded onto theNIWA database by January 2004. 

Figure 5a shows the positions of all tows by the commercial fleet (excluding commercially sensitive 
positions which make up about 3.8% of tows) for which hoki was the reparted target species in 2002- 
03, and Figure 5b shows the position of all tows sampled for hold length fi-equency distriiutions by the 
OP. Hoki were measured by OP observers in 1128 tows, of which 550 came from the WCSI, 33 from 
Cook Strait, 266 from the Chatham Rise, 208 from the Sub-Antarctic, 34 from the ECSI, 29 &om 
Puysegtn, and 8 from the ECNL Observer Programme coverage was not representative of the whole 
hoki fishery in 2002-03 (Figure 5b). Very few OP simples were collected on the eastern Chatham Rise, 
on the southem Sub-Antarctic, or on the Challenger Plateau Shed samples from 50 landings of hold 
from Cook Strait and 25 landiqp h m  the WCSI inside the 25 n. mile line were collected by NlWA in 
200243 under Minisfay of Fisheries Project HOFZOO2IO4. 

Length fiquencies were estimated for each of the major fisheries as the weighted (by the catch or 
landing weight) average of individual length samples. Length fkquency data fiom each area were post- 
stratified Data h the WCSI were stratified by area (inside or outside 25 n. miles) and time. Data 
fiom outside the line were split into weekly time p e r i d  throughout the season, although adjacent 
weeks were combined if t hm were fewer than 10 OP length samples available. Data h inside the 
line were stratified fortnightly. Length ii-equemies from Cook Strait were stratified by month, island of 
landing, and vessel size. In non-spawning fisheries, kee-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 Bmdford (2000). The regression tree model minimised the weighted sum of 
squares in mean lengths and was grown and pnmed using methods described by Breiman et al. 
(1984). This involved growing the tree by choosing splits thatgave the largest improvement sum of 
squares and in which only strata with 30 or more tows can be split. The resulting tree was then 
pnmed to the smallest sized tree such that finther 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.agel 
software developed by NIWA (Bull & Ehmn 2002). This software scales the length frequency of fish 
from 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 h m  the Wish  Observer Ptognumne and from shed samples collected 
by NIWA A total of 2515 hoki otoliths was collected from Cook Strait, and 3163 h m  the WCSI 
during the spawning fisheries in June-September 2003. Subsamples of 790 otoliths from Cook Strait 
and 776 otoliths fiom the WCSI were selected, prepared, and read using the vaIidated technique of Horn 
& Sullivan (1996) as moddied by Cordue et al. (2000). Each subsample 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 iystematically selecting additional otoliths to ensure the tails of the length distribution w& 
represented The chosen sample sizes approximated those necessary to produce mean weighted c.v.s of 
less than 20% amss all age classes, in each of the spawning areas. 

Age-length keys were cousimcted for each spawning fishery and applied to the total length ffequency to 
produce an age frequency for the catch for each sex separately. A single age-length key was applied on 
the. WCSI with no distinction made between fish sampled inside the 25 n. mile line by NIWA shed 
samples and outside the line by OP observers. A preliminary analysis of otolith data h m  2001-03 
suggested that the mean length at age was greater for hoki taken inside the line, but the difference m the 
fitted growth curves was not statistically significant (Kimura likelihood test. p = 0.063 for females ape 
2-17, and p = 0.463 for males age 2-14, when all years combined). Catchat-age estimates were 
determined using the 'catch.at.age' software (Bull & Durm 2002). This software also incorporates data 
from otolith ring mea~u~ements using the consistency scoring method of Francis (2001) in the age- 
l a &  key. 

Catch-at-age in both the Chatham Rise and Sub-Antarctic fisheries in 200142 and 2002-03 was 
estimated by sampling directly for age. This continued the approach used since 1998-99 for the 
Chatham Rise (Francis 2002) and since 200041 for the Sub-Antarctic (Ballara et al. 2003). 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. Francis (2002) suggested that even a sample size of 1200 otoliths may not be 
suflicient to achieve a target C.V. of 0.20 in some years. Therefore, all hoki otoliths collected by OP 
observers on the Chatham Rise and Sub-Antarctic in 2001-02 and 200243 were aged. Available 
sample sizes were: Chatham Rise, 1229 otolitbs m 200142,959 in 2002-03; Sub-Antarctic, 1099 in 
200142,733 in 200243. 

The method to estimate catch-atage followed that of Francis (2002). First, the regression tree method 
@himan et al. 1984) was used to stratify the two fishing areas by minimising the weightedleast squares 
of the mean lengths (as a proxy for age) of fish in the observed tows. Second, the estimated age 
ftequencies 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 stratum. Finally, the number of fish caught in each stratum was estimated from the TCEPR 
data, and catchat-age fiequencies were calculated as the weighted average, over the strata, of the 
estimated age frequencies by sex. Numbers of 6sh were estimated ftom catch weights using the length- 
weight relationship of Francis (2003). 

Because catch-at-age estimates fiom otoliths were available forthe Chatham Rise and Sub-Antarctic 
fisheries in 200243 before the 2004 assessmenf the optimised length frequency (OW) analysis was not 
updated. OLF is still used in the hoki stock assessment to provide estimates of catch-at-age before 1999- 
2000 in the Sub-Antarctic and up to 1997-98 on the Chatham Rise, and was described in detail by Hicks 
et id. (2002). 



2.2.1 Size and age composition in spawning fisheries 

West coast South Island 

The 2003 catch from the WCSI fishery was mainly fish over 70 cm, with modal lengths of 91 crn for 
females and 87 cm for males (Figure 6). Hoki from the strong 1991-94 year-classes were still an 
important part of the WCSI catch, with the female mode at age 9 (1994 year-class) (Figure 7). ,There 
was also a mode of smaller fish from 56 to 68 cm (Figure 6), corresponding to the 2000 year-class at 
age 3 (Figure 7). The sex ratio of the WCSI catch was skewed, with 2.6 times more females than 
males caught in the 2003 fishery This continues the trend towards an increasing female bias observed 
since 2000. 

There were differences in the size of hoki sampled &om inside and outside the 25 n. mile line (Figure 
8), with larger fish caught inside the line. A much higher proportion of hoki under 70 cm (2000 year- 
class) was caught outside the line, and the modal lengths for both males and females were also 
smaller outside. These size differences were maintained throughout the spawning season (Figure 8b). 
The sex ratio of the catch was also more even for hoki sampled inside the l i e ,  with a female to male 
ratio of 1.7:l inside and 2.8:1 outside. 

There was no major change in hoki length frequencies over the 2003 spawning season, either inside 
or outside the 25 n. mile line (Figure 9). From 1986 to 1997, the mean length of fish per tow declined 
over the spawning season, but since 1998 there has been no consistent pattern in mean length (Figure 
10). The mean length in 2003 decreased slightly for females and was flat formales (Figure 10). 

Cook Strait 

Most. hoki caught in Cook Strait in 2003 were between 55 and. 110 cm (Figure 11). Although the 
overrill length range was similar to that on the WCSI, the average size was smaller in Cook Strait, 
with length modes of 85 cm for females and 74 cm for males (Figure 11). There were a much higher 
proportion of younger fish from the 1995-2000 yearclasses in the Cook Strait catch compared to the 
WCSI fishery (Figure 12). The. modal age for females was 6 (1997 year-class) and the 2000 year- 
class was represented strdngly in the catch, particularly for males (Figure 12). More females than 
males were caught, but the sex bias was not as extreme as on the WCSI, with a ratio of females to 
males of 1.2:l in 2003. Length frequencies from Observer Programme data in Cook S h i t  were very 
similar to those from the shed sampling programme (Figure 13). 

The proportion of small (55-65 cm) fish f?om the 2000 year-class in the catch was higher in August 
and September than in June and July for both males and females (Figure 14). This is consistent with 
the hypothesis that younger fish tend to spawn later and led to a decline in mean length during the 
2003 season (Figure 15). 

I Puysegur 

Length frequencies from the Puysegur spawning fishery showed a broad range of lengths between 70 
and 105 cm in 2003 (Figure 16). The 2000 year-class whichwas observed age 1 (3240 cm) inthe 2001 
fishery and at age 2 (42-57 cm) in 2002 was not strongly represented at age 3 m 2003. 



East coast South Island 

The observed catch fiom Pegasus Canyon was dominated by 55-65 cm fish from the 2000 year-class 
(Figure 17). This size range was not as strongly represented in length fiequency samples collected 
fiom commercial tows carried out during the ECSI acoustic survey in 2003 (O'Driscoll et al. 2004b). 
O'Driscoll et al. (2004b) suggested that there may be spatial separation of hoki in Pegasus Canyon by 
size and sex, with smaller males forming bottom-referenced marks right at the head of the canyon, and 
larger females occ-g in the midwater schools further out. 

I 2.2.2 Size and age composition in non-spawning fisheries 

I Chatham Rise 

Most hoki caught on the Chatham Rise in 2002-03 were between 50 and 90 cm (Figure 18). The 
length distribution was bimodal with a mode at about 57 cm corresponding to fish from the 2000 
year-class, and an adult mode centred on about 75 cm for females and 70 cm for males (Figure 18). 
The ratio of females to males was 1.9:1, which was a stronger female bias than observed in recent 
years. However, this may be a sampling artefact, due to the relatively small number of tows observed 
by the OP in 2002-03. 

The stratification used to estimate catch-at-age h m  otoliths for the Chatham Rise in the 2001-02 and 
2002-03 fishing years is given in Table 6. In 2001-02, the tree-based regression split the OP data from 
the Chatham Rise fishery into fow strata based on bottom depth and date (Table 6a). In 2002-03, 
there were five strata based on bottom depth and ldngitude (Table 6b). As in previous years, mean 
length of hoki on the Chatham Rise increased with increasing depth, fish were generally larger on 
average earlier in the season, and fish caught on the westemRise were slightly larger than fish caught 
in the east. 

Otolith-based estimates indicated that the 2001-02 catch was dominated by the 1996-98 year-classes, 
with the 1997 year-class appearing most strongly (Figure 19). The 2000 year-class was also relatively 
important in the catch, even though these fish were only age 1+ in 2001-02. A similar age 
composition was observed in 2002-03, with the 1996-98 and 2000 year-classes fea-g strongly in 
catches of both males and females (Figure 19). In both years, almost all old fish (pre-1992 year-class) 
were females (Figure 19). 

The length &quency distributions for male and female hoki caught in the Sub-Antarctic fishery in 
2001-02 were broad, with a modal length of about 92 cm for females and 86 cm for males (Figure 
20). There was no obvious length mode corresponding to the 2000 year-class. As in the WCSI spawning 
fishery, there has been a strong female bias in the Sub-htarctic catch in the last few years, although the 
ratio of females to males of 1.9:l in 2002-03 was less extreme than the ratio of 2.6:l observed in 2003 
on the WCSL 

Catch-at-age estimates for the Sub-Antarctic for the 2001-02 and 2002-03 fishing years obtained 
fiom the ageing of otoliths are shown in Figure 21. These estimates were calculated using the 
stratification given m Table 7. In both years the catch of females was dominated by the 1992-94 
year-classes (Figure 21). The age composition of the male catch was broader, with males fiom the 
1996-98 year-classes contributing to the Sub-Antarctic fishery in 2001-02 and 2002-03. The 2000 
year-class was more strongly represented in the catch at age I+ in 2001-02 than at age 2+ in 2002- 
03. 



East coast North Island 

Only eight samples from the east coast North Island were collected representing a very small proportion 
of the catch. The length frequency dishbution showed a broad range of sizes between 50 and 100 cm 
(Figure 22). 

2.2.3 Comparison of size and age composition between main areas 

Figure 22 compares length distributions from all areas in 2002-03. For the eastern areas, the fisheries 
on the Chatham Rise and the ECSI caught smaller fish on average than the Cook Strait fishery. More 
large old fish (particularly females) from the 1991-94 year-classes were caught in the Cook Strait 
spawning fishery and the proportion of the 20.00 year-class in the Cook Strait catch was lower than on 
the ChathamRise and ECSL 

Fisheries in western areas caught larger fish than those in eastern areas. In both the Sub-Antarctic and 
WCSI fisheries, hoki from the strong 1991-94 year-classes still contribute much of the catch of 
females. The 2000 year-class was an important part of the WCSI catch (especially males) in 2003, but 
did not feature so strongly in catches from the Sub-Antarctic or Puysegur (Figure 22). 

2.3 Noncommercial fishery 

2.3.1 Recreational fisheries 

~ec rea t i i a l  fishing for hoki is negligi%le. 

2.3.2 Maori customary fisheries 

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

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 lish (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. HOKl RESEARCH 

3.1 Resource surveys 

3.1 .I Trawl surveys 

Chatham Rise 

A trawl survey of the Chatham Rise was completed between 28 December 2003 and 22 ~anu& 2004, 
with 110 stations used for biomass estimation (Livingston & Stevens 2004). Chatham Rise trawl 
surveys from Tangaroa have been carried out annually since January 1992. 

The total biomass of all hoki in the 2004 survey was similar to that in 2003 and the equal lowest in 
the time series (Table 8). The biomass estimate for recruited hoki (3+ years and older) increased from 
20 400 t in 2003 to 32 800 t in 2004 with the inclusion of the above average 2000 year-class in this 
plus group. Biomass estimates from the Chatham Rise survey suggest that the 2001 year-class was 
weak at age 2+ and the 2002 year-class was average at age 1+ (Table 8). 

Hoki length frequencies from the 2004 Chatham Rise survey show modes at 42 and 62-65 cm (Figure 
23), representing 1+ and 3+ hoki respectively, with only a few older fish (Figure 24). Numbers of fish 
aged 7 years and older have been declining since 1997. There has been an increasing trend in mean 
length of hoki at age over the 1982-1997 yearclasses (Livingston & Stevens 2004), and fish from the 
2002'year-class were again relatively large at age 1+ in 2004 (see Figure 23). The sex ratio of the 
sampled population was almost even, with 1.2 females to every male. 

The' seventh survey in the Tangaroa summer trawl time series was carried out £tom 11 November to 
11 December 2003 (O'Driscoll & Bagley 2004). Previous surveys in the summer series were in 
November-December 1991,1992,1993,2000,2001, and 2002. An autumn series has also been carried 
out in the same area in May-June 1992, 1993, 1996, and 1998. A total of 81 successikl stations was 
completed in 2003. 

The abundance estimate of hoki in core 300-800 m skata from the 2003 survey was 14 300 t (Table 
9). This was only 36-37% of the estimates fromthe two previous summer surveys in 2001 and 2002 and 
was by far the lowest observed in either the Summer or autunm Sub-Antarctic trawl time-series. 
Estimated hoki biomass in 2003 was less than 20% of the hoki biomass observed in trawl surveys of the 
Southland and Sub-Antarctic areas in the early 1990s (Table 9). Gear performance was similar to that in 
other surveys in the time series and there was no evidence for a decrease in bawl catchability in 2003 
that would bias kawl survey results (O'Driscoll & Bagley 2004). 

Hoki length frequencies in 2003 (Figure 25) showed an adult mode centred on about 87 cm for males 
and about 91 cm for females. Ageing shows that these are mostly fish from the skong year classes in 
1991-94 seen in 2003 as 9-12 year olds (Figure 26). There were few hoki from the 2000 year-class 
caught in 2003 (Figure 26). Although this year-class was relatively abundant on the Southern Plateau 
at age 2 in 2002, the numbers at age 3 were very much lower than for the skong 1992 and 1994 year 
classes in autumn 1996 and 1998 respectively (Figure 26). Relatively high numbers of small (less 
than 43 cm) 1+ hoki from the 2002 year-class were caught during the survey, but these came from 
only one stratum at Puysegur. Although these' small hoki were the most abundant year-class by 
number in the 2003 survey (Figure 26) they contributed little to the biomass. 



The overall sex ratio of hoki caught in the Sub-Antarctic survey in 2003 was more even than in recent 
years due to the large numbers of 1+ fish. However, the sex ratio of fish age 3 and older was still 
skewed, with 2.4 females to every male. This female bias was similar to the sex ratio observed in the 
commercial catch from the WCSI (2.6:l). 

3.2 Acoustic surveys 

Cook Strait 

Nine snapshots of the Cook Strait spawning grounds were carried out on Kaharoa from 17 July to 
28 August 2003 (O'Driscoll & McMillan 2004), extending the series of Cook Strait acoustic surveys 
used in stock assessment h m  10 to 11 points (1991, 1993-99,2000-03). Twenty-eight trawls were 
carried out during the survey for mark identification, to collect biological samples, and for target 
strength experiments. 

The relative mdex of hoki abundance for 2003 was calculated using the standard approach 
recommended by O'Driscoll(2002), updated to take account of the new sound absorption formula of 
Doonan et 81. (2003). Hoki abundance was less than 105 000 t during the first three snapshots from 21 
to 27 July, then increased to peaks of over 300 000 t on 8-10 and 17-19 August (Table 10). The 
average of the nine snapshots in 2003 was 183 000 t, a decrease in relative abundance of 31% from 
the 2002 survey and similar to the index from 2001 (Table 11). As in previous surveys, most of the 
hoki backscatter in 2003 was concentrated in Cook Strait Canyon. Hoki schools were also observed 
m Nicholson Canyon, and over the Terawhiti Sill late in August. Few dense hold marks were 
observed in the Narrows Basin in 2003 and the contribution of this stratum to the overall biomass was 
lower than in 2002. About 56% of the hoki biomass in 2003 came from hoki schools. Trawls on hold 
schools typically caught an average of 88% hoki by weight. The remaining hoki biomass came from 
hoki ' f d  marks which were mostly hoki (61% of trawl catch on average), but which also contained 
other species (O'Driscoll & McMillan 2004). . . 

Estimated sampling precision for the 2003 survey was 17%. The model weighting (expressed as a 
coefficient of variation, c.v.), which includes uncertainty associated with survey timing, sampling 
precision, acoustic detectibility, mark identification, calibration, and target strength (O'Driscoll 
2004), was 34%. 

East coast South Island 

Hoki spawning grounds on the ECSI were surveyed opportunistically from a commercial vessel, FV 
Independent I, as it passed through these areas on the way to and &om fishing grounds in Cook Strait 
and on the WCSI (O'Driscoll et al. 2004b). Four snapshots of Pegasus Canyon and one snapshot of 
Conway Trough were completed between 29 July and 12 September 2003, along with 15 commercial 
trawls. Acoustic biomass estimates for the four snapshots of Pegasus Canyon were between 45 000 
and 109 000 f with abundance estimates from the two snapshots in August being about twice as high 
as estimates from July and September. The mean biomass in Pegasus Canyon in 2003 of 79 000 t was 
21% lower than the estimate from September 2002 (100 000 t),but the different timing of these 
surveys makes it difficult to interpret this as a decline in abundance. The mean abundance in Pegasus 
Canyon was o m  40% of the estimate of hoki biomass in Cook Strait during July-August 2003, 
confirming that the ECSI is a significant satellite spawning area for the eastern hoki stock Weak hoki 
marks were also observed in Conway Trough, with ?acoustic abundance estimate of 46 000 t. 



Abundance estimates from the industry-funded acoustic surveys of the ECSI in 2002 an 2003 wek not 
used in the 2004 assessment, but there is an intention to continue s m y i n g  this area to build-up a time- 
series for inclusion in future assessments. 

Hokitika Canyon (West coast South Island) 

Eight snapshots of inner Hokitika Canyon, three snapshots of the outer canyon, and 68 commercial 
trawls were canied out from FV Independent I between 1 and 16 August 2003 (O'DriscoU et al. 
2004b). Dense hoki marks were present in the inner Hokitika Canyon throughout the survey, with an 
estimated mean biomass of 89 000 t. This was similar to the estimated abundance of hoki in inner 
canyon (Stratum 5A) from the previous acoustic survey of the WCSI in 2000. Experimental work 
showed that hoki schools exhibited d i d  behaviour, being concentrated close to the bottom on the 
southern tide of the inner canyon during the day, and moving into midwater and spreadmg across to the 
north at night. Few hoki schools were seen in Hokitika Canyon outside the 25 n. mile line, and the 
vessels in this area reported generally poor fishing. Estiaated hoki biomass in the outer canyon was 
18 000 t which was only 30% of the biomass observed in this stratum in 2000. A small aggregation of 
hoki was located acoustically about 30 n. miles south of Hokitika Canyon from FV Thomas H a e o n .  A 
cursory search of the adjacent area suggested that the marks were not extensive, but it was not possible 
to draw any conclusions about the amount of hoki spawning south of Hokitika Canyon (O'DriscoU et al. 
2004b). 

The main objective of the acoustic survey in Hokitika Canyon in 2003 was to investigate alternative 
survey designs for the WCSI using industry vessels. The survey did not provide a acoustic biomass 
index consistent with the existing WCSI time-series;which could be used in the 2004 assessment. 

4. CONCLUSIONS 

The total reported hoki catch in 2002-03 was 185 000 t, continuing a decline in catches since 1997-98. 
Catches in 2002-03 decreased in western areas (WCSI and Sub-Antarctic), but increased on eastern 
spawning grounds (Cook Strait and ECSI). Fishing effort was shifted back &o eastern areas in 2002-03 
following the removal of the catch split agreement that was in place in 2001-02. 

Length frequencies and catch-at-age results from the c d a l  bhery show that most of the catch in 
2002-03 was from the 1991-2000 year-classes, but there wae regional differences. Recent recruitment 
into the western stock area bas been poor and females from the strong 1991-94 year-classes were still 
the most important component of the catches from the WCSI and Sub-Antarctic in 2002-03. A higher 
propartion of youug fish from the 1995-2000 year-classes was caught in the eastern fisheries in Cook 
Strait and on the Chatham Rise. The 2000 year-class was present in catches from all areas, particularly 
in the eastern fisheries. 

There has been a strong female bias in hoki catches from western stock areas in the last four years. 
Catches of females age 3 and older were 2.6 and 1.9 times geater than catches of males m 2002-03 on 
the WCSI and m the Sub-Antarctic respectively. This bias w& also observed in the Sub-Antarctic trawl 
survey where the ratio of 3+ females to males was 2.41. Shifts 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 a ratio of females to males of 1.21 in both the Cook Strait fishery and the Chatham 
Rise trawl survey. 

The trawl survey biomass estimate of 3+ hoki on the Chatham Rise in January 2004 was 61% higher 
than the estimate in 2003 due to inclusion of the above average 2000 yearclass into this plus group. 



However, there has been a declining trend in the 3-H index fiom the Chatham Rise since 1996. In 
contrast, acoustic estimates of eastern spawning hoki abundance in Cook Strait have been relatively 
flat since the mid 1990s. The abundance estimate fiom the Cook Strait acoustic survey in 2003 was 
31% lower than the previous acoustic estimate in 2002 and similar to the estimate from 2001. 
Western hoki biomass, estimated during the Sub-Antarctic trawl suryey in November-December 2003, 
bad dropped markedly from 2001 and 2002 and was the lowest in the summer or autumn trawl time- 
series. The estimated biomass in 2003 was less than 20% of the biomass observed in Sub-Antarctic 
trawl surveys in the early 1990s 

Estimates of hoki recruitment from the 2004 Chatham Rise survey suggested that the 2001 year-class 
was weak at 2+, and that the 2002 year-class was average 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. 

Year 

1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
197.7 
1978* 
1979 
1980 
1981 
1982 
1983 
1983-84 
1984-85 
1985-86 
198647 
1987-88 

U S S B  Japan South Korea 

9 865 
4 580 
1 178 

2 

137 
93 
35 
499 
6 
10 

New Zealand 
Domestic Chartered Total 

95 
414 
411 

8 936 
8 658 
15 985 
41 110 
66 772 
97 750 
8 581 
24 100 
27 770 
32 802 
32 018 
40 141 
50'407 
43 670 
99 623 
167 271 
230 339 

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

+ Soviet hold catches are taken from the estimated catch records and m e r  fiom official Wish statistics. 
Estimated catches are used because of the large amount of hold converted to meal and not recorded as 
processed Bh 



0 able 2: Reported catch (t) from QMS, estimated catch * (t) from TCEPR and CELR data, and TACC (t) 
for EOK 1 from 1986-1987 to 2002-03. 

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 
177 000 

TACC 

* Discrepancies between QMS data and estimated catches h m  1986 to 1990 arose from incorrect srnimi 
conversion factors. The estimated catch in those years was corrected from conversion factors measured each year 
by Ministry of Fisheries 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. 



Table 3: Estimated total catch (t) of hoki by area*, 1988-89 to 2002-03. Estimated (TCEPR and CELR) 
catches were scaled to reported (QMR or MHR) catch totals. 

~ishing 
Year 
1988-89 
1989-90 
1990-91 
1991-92 
1992-93 
1993-94 
1994-95 
1995-96 
1996-97 
1997-98 
1998-99 
19994 
2000-01 
200142 
200243 

Spawning fisheries 
Cook 

WCSI Puysegur Strait ECSI 
188 000 3 500 7 000 - 
165 000 8000 14 000 - 
154 000 4 000 26 500 1000 
105 000 5 000 25 000 500 
98 000 2000 21 000 - 
113 000 2 000 37 000 - 
80000 1000 40000 - 
73 000 3 000 67 000 1000 
91 000 5 000 61 000 1500 
107000 2000 53000 1000 
96000 3000 46000 500 
103 000 2 500 42000 1000 
103 500 5 500 35 500 2000 
91 000 5 000 22 000 3 000 
74 000 5 000 34 000 7 000 

Non-spawning fisheries 
Sub- Chatham Rise 

Antarctic and ECSI ECNI 
5 000' 5 000 
10 000 13 000 
18 000 11 500 - 
34 000 45 500 
26 000 43000 2000 
12 000 24000 2 000 
13 000 39 000 1000 
12 000 49 000 3 000 
25 000 56500 5 000 
24 000 75000 4000 
23'000 73 500 2 500 
34 000 57000 1500 
30 000 50 500 2 000 
31 000 43000 1000 
21 000 43000 1000 

Null* 
- 

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 
185 000 

* Estimated catchu by area fiomTCEPR and CELR adjusted pro rat. to the total reported (QMS) catches in 
Table 2. 

#Area uudeiiued because of missing positions or statistical'are&. 
-No catches 



Table4a: Unstandardised CPUE by year for all non-zero hold midwater towscarried out by all vessels in the WCSI spawning fishery. Year "2003" refers to the 
200203 Iishing year. 

1990 1991 1992 
Number vessels 69 68 61 
Number of vessels 5 46m 8 5 5 
Total catch ('000 t) 123 799 100 839 80 118 
Number of tows 6786 6738 5 185 
Median tow duration (h) 4.2 4.0 3.6 
Median catch per tow (t) 12.9 11.3 11.8 
Median catch per hour (th) 3.0 2.6 3.4 

Year 
1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 

57 65 60 60 77 66 56 5 1 62 56 51 
6 8 5 8 18 11 13 10 19 16 12 

74486 92659 60447 55707 75066 86967 69662 75399 75633 59237 51353 
5256 7063 6664 5 169 6798 6703 5 268 5 309 5 974 4 698 4307 

3.2 3.0 3.5 3.5 3.8 3.5 3.1 2.8 2.7 2.3 3.0 
11.5 9.7 5.7 7.1 7.9 10.4 10.8 11.8 9.0 9.6 8.1 
3.7 3.2 1.6 2.0 2.0 2.7 3.2 4.2 3.3 4.0 2.4 

Table 4b: Unstandardised CPUE by year for all non-zero hold midwater tows carried out by all vessels in the Cook Strait spawning fishery. Year "2003" refers to 
the 2002-03 fishing year. 

Year 
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 

Number vessels 17' 22 22 20 28 25 36 35 29 21 21 25 15 20 
Total catch (t) 17800 27002 21668 19245 28533 26992  45210 44450 32132 29492 28 181 24001 17210 27390 
Number of tows 1044 2 072 1634 1517 1785 1951 3 040 3 373 2277 1962 1 871 1 806 989 1756 
Median tow duration (h) 1.2 1.5 1.2 1.0 1 .O 0.7 0.5 0.7 0.8 0.7 0.5 0.6. 0.6 0.5 
Median catch per tow (t) 13.8 10.2 9.4 9.2 13.7 10.9 12.8 11.2 13.2 14.8 13.5 11.6 16.2 13.9 
Median catch per hour (th) 12.4 6.4 7.8 8.5 15.1 17.1 23.2 16.6 14.9 18.3 24.9 17.2 28.4 24.1 



Table 4c: Unstandardised CPUE by year for all non-zero hoki bottom tows carried out by all vessels in the Chatharn Rise non-spawning fishery. Year "2003" refers 
to the 200243 fishing year. 

Year 
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 

Number vessels 48 59 71 61 64 70 85 95 84 77 60 60 55 62 
Total catch (t) 19582 22060 48778 43 175 20327 33 216 39973 45 290 58 971 64274 46509 47995 37479 38 628 
Number of tows 3 294 4784 8 131 7 502 5 279 ' 7432 8 878 10 348 12467 12 605 10 737 11 424 9 484 10 899 
Median tow duration (h) 4.0 4.0 4.0 3,9 3.5 3.7 3.6 3.7 4.0 4.0 4.1 4.5 4.4 4.7 
Median catch per tow (t) 2.3 2.5 3.5 3.8 2.4 3.4 3.4 3.4 3.5 4.3 3.1 3.1 3.0 2.6 
Median catch per hour (t/h) 0.7 0.7 0.9 1.1 0.8 1.1 1.0 1 .O 1.0 1.1 0.8 0.8 0.7 0.5 

Table 4d: Unstandardised CPUE by year for all non-zero hoki bottom tows carried out by all vessels In the Sub-Antarctic non-spawning fishery. Year "2003" refers 
to the 2002-03 fishing year. 

Year 
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 

Number vessels 33 40 56 36 45 42 47 59 49 49 43 46 48 44 
Total catch (t) 17335 20092 33716 24775 10404, 13434 11838 20361 25570 21843 32710 27248 30481 20494 
Number of tows 2 560 4401 6 859 5 631 3 157 3 175 3 372 4 527 5 202 4 589 7 121 6 667 8 101 5 560 
Median tow duration (h) 4.0 4.3 4.2 4.0 4.2 ' 4.3 4.2 4.5 4.3 4.5 4.2 4.5 4.4 4.9 
Median catch per tow (t) 4.0 3.2 3.5 3.4 1.8 2.7 2.2 3.3 3.4 3.2 3.1 2.8 2.2 2.5 
Median catch per hour (a) 1.0 0.7 0.9 0.9 0.5 0.7 0.5 0.7 0.9 0.8 0.8 0.7 0.6 0.5 



ÿ able 5: Bycateh rates on vessels with Observer Programme observers in the hoki fishery (tows 
targeting hoki) from 1993-94 to 2002-03. The WCSI and Cook Strait data cover the spawning 
season only. 

WCSI 

Cook 
Smit 

Puysegrnr 

Sub. 
AntFxdic 

Chatham 
Rise 

Hoki 

32 583 
25 721 
17 703 
14 283 
18 825 
17 417 
18 763 
11 809 
16 794 
10 192 

494 

734 

3 452 
4 868 
3 243 
2 376 
2 032 
2 436 

. 945 
226 
719 
455 - 
226 
370 
694 
551 
,678 

1941 
882 

1 081 
717 
1917 
4 784 
5 470 
2 265 
3 908 
2 072 

4 869 
2 156 
5 347 
1 763 
8 981 
8009 
3 881 
2 744 
4 941 
3 295 

Hake 
Catch m t I% of hoki catch) 

Sim warehou S P ~ Y  dogfish 

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



Table 6a: Strata for the Chatham Rise fishery in 2001-02 based on the tree regression of all data (Observer Programme only), with comparison of the TCEPR, 
Obsewer Programme (OP), and otolith data by stratum. The catch for OP is the total catch for the observed tows. 

Splitting variables Mean length Hoki catch (t) No. of tows sampled No. of tish 
Slrntum Date D e ~ t h  (m) (cm) TCEPR OP TCEPR OP Otoliths Measured Aged . ,  
1 17 Dec 01-30 Sep 02 <571 6 f  .98 24 162 ' 1285 5 307 194 176 21 342 552 
2 1 Oct 01-16 Dec 01 <571 72.51 5 933 194 2 101 49 48 3 974 149 
3 - 571-637 76.95 5 034 264 1 198 49 48 4 960 144 
4 2 637 86.14 3 764 278 1 448 83 74 5 987 243 

Table 6b: Strata for the Chatham Rise fishery in 200203 based on the tree regression of all data (Observer Programme only), with comparison of the TCEPR, 
Obsewer Programme (OP), and otolith data by stratum The catch for OP is the total catch for the observed tows. 

Splitting variables Mean length Hoki catch (t) No. of tows sampled No. of fish 
Stratum Loneitude Deoth (m) (cm) TCEPR OP TCEPR OP Otoliths Measured Aged 



Table 7a: Strata for the Sub-Antarctic fishery in 2001-02 based on the tree regression of aU data (Observer Programme only), with comparison of the TCEPR, 
Observer Programme (OP), and otolith data by stratum. The catch for OP is the total catch for the observed tows. 

Splitting variables Mean length Hoki catch (t) No. of tows sampled No. of fish 
Strahun Latitude Longitude Depth (m) (4 TCEPR OP TCEPR OP Otoliths Measured Aged 
1 2 48.9 < 168.3 - 66.37 2 352 79 773 .32 29 ' 1865 105 
2 < 48.9 < 168.3 81.11 11 040 65 3 528 45 40 2 077 134 
3 2 50.3 2 168.3 < 634 78.54 3 900 120 1249 22 19 1 545 61 
4 < 50.3 2 168.3 < 634 86.73 1 190 52 474 54 27 2 041 101 
5 - 2 168.3 - > 634 90.37 12 257 1478 2 588 195 143 17 241 445 

Table 7b: Strata for the Sub-Antarctic fishery in 2002-03 based on the tree regression of all data (Observer Programme only), with comparison of the TCEPR, 
Observer Programme (OP), and otolith data by stratum The catch for OP is the total catch for the observed tows. 

Splitting variables Mean length Hoki catch (t) No. of tows sampled No. of fish 
Stratum Latitude Longitude Date (cm) ' TCEPR OP TCEPR OP Otoliths Measured Aged 
1 > 411.9 - - 74.36 2 655 163 1139 34 27 3 233 110 - 
2 C 48.9 < 167.1 - 82.73 3 184 328 1101 54 52 4 166 175 
3 c 48.9 167.1-168.3 1 Oct02 -31 May 03 85.32 4 351 177 1312 3 1 28 2 848 91 
4 < 48.9 > 168.3 1 Oct 02 - 3 1 May 03 89.98 8 165 46 1 840 33 32 1557 126 
5 < 48.9 - lJunO3-30SepO3 90.17 1571 219 362 59 57 5 699 167 



Table 8: Relative biomass estimates of hoki on the Chatham Rise from TM~IYOQ trawl surveys, January 
1992-2004. C.V. is the coefficient of variation as % (in parentheses). 

I+ hoki 2+ hoki 3* hoki Total hoki 
Year-class '000 t c.v Year-class '000 c.v '000 t c.v '000 t c.v 

Table 9: Relative biomass estimates of hoki in core 300-800 m strata from Sub-Antarctic Tmguroa trawl 
surveys. C.V. is the coefficient of vaxiation as % (in parentheses). 

Slwey - 
Summer series 
1991 
1992 
1993 
2000 
2001 
2002 
2003 

Total hoki 
'000 t C.V. 

80.3 
87.4 

(7) 

99.7 
(6) 

55.7 
(9) 

(13) 
38.1 (16) 
39.9 (14) 
14.3 (13) 

Autumn series 
1992 67.8 (8) 
1993 53.5 (10) 
1996 89.0 (9) 
1998 67.7 (1 1) 



Table 10: Acoustic biomass estimates by snapshot and stratum for the 2003 Cook Strait survey with revised 
sound absorption (modified from O'DriswU & MeMiuan 2004). C.V. is the coefficient of variation as % (in 
parentheses). Stratum names: 1, Narrows Basin; 2, Cook Strait Canyon; 3, Nicholson Canyon; SA, Cook 
Strait Canyon extension; 5B, deepwater outside Nicholson and Wairarapa Canyons; 6, Terawhiti Si. 

Snapshot 
1 

Date 
21-22 Jul 
22 - 24 Jul 
26-27 Jul 
30 Jul- 1 Aug 
3-5Aug 
8-1OAug 
14-15Aug 
17- 19Aug 
24 - 26 Aug 

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

Total 
('000 t) 

105 
83 
90 ' 

179 
194 
302 
130 
351 
217 

Snapshot 
C.V. 

(43) 
(11) 
(17) 
(34) 
(24) 
(32) 
(27) 
(33) 
(15) 

Average 17 87 8 24 40 8 183 (1 1) 

Table 11: Acoustic abundance indices and coefficients of variation (c.v.) as % for Cook Strait surveys 
with revised sound absorption (from O'DriscoU & McMiUan 2004). 

Year 
1991 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2001 
2002 
2003 

Biomass ('000 t) 
151 
485 
485 
344 
164 
244 
139 
199 
179 
258 
183 





Fishing year 

100 - 

Figure 2: Estimated total catch (t) of hold by 'stock' area (upper panel) and fishing area (lower pane0 
from 198849 (89) to 2002-03 (03). %asternn areas inelude Chatham Rise, east coast South Island 
(ECSI), Cook Strait, and east coast North Island (ECNQ. Westernn areas include west coast South 
Island (WCSI), Sub-Antarctic, and Puysegur. 
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Figure 3: Monthly distribution of hold catch by area in the 200203 fishing year. 
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Figwe 4b: Monthly distribution of Cook Strait hoki catch for the 1989-90 to 2002-03 fishing years. 
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Figure 4c: Monthly distribution of ChatharnRise hold catch for the 1989-90 to 2002-03 fishing years. 
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Figure 4d: Monthly distribution of Sub-Antarctic hold catch for the 1989-90 to 200243 fishing years. 



Figure 5a: Positions of all commercial trawls where hoki was the reported target species in the 2002-03 
fishing year. Commercially sensitive positions have been removed. 



Figure 5b: Positions of all trawls where hold were measured by 0bSe~ers  from the M F i h  observer 
Programme in the 2002-03 fishing year. Commercially sensitive positions have been removed. 
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Figure 6a: Length frequency of female hold in commercial catches from the west coast South Island 
spawning fishery from 1989 to 2003 sampled at Sea by the Observer Programme. n is the number of tows 
sampled, no. is the number of fish sampled. In 2003, data are combined with samples of landings from 
inside the 25 n. mile line sampled by NIWA. N is the number of landings sampled. Numbers above the 
histograms mark estimated year-class modes, e.g, 91 = 1991 yearslass. 
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Figure 6b: Length frequency of male hold commercial catches from the west coast South Island 
spawning fishery from 1989 to 2003 sampled at sea by the Observer Programme. n is the number of tows 
sampled, no. is the number of fish sampled. In 2003, data are combined with samples of landings from 
inside the 25 n. mile Line sampled by NIWA N is the number of landings sampled. Numbers above the 
histograms mark year-flass modes, kg., 91 = 1991 yearslass. 
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Figure 7a: Catch at age of female hold in commercial catches from the west coast South Island spawning 
fishery from 1988 to 2003. n is the number of fish aged. Grey bars show 1987 and 1988 year-classes and 
black bars show 1991-94 year-classes. 



Rigme 7b: Catch at age of male hold in commercial catches from the west coast South Island spawning 
fishery from 1988 to 2003. n is the number of fish aged. Grey bars show 1987 and 1988 yearslasses and 
black bars show 1991-94 year-classes. 
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Figure 8a: Comparison of west coast South Island length frequencies of hold in commercial catches from 
inside the 25 n. mile line sampled by NIWA, and for the rest of the west coast South Island spawning 
iishery sampled at sea by the Observer Programme over the whole 2003 season. n is the number of 
landings or tows sampled, no. is the number of iish sampled. 
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Figure 8b: Comparison of west coast South Island length frequencies of hoki in commercial catches from 
inside the 25 n. mile line sampled by NIWA, and for the rest of the west coast South Island spawning 
fishery sampled at sea by the Observer Programme by month. n is the number of landings or tows 
sampled, no. is the number of fish sampled. 
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Figure 9a: Length frequency of male and female hoki taken lo commercial catches from inside the 
25 n. mile line during the west coast South Island spawning fishery in 2003 by fortnight from landings 
sampled by NIWA. n is the number of landings sampled. 
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Figure 9b: Length frequency of male and female hoki taken in commercial catches from outside the 
25 n. mile line during the west coast South Island spawning fishery in 2003 and sampled at sea by the 
Observer Programme, by date. n b the number of tows sampled. 
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Figure 9b cont: Length frequency of male and female hold taken in commercial catches from outside the 
25 n. mile line during the west coast South Island spawning fishery in 2003 and sampled at sea by the 
Observer Programme, by date. n is the number of tows sampled. 
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Figure 10: 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 Observer Programme. Lines are 
a loess fit. 
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Figure 10 font: Mean length of female (dashes) and male (squares) hold taken in commercial catches 
from the west coast South Island spawning fishery 19964003 sampled at sea by the Observer 
Programme. Lines are a loess fit. 
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Figure l la:  Length frequency of female hoki in commercial catches from the Cook Strait spawning 
fishery from 1991 to 2003 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 yenr-elass 
modes, e.g., 91 = 1991 year-class. 
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F i e  llb: Length frequency of male hold in commercial catches from the Cook Strait spawning fishery 
from 1991 to 2003 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, ag., 
91 = 1991 year-class. 
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Figure 12a: Catch at age of female hoki in commercial catches from the Cook Strait spawning fishery 
from 1988 to 2003 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 12b: Catch at age of male hold in commercial catches from the Cook Strait spawning fishery from 
1988 to 2003 sampled in sheds by the StockMonitoring Programme. n is the number of fish aged. Grey 
ban show 1987 and 1988 year-classes and black bars show 1991-94 year-classes. 
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Figure 13: Comparison of Observer Programme (SOP), and the Stock Monitoring Programme (market) 
length frequencies of hokl taken in commercial catches from Cook Strait during the 2003 spawning 
season. n is the number of tows or landings sampled. 



Males Females 

J u n  n.3 
no. = 263 

Jul n = 1 3  
no. = 1 2M 

r: 
r a ~ u g  n=22 Aug n-2s 
i i 4  no. = 1 885 no. = 2 895 
2 m 
P 

53 z 
2 

1 

0 

20 40 60 80 100 120 20 40 60 80 100 120 
Total length (cm) 

Figure 14: Monthly length frequencies of hoki taken in commercial catches from the Cook Strait fishery 
from June to September 2003 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 fishery 1989-2003 from landings sampled by the Stock Monitoring Programme. 
Liner, are a loess 5t. 
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Figure 16a: Length frequency of female hold in commercial catches from the Puysegur spawning fishery 
from 1989 to 1997, and 1999 to 2003 sampled at sea by the Observer Programme. n is the number of tows 
sampled, no. is the number of fish sampled. 
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Figure 16b: Length frequency of male hoki in commercial catches from the Puysegur spawning fishery 
from 1989 to 1997, and 1999 to 2003 sampled at sea by the Observer Programme. n is the number of tows 
sampled, no. is the number of fish sampled. 
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Figure 17a: Length frequency of female hold taken in commercial catches from the ECSI fishery from 
1997-98 to 2002-03 sampled by the Observer Programme (and combined with Hold Management 
Company data lo 200041 and 200142). n is the number of tows sampled, no. is the number of fish 
sampled. 
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Figure 17b: Length frequency of male hold taken in commercial catches from the ECSI fishery from 
1997-98 to 2002-03 sampled by the Observer Programme (and combined with Hold Management 
Company data in 200041 and 2001-02). n is the number of tows sampled, no. is the number of fish 
sampled. 
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Figure 18a: Length frequency of female hold taken in commercial catches from the ChathamRise fishery 
from 1990-91 to 200243 sampled by the Observer Programme (and combined with Hold Management 
Company data in 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 hold taken in commercial catches from the Chatham Rise fishery 
from 1990-91 to 2002-03 sampled by the Observer Programme (and combined with Hold Management 
Company data in 2 0 0 0 1  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 ChathamRise fishery as estimated by direct 
ageing of otoliths from 1998-99 to 200243. Black bars show 1991-94 year-classes. Grey bars show 1997- 
98 year-classes 
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Figure 20a: Length frequency of female hold taken in commercial catches fromthe Sub-Antarctic fishery 
from 1990-91 to 200243 sampled by the Observer Programme (and combined with Hold Management 
Company data in 200041 and 200152). n is the number of tows sampled, no. is the number of fish 
sampled. 
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Figure 20b: Length frequency of male hold taken in commercial catches from the Sub-Antarctic fishery 
from 1990-91 to 200243 sampled by the ObSe~er Programme (and combined with Hoki Management 
Company data in 2000-01 and 2001-02). n is the number of tows sampled, no. is the number of fish 
sampled. 
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Figure 21: Proportions at age and sex in the catch from the Sub-Antarctic fishery as estimated by direct 
ageing of otoliths from 2000-01 to 2002-03. Black bars show 1991-94 year-classes. Grey bars show 1997- 
98 year-classes. 
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Figure 22a: Length frequency of female hoki taken in commercial catches from different areas during the 
200243 fishing year. Cook Strait sampled by the Stock Monitoring Programme, other areas sampled by 
the 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 22b: Length frequency of male boki taken in commercial catches from different areas during the 
200243 fishing year. Cook Strait sampled by the Stock Monitoring Programme, other areas sampled by 
the 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 23a: Scaled length frequency for female hold  f r o m  Chatham Rise Tangaroa trawl surveys. 
Population numbers of female fish (n) are presented along with coeff~cients of variation (c.v.) and the 
number of fish measured (no.). 
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Figure 23b: Scaled length frequency for male hold from Chatham Rise Tangaroa trawl surveys. 
Population numbers of male fish (n) are presented along with coefficients of variation (c.v.) and the 
number of fish measured (no.). 
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Figure 24: Scaled age frequency for hold from Chatham Rise T ~ g u r o a  trawl surveys 1992-2004. Black 
bars show the 1991-1994 year classes. 
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Figure 25a: Scaled length frequency for female hoki from aU Sub-Antarctic Tungaroa trawl surveys. 
Population numbers for core strata are presented as white 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.vs in parentheses. 
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Figure 25b: Scaled length frequency for male hold from aU Sub-Antarctic Tangaroa trawl surveys. 
Population numbers for core strata are presented as white 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. 



Figure 26a: Scaled age frequency for female hoki from all Sub-Antarctic Tangaroa bawl surveys for the 
core 300-800 msurvey area. Number of fish aged (fvalues) are given with c.v.s in parentheses. Black bars 
show the 1991-94 year classes. 
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Figure 26b: Scaled age frequency for male hold from all Sub-Antarctic Tangaroa trawl surveys for the 
core 300-800 m survey area. Number of fish aged (m values) are given with c.vs in parentheses. Black 
bars show the 1991-94 year classes. 
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