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EXECUTIVE SUMMARY 

Livingston, MX.; Stevens, D.W. (2002). Review of trawl survey data inputs to hoki stock 
assessment 2002. , 

New Zealand Fisheries Assessment Report 2002/48.. 69 p. 

A new model to.assess hoki stocks in New Zealand in 2002 is under development. As part'of 
this process, several reviews have been completed to assess a range of appropriate inputs to 
the model. Our report reviews trawl survey data available on the NIWA trawl database, and, 
using specific criteria. makes recommendations about which surveys provide reliable 
abundance indices for hoki that can be used in the assessment 

The NIWA trawl database was semhed for records of surveys carried out to estimate the 
abundance of hob, or where hoki were sampled during surveys of other species, from al l  
areas of New Zealand waters. Out of 317 surveys, just 29 satisfied the criteria of sampling 
design, area and depth coverage (i.e., main depth range of hoki, and home grounds) to be of 
potential use as inputs to the hoki stock assessment model as abundance indices and 
proportions at age. It was recommended that the f k t  eight of these surveys (Shinkai Mam 
and Amaltal Explorer) be excluded from the assessment on the grounds of major selectivity 
differences among the gear used and differences in duration of tow. The recommended 
surveys included the time series of January trawl surveys on the Chatham Rise, 1992-2002, a 
summer series from the Sub-Antarctic (December 1991, 1992, 1993, 2000, 2002) and an 
autumn series from the Sub-Antarctic (May 1992, April 1996, 1998). It was recommended 
that proportion at age data from Sub-Antarctic surveys in May 1993 and September 1992 be 
included. 

A further eight sets of surveys, each using different vessels and different gear, in largely 
inshore areas of New Zealand were also considered. However, most of these sets, although 
consistent within themselves, covered only part of the depth range of hoki. Preliminary 
recommendations were that abundance indices from these surveys could not be used in the 
model, but that the length frequency data may provide some insight to hypotheses about the 
distribution of hoki at different stages of the life-cycle. . 



1. INTRODUCTION 

A major difference between the NIWA and University of WashingtonlSeamC (UWISeaFIC) 
assessments' in 2001 was in the trawl survey time series that were used. The former 
assessment used 13 series, whereas the latter used only 4. In one series (Tungaroa, ApriVMay, 
Sub-Antaxtic) UWISeaFIC used four surveys, but NIWA used only three. NIWA used the 
estimated abundance of 1-year olds from some series as a model input, whereas UWlSeaFIC 
never did. 

Such substantial differences in data inputs can have a profound effect on an assessment, so the 
decision to include or exclude data should not be made lightly. Therefore, it is important that 
this decision be made using all relevant information. 

The aim of this review is to assemble this information so that the Hoki Working Group can 
make a rational decision as to which surveys should be included in the 2002 assessment; 
Further, they can document the reasons for their decision. 

2. METHODS 

The NIWA trawl database was searched to identify all surveys that are potentially useful as 
inputs to a hoki assessment. A subset of thpe were then identified for assembling the 
following information: 

number of valid stations and their geographical and depth distribution 
survey design, date completed. 
trawl gear and towing speed used 
length and, where available, age distribution of the hoki population 
the estimated biomass of hoki fiom core strata, and the C.V. 

bycatch rates for main. bycatch species (as an indicator of comparabiity of fishing 
effort) 
other relevant information (e.g., fish were not sexed in some early surveys, others 
recorded length to the nearest 2 cm). 

All data were extracted h m  the Triwlsurvey Database using the Trawlsurvey Programme 
(Vignaux 1994) held at NIWA, Wellington. Details of strata and stations used to obtain core 
strata abundance estimates (i.e, consistent depth and areal coverage among surveys in each 
area) are given in Appendix 1 and 2. 

3. RESULTS AND DISCUSSION 

3.1 Surveys on database, of potential use to the stock assessment 

A total of 317 voyages that have recorded hoki in the catch were found on the trawl database. 
Some of these voyages were trawl surveys specifically aimed at estimating the abundance of 
hoki, but many were acoustic surveys where layer identification tows were canied out, or 
surveys designed to survey other species that incidentally caught hoki. The widespread 
occurrence of hoki in non-hoki research voyages reflects the wide depth range of hoki and its 
broad distribution throughout the EEZ. The proportion of stations in which hoki occurred out 
of the total sampled in each survey was often high, and the geographic range included most 
areas of the EEZ. Hoki length frequency data were available from a large number of surveys. 
not just those of the Chatharn ~ i se -and  Sub-Antarctic carried out to obtain abundance 
estimates of hoki. 



A subset of 84 surveys where hoki were either caught in a high proportion of the total number 
of tows or a large number of hoki were measured for a length frequency dis~bution were 
found on the database. 

To identify useful sets of abundance indices for the hoki stock assessment model, we first 
considered the current view of the life cycle of hoki and stock structure, as it is important to 
identify for which parts of the population we need abundance indices and proportions at age 
data. We then drew up a list of criteria that should ideally be met for the surveys to be of 
optimum value to stock assessment, and evaluated surveys with respect to the criteria. 

3.2 Life cycle of hoki 

The current view of the life-cycle of hoki is stiU essentially that proposed by Livingston 
(1990), as shown in Figure 1 and underpins the conceptual model for the stock model 
developed by Cordue (2001). shown in Figure 2. There have also been several studies to 
further investigate the stock struchare of hold, but thus far the two-stock model originally 
outlined by Livingston (1990) and Livingston & Schofield (1996) remains. The current view 
is that hoki are spawned in two major centres, one off the west coast of the South Island and a 
second in Cook Strait (Figure 3). Satellite spawning areas are also located off Puysegur, the 
Stewart and Snares shelf, the Chatham Islands, the east coast of the South Island off Banks 
and Kaikom Peninsulas, and the east coast of the North Island off the Wairarapa and White 
Island. spawning off the west coast and any other western locations are considered to be 
mature hoki that are part of a Western Stock, and those spawning in Cook Strait are 
considered to be part of the Eastern Stock Young hoki are thought to migrate to the Chatham 
Rise nursery grounds where large numbers of 1-3 year old hoki are found. As they reach 
maturity, Eastern Stock hoki move to deeper waters of the Chatham Rise and areas of the 
North Island, and Western Stock hoki move to the Sub-Antarctic where a predominantly 
mature-sized population resides. In the stock assessment model, 100% fidelity is assumed, 
although it is likely that there is a degree of exchange, if only because the two stocks are not 
genetically distinct (Smith et al. 1996). 

Abundance indices for the model are required from the two main spawning stocks (west coast 
South Island and Cook Strait), the two main home grounds (Chatham Rise, Sub-Antarctic), 
the nursery pre-recruits (Chatham Rise) and, if possible, any other areas around the coast of 

. New Zealand where hoki reside or migrate through on a regular basis (e.g., the 'corridors' 
through Southland and Cook Strait that Cordne (2001) described to move hoki from the 
spawning grounds to the nursery ground). Spawning hoki are surveyed using acoustic 
methods, and model inputs fiom acoustic surveys were reviewed by O'Driscoll(2002). In our 
review, we are concerned with trawl surveys which sample hoki when they are not spawning. 
Therefore, the prime focus is on the nursery and home grounds of the Chatham Rise and Sub- 
Antarctic. We have also, 'however, explored survey data that may be of potential use in 
determining trends in hoki abundance in corridor zones. 

3.3 Criteria for survey potential in stock assessment 

To be of value to the model, the following criteria should apply to surveys of abundance: 

0 Survey design: random distribution of stations; adequate sampling of depth 
strata 
Area depth: survey must have sampled core hoki depths (200-800 m Chatham 
Rise, 300-800 m Sub-Antarctic 



Tow duration: should be no less than 2 n. miles 
Area swept: measured directly qnd in different depth zones 
Selectivity: nets should fish in similar ways thereby sampling the fish 
population in a similar way 
Time series: a survey that is part of a time series at a particular time of year 
has more value than a one-off 
Age: ideally, otoliths have been aged and sampled from the full range of fish 
Sampling: hoki should have been measured and sexed using standard 
methodology 

3.4 Chatham Rise and Sub-Antarctic surveys 

Twenty-nine surveys (14 Chatham Rise, 15 Sub-Antarctic) that have been carried out over the 
main depth range of hoki (200-800 m on the Chatham Rise, 300-800 m in the Sub-Antarctic) 
using a stratified random design, and for which abundance data, length by sex data, and 
numb& at age data (otoliths, ME) are available, are listed in Table 1. 
Most of these surveys were carried out using comparable trawling gear on Tangaroa, and 
followed a strict code of practice to ensure that gear parameters and trawling procedures were 
consistent. The exceptions were surveys carried out by Shinkni Maru and Amaltal Explorer, 
which used different nets (although all nets were winged bottom trawls of Japanese design 
with heavy ground gear) and, in some instances, different sampling methodology. In 
particular, some of the Shinkai Maru surveys used much shorter tows; hoki were not always 
sexed, and sometimes the fish were measured in 2 cm intervals rather than the standard 1 cm 
interval. 

Importaut features of the main surveys, i.e. total number of stations, number of valid stations 
in core depths, mean tow speed and length of tow, mean headline height and doorspread 
widths in different depth zones are given in Tables 2a and 2b (Chatham Rise and Sub- 
Antarctic respectively). The Shinkai Maru surveys followed a random design, although this 
was not standardised until the AmaZtal Explorer and subsequent surveys (Francis 1989). It is 
only since the arrival of Tangaroa that the survey design, survey area, and gear and 
deployment procedures have been standardised (Hurst et al. 1992). Scanmar measurements of 
doorspread and wingspread were not available for the Shinkni Maru surveys. The method 
used was Koyama's mkthod, which involved estimating doorspread from the angle of the 
wires entering the water from the gantry (Koyama 1974). The unreliability of this method is 
referred to by Fenaughty & Uozumi (1989);and biomass estimates tiom Shinkai Maru 
surveys were decreased by 15% in a comparative study by Hurst & Schofield (1990) to 
compensate for the underestimation in doorspread values derived from this method. 

On the Chatham Rise, the mean towlength during the survey in March 1983 was about half 
that of all other surveys. 'Headline height and doorspreads were generally higher during 
surveys by Shinkai Maru and Amnltal Explorer than on Tangaroa (Table 2a). Current 
recommendations are that any tow of Iess than 2.0 nautical miIes be given an unsatisfactory 
performance code (Vignaux 1994). In the Sub-Antarctic, the mean tow length of both Shinkai 
M a n  surveys was also about half that of more recent surveys, but among head-line height and 
doorspread measurements, the two Amaltal Explorer surveys in 1990 stand out as very 
different from the other surveys, with a very low headline height and wide doorspread (Table 
2b). The March 1982 survey measured hoki in 1 cm intervals, but did not sex the fish; March 
and October 1983 surveys measured hoki in 2 cm intervals, but they were sexed. 

A comparison of gear and set-up differences between Shinkai Mum and Amaltal Explorer by 
Hunt & Schofield (1990) concluded that the set-up and gear used on all Shinkai Maru 



surveys were similar. The only exception was the October-December surveys in 1983 when 
shorter sweeps were used. This gave rise to a lower wingspread to doorspread ratio, but a 
similar theoretical sweep angle. In theory then, the vulnerability of fish to the two setups on 
Shinkai Maru surveys was similar. The net dimensions and design used by Amaltal Explorer 
in 1989 were similar to the Shinkai Mam nets, except the sweep angle was considerably 
larger (16-19" rather than 11-12') and undoubtedly had some effect on fish vulnerabiity. An 
attempt to adjust for this by comparing the biomass of bycatch species that met certain 
'stability' criteria (e.g., were lightly exploited, low c.v.s, did not undergo seasonal, areal, or 
water column migrations) found that the abundance of most bycatch species meeting these 
criteria was significantly lower (43-53%) in Amaltal Explorer surveys. Hurst & Schofield 
(1990) concluded that the fishing power of the two vessels was probably differenf and a 
correction factor of 1.8 to 2.1 should be applied. However, if the biomass decline in the 
bycatch species was real, rather than caused by differences in fishing power, then the 
correction factor approach is wrong, and any application of one becomes questionable. 

Comparability between vessels is further complicated by the change of net used by Amaltal 
Explorer for trawl surveys of the Sub-Antarctic in July and November-December 1990. The 
net in 1990 was a squid net that had a much wider doorspread, greater sweep angles, and 
lower headline height than any other nets used. Despite these m k e d  differences, Hurst & 
Schofield (1991) considered the fishing power of the two nets to be similar, on the basis that 
the biomass of most bycatch species remained similar between October-November 1989 and 
November-December 1990. However, when Hurst & Schofield (1991) revised their approach 
to estimating a correction factor between the Shinkai Maru and Amdtal Explorer surveys by 
using the sum of biomass for all species except hoki the correction factor increased o 2.5-2.9 
for the Amultal Explorer 1989 and gave an even higher correction factor of 3.4-3.8 for the 
1990 survey, suggesting that there was in fact a difference in fishing power between the 1989 
and 1990 Amoltal Explorer nets. H m t  & Schofield (1991) went on to explain in more detail 
the difficulties in using this approach to compare vessels and gear, and concluded that they 
had little confidence in the method, and that it was not a reliable way of improving survey 
comparability. Consequently, this approach has not been used to calibrate Tangaroa with 
either Shinkai Maru or Amaltal Explorer. If the Hoki Working Group were to include the 
Shinkai Maru and AmaItal Explorer surveys they should be treated as independent time series. 

How well the main surveys in each area met the,criteria given in Section 3.3 is summarized in 
Tables 3a and 3b. It is clear that Tangaroa has provided the most reliable and comparable 
series of abundance surveys from both the Chatham Rise and the Sub-Antarctic. The 
problems with the Shinkai Maru and Amaltal Explorer surveys detailed above resulted in 
these surveys scoring less well than the Tangaroa surveys. 

In general, most of the main surveys carried out by Tangaroa have been included in past 
assessments, the exceptions being a survey of the Sub-Antarctic in May 1993 when a 
sigdicant portion of hoki were estimated to have already departed on the winter spawning 
migration (Livingston et al: 1997). and also in September 1992, when it was clear that many 
hoki had not yet returned to their summer feeding grounds after the spawning season in July- 
August 1992 (Schofield & Livingston 1994b). There has also been some debate about 
whether or not other autumn s y e y s  of the Sub-Antarctic may also be underestimating hoki 
biomass as the autumn surveys in 1992 and 1993 both had a lower biomass than preceding 
December surveys (O'Driscoll & Bagley 2001). The most contentious surveys, however, are 
those carried from Shinkai Maru and Amaltal Explorer. The inclusion of these surveys in the 
assessments has varied h m  year to year. There is a desire to include pre-Tangaroa surveys, 
as it is believed that they provide crucial information on the abundance of hoki before the 
major increases in exploitation from 1986. However, there are a number of difficulties 
associated not just with vessel comparability, but also gear parameters and how they were 
measured, and the different sampling approaches used. If these surveys are to be included into 
the stock assessment, it is important to standardise the way in which these data are adjusted to 



accommodate these differences. It is our recommendation that only Tangaroa surveys be used 
as baseline inputs to the model as three different time series: 

1. ~amiary series from the Chatham Rise 
2. Summer series of the Sub-Antarctic (November-December) 
3. Autumn series of the Sub-Antarctic (March-May) 

The Sub-Antarctic surveys of September 1992 and May-June 1993 do not form part of a time 
series, but, assuming similar selectivities, they will provide comparable information on the 
proportions of fish at age at that time of year. 

3.5 Abundance estimates 

The biomass of hoki estimated for the main surveys is given in Tables 4a and 4b for the 
Chatham Rise and SubAntarctic respectively. These have been estimated for core strata only 
(200-800 m on the Chatham Rise, and 3CC-800 m in the Sub-Antarctic), and therefore differ 
from 'the biomasses given in the original repoas. They have not been adjusted in any way to 
allow for the underestimation of doorspread from Koyama's method, nor the vessel correction 
factors suggested by Hurst & Schofield (1990). The two Shinkai Maru surveys which covered 
the whole of the Chatham Rise in March 1983 and July 1986 gave substantially higher 
estimates of hoki biomass than either Amltal @lolor or Tangaroa surveys in subsequent 
years (Table 4a). Although it seems probable that the Shinkai Maru fishing power was higher 
than that of the other two vessels, it is also possible that the biomass was actually high at that 
time, particularly if recruitment success in the late 1970s was as high as suggested by Francis 
et al(2002). A reduction of Shinkai Mmu biomass values in Table 4a by 1596 to compensate 
for the underestimation of gear spread using Koyama's method lowers the estimates by about 
50 000 t, but they are still much higher than the highest Tangaroa biomass estimate in 1993 
(Table 4a). It may be that a more realistic adjustment to these biomasses can be made by 
applying a revised doorspread estimate appropriate to each depth range. The July 1986 survey 
was carried out to estimate hoki biomass at a time when it was known that mature fish would 
be spawning on the west coast of the South Island. Further, spawning in Cook Strait was 
unknown at the time of the survey, although spawning in an eastern location was suspected. 
The July 1986 survey clearly shows that a substantial number of recruited hoki did not go to 
spawn that season, and suggests that the 1983 year class was relatively strong. However, as 
the proportion spawning for the Chatham Rise is unknown, this survey may not be usem as 
an index of hoki abundance. Hoki biomass changes plotted in Figure 4 show a steady decline 
in recent years, particularly among fish older than 3 years. 

The biomass estimates of hoki on the Chatham Rise and in the Sub-Antarctic show a similar 
drop between the Shinhi Maru and Amltal Eqdorer (Tables 4a, 4b, and Figure 5). This was 
thought to represent a real drop in hoki abundance as catchability differences between fish in 
the two areas were not considered significant (Hurst & Schofield 1990). Summer surveys 
using Tangaroa have also shown a decrease since the early 1990s (Table 4b), although the 
intermittent sequence and timing of these surveys makes it difficult to interpret changes in 
relative abundance. Of interest are the relative stock sizes between the Chatham Rise and the 
Sub-Antarctic. The 1982 and 1983 Shinkai Maru surveys and summer Amaltal Explorer 
surveys suggested hoki stocks of similar sizes on both the Chatham Rise and the Sub- 
Antarctic (cf. Tables 4a and 4b). Tmg(u0a surveys estimated a larger biomass of hoki 3 years 
and over on the Chatham Rise in the early 1990s, but in more recent years, this has reversed. 
This particular comparison is confused by different year class strength and the ongoing 
movement of fish aged 3, 4, 5, and 6 years off the Chatham Rise. If we compare the 
population numbers in fish aged 8 and over (i.e., an age where all stock migrations should be 
completed), we see that in all years except 1997 the size of the adult stock in the Sub- 
Antarctic (summer) is about 4-6 times larger than on the Chatham Rise and in autumn, nearer 



to twice as large (Table 5). The proportions of male and female hoki also differ between 
areas. Sub-Antarctic surveys appear to catch proportionally more males than Chatham Rise 
surveys, with the exception of the March 1983 survey of the ChathamRise (Table 6). 

3.6 Bycatch 

The catch rates of 11 main bycatch species in the main surveys are given in Tables 7a and 7b. 
Criteria for species inclusion were C.V. less than 30% andlor high proportional abundance out 
of the total abundance. In surveys before 1989. rattails were rarely identified to species level 
but collectively formed a high proportion of the biomass. Subsequently, much more effort 
was put into species identification, and we have included abundance estimates of CBO, 
Bollons rattail, as one of the more abundant and reliably identified rattail species. The catch 
rates of hoki and hake have decreased on the Chatham Rise, both in the entire survey series, 
and just within the Tmgaroa series (Table 7a). Trends for other species evident within the 
Tangaroa series (e.g., increasing lwkdown dory, sea perch, javelinfish and dark ghost shark) 
become confused when the other vessel surveys are added in. The trends in abundance 
(parainehic bootstrap hypothesis test) within the Tmgaroa series calculated by Livingston et 
al. (2002). are given in Table 8. 
In the Sub-Antarctic (see Table 7b), catch rates of hoki, hake, and lwkdown doxy as well, 
declined over the full range of surveys. The intermittent timing of these surveys plus seasonal 
differences make it difficult to interpret changes as several factors, including migration to 
spawn outside the survey area, alter catchab'ity. There were few trends reported by 
O'Driscoll & Bagley (2001). 

3.7 Temperature effects 

Temperature change may affect the catchability of fish. On the Chatham Rise, there is a 
slightly upward trend in surface temperatures with 1994 and 1998 standing out as particularly 
cold years, and 1999 as a very warm year (Table 9). The 1986 values are low because this 
survey was in July. Bottom temperatures show much less variation than surface temperatures 
but nevertheless, a similar trend is evident (Table 9). A seasonal effect is visible in the Sub- 
Antarctic survey temperatures, with low tempptures in October 1983 and September 1992 
(Table 9). Here, maximum bottom temperatures were higher than surface minimums, which 
presumably reflects the different water regime around the Stewart and Snares shelf-Puysegur 
area compared with the Campbell Plateau area. December surface temperatures may be 
slightly higher in 2000 than in the early 1990s, but the effect is less pronounced than on the 
Chatham Rise. 

3.8 Length frequencies from Chatham Rise and Sub-Antarctic surveys 

The length distribution hquencies of male and female hoki from the maia Chatham Rise 
surveys listed in Table 1 are shown in Figures 6a and 6b. These show that the Chatham Rise 
is consistently dominated by juvenile fish, and that relatively more older fish (3+ and over) 
were caught in March 1983 by ~hinkai Mum. The catch distribution of hoki during these 
surveys shows some variation, which may in part be seasonal, but may also be caused by 
some other underlying oceanographic factor (Figures 7a, 7b). Surveys with higher catch rates 
towards the western end of the Chatham Rise include March 1983, and January surveys in 
1992,1993, 1998, and 1999. Surveys in November-December 1989 and January 1994, 1995, 
1996, 1997,2000, and 2001 tended to have higher catch rates in the central and eastern parts 
of the ChathamRise (Figures 7a, 7b). The reason for these differences is unknown. 



The length distribution of hoki in the Sub-Antarctic is completely different from that on the 
Chatham Rise, showing a predominantly mature size range of fish from 60 cm total length 
and greater 8a, 8b). Smaller fish are sometimes caught, but usually in small 
proportions comparec! with the Chatham Rise (see Tables 4a and 4b). The only survey where 
small fish (under 60 cm) dominated was in July 1990 when mature fish would have been 
spawning outside the survey area Hoki were relatively evenly distributed during most 
surveys of the Sub-Antarctic although the winter and autumn surveys (AEX9001, TAN9204, 
TAN9304 and TAN9605) tended to catch more fish in the westem part of the area, although 
not always (e.g., TAN9805, Figure 9). This was more extreme in winter surveys (TAN9001 
and TAN9209). 

3.9 Surveys from other areas of New Zealand 

There were many other surveys that either did not cover the full depth range of hoki, used 
different sampling gear (including wingless nets, midwater gear), or were less than o p W  in 
sampling design (non-random, very few tows, commercial tows, targeted tows, nighttime 
tows). It is unlikely that abundance estimates of hoki from these surveys can be used, but they 
provide some length frequency data on the presence of hoki outside the areas and depths 
covered by the main surveys listed in Table 1. Surveys around the North Island that covered 
several areas, were split into northeast coast North Island (North Cape-East Cape) and 
southeast coast North Island ( East Cape to Cape Palliser). A list of time series from different 
areas around New Zealand, most of which have been carried out by Kaharoa, which may be 
of potential use in providing relative abundance indices or length hquency data for the 
corridor section of the model is given in Table 10. 

Length distributions from the other surveys listed in Table 1 show that mostly large hoki 
(over 60 cm) are found regularly off the northeast coast of the North Island (north of East 
Cape) within the depth range 200-1200 m @1gures 10a, lob). Off the southeast coast of the 
North Island, deepwater surveys caught some larger hoki, but the scampi surveys sampling 
depths of 200600 m caught juvenile hoki as well @gures lla, llb). The differences in 
modal peaks for the same year classes in the scampi time series and the inshore time series 
undoubtedly reflect differences between trawl gear and the sampling optimisation 11 
a, llb). Of particular interest was the bimodal appearance of the 0+ hoki in February 1995 
(Figures 11% llb). 

Deepwater surveys off the west coast North Island tended to catch hoki over 60 cm total 
length (Figures 12% 12b). A survey of the Challenger Plateau in 1991 to explore for juvenile 
hoki caught very few hoki (Figure 12a, 12b). and surveys sampling hoki off the west coast of 
the South Islandfound mature-sized fish in winter and very small hoki in autumn (Figures 
13a, 13b). Small O+ hoki dominated the shallow surveys in Tasman Bay and Golden Bay 

14). Large hoki dominated the length frequencies from Cook Strait in the spawning 
season (Figures 15% 15b). A survey east of 176' E found more juvenile hoki than surveys in 
shallower water at the Chatham Islands in December 1984 and 1985 @gure 15% 15b). 
Inshore surveys of the east coast of the South IslandMemoo Bank area found predominantly 
juveniles 16% 16b). Surveys of Southland and the Auckland Island shelf area to 600 
m depth of the Sub-Antarctic in' 1981 and 1983 show a predominantly adult size range of 
hoki, but in June 1986 and January 1986, the distribution includes younger fish (Figures 16a, 
16b). The Southland surveys in February-March 1993-1996 show a predominance of juvenile 
hoki (Figures 17% 17b). Plots of 1+ and 2+ catch rates with depth show that most of these fish 
were caught deeper than 300 m (Figures 18% 18b). 



4. CONCLUSIONS 

The results above were presented to the Hoki Working Group during Fishery Assessment 
.Meetings 2002, and it was agreed that because there are now reasonable time series of data 
available from ~ a n ~ a r o a  trawl surveys, the data inputs to the 2002 hoki model should be as 
recommended below: 

It is recommended that all Shinkai Maru and AmaItal Explorer surveys be excluded 
fromthe baseline case in the 2002 assessment. 

It is recommended that the bioqms indices for the May 1993 survey and September 
1992 also be excluded, although the propdons of hoki at age from these.surveys 
could be included. 

At this stage; no biomass estimates of hoki from the corridors, coastal, or partially 
covered m a s  should be included in the assessment. It is recommended that the length 
data from these surveys be explored for information regarding the c.-nt hypotheses 
about lifecycle and hoki distribution throuehout New Zealand. This is beme done as - - 
p a t  of MF~& Project HOK2000IOl. 

We achowledge the experience and help received from many people, but in particular Neil 
Bagley for defining core strata (Appendixes 1,2), and both Neil Bagley and Owen Anderson 
for assistance with the catch rate plots. Murray Smith and Kevin Sullivan reviewed the draft 
manuscript. 
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Table 1: List of random trawl surveys that covered the main depth range of hoki (200-800 m) from which abundance estimates, length frequency distributions 
and age structure of boki are available. (MIX is a program to separate out mixhres of normal distributions.), 

Trip code Date Reference Depth range Hoki Total no. No. No. Total hoki Length Age data Additional strata 
(m) sh~s. stations males females measured interval (yedno) 

Chatham Rise surveys 800-1000 m Hake strata 

SHI8301 Mar 1983 Fenaughty & 50-800 115 126 3976 5477 13762 2 cm Otoliths n n 
Uozumi 1989 

SHI8602 Jun-Jul 1986 Livingston et al. 2OC-800 91 107 8 884 12724 21 650 1 cm Otoliths n n 
1991 

EX8903 Nov-Dec Livingston & 200-800 107 118 7 972 10 675 18 686 1 cm MM n n 
1989 Schofield 1995a 

TAN9106 Jan 1992 Horn 1994a 200-800 178 186 12 895 16 572 29 483 1cm Otoliths n n 

TAN9212 Jan 1993 Horn 19941, 200-800 186 195 15414 20267 35 690 I cm Otoliths n Y 

TAN9401 Jan 1994 Schofield & 200400 162 165 13 642 16562 30213 I cm Otoliths n n 
Horn 1994 

TAN9501 Jan 1995 Schofield & 200-800 122 127 9 694 12 350 22 190 I cm Otoliths n n 
Livingston 1995 

TAN9601 Jan 1996 Schofieldk 200-800 87 93 7 520 9 230 16758 1 cm Otoliths n n 
Livingston 1996 

TAN9701 Jan 1997 Schofield& 200-800 99 ' 105 8705 11 007 19714 1 cm Otoliths n n 
Livingston 1997 

TAN9801 Jan 1998 Bagley & Hurst 200-800 91 111 7590 9872 17496 I c m  Otoliths n Y - ~ 

1998 
TAN9901 Jan 1999 Bagley & 200-800 129 142 9 067 . 11 556 28 736 1 cm Otoliths n n 

Livingston 2000 
TAN0001 Jan 2000 Stevens et al. 200-800 130 134 9 137 12523 21 685 I cm Otoliths Y Y 

2001 
Stevens & 200-800 132 144 8 951 12265 21 481 1 cm Otoliths n 

Livingston 2002 
TAN0201 Jan 2002 Livingston & 200-800 107 110 6645 9369 16014 I cm Otoliths Y Y 

Stevens 2002 



Table 1 (continued) 

Trip code Date References Depth range 
(m) 

Sub-Antarctic survevs 
SHI8201 Mar-May 1982 Van den Broek et 

a1 1984 
Oct-Nov 1983 Hatanaka et a1 

1989 
Oct-Nov 1989 Livingston & 

Schofield 1993 
Jul-Aug 1990 Hurst & Schofield 

1995 
Nov-Dec 1990 Hurst & Schoficld 

1995 
Nov-Dec 1991 Chatterton & 

Hanchct 1994 
Apr-May 1992 Schofield & 

Livingston 1994a 
Sep-Oct 1992 Schofield & 

Livingston 19941, 
Nov-Dec 1992 Ingerson et a1 

1995 
May-Jun 1993 Schofield & 

Livingston 1994c 
Nov-Dec 1993 Ingerson & 

Hanchet 1995 
Apr 1996 Colman 1996 

Apr 1998 Bagley & 
McMillan 1999 

Nov-Dec 2000 O'Driswll et al. 
2001 

Nov-Dec 2001 O'Driscoll & 
Bagley 2002 

Hoki Total no. No. males No. Total Length Agedata Additional seata. 
stns. 

116 

139 

111 

114 

172 

154 

90 

93 

156 

98 

132 

101 

75 

102 

103 

stations 

215 

186 

124 

122 

181 

165 

92 

101 

162 

101 

143 

102 

77 

109 

106 

females measured interval - (yesfno) 
800-1000 m Bounty Puysegur 

unsexed unsexed 14 891 

6098 8 289 14 473 

3491 5241 8 732 

3 977 6660 10638 

6509 11915 18427 

7474 11192 18676 

4110 5793 9942 

1566 3 649 5563 

7 036 10443 17 802 

3 080 4 823 7 907 

6343 9002 15 352 

5 144 6419 11 565 

3 149 4428 7 583 

2820 4493 7315 

2254 3 494 5 749 

I cm Nil 

2cm Otoliths 

1 cm MIX 

1 cm MIX 

1 cm MIX 

I cm Otoliths 

I cm Otoliths 

1 cm Otoliths 

1 cm Otoliths 

1 cm Otoliths 

cm Otoliths Y 

em Otoliths Y 

cm Otoliths Y 

cm Otoliths n 





Table 2b: Gear parameters: tow speed (knots), tow length (nautical miles), bead-line helght (HLH in m), and mean doorspread width (m) in different 
depth.zones in core strata (300400m) during surveys of the Snb-Antarctic, March 1982 to October 2000 (Pt, number of Phase 2 stations; s.d, standard 
deviation; *, over 300400 m depths). Note: The 1983 Shinkai Mam and 1989 Amah1 Explorer survey data contain a few tows in 200-300 rn depths. (See 
Appendix 1 and 2 for details on station exclusion). 

Vessel 
Year 
Month 

Total number of tows 
Total no, of valid tows 
Total valid core tows 
No. of core P2 tows 
Mean tow speed 
s.d 

Mean tow length 
s.d 

Mean HLH 300600 
s.d. 

Mean HLH 600-800 
s.d. 

Mean HLH 800-1000 
s.d. 

Doorspread 300-600 
s.d. 

Doorspread 600-800 
s.d. 

Doorspread 800-1000 
s.d. 

Shinkai Maru Amaltal Explorer Tangaroa 
1982 1983 1989 1990 1990 1991 1992 "1992 1992 1993 1993 1996 1998' 2000 2001 
Mar Oct 

219 , 184 
218 184 
130 142 

- - 
3.4 3.1 
0.24 0.23 
1.7 1.6 

0.14 0.13 
9.4. 7.2 
0.9* 0.6 
9.4* 7.1 
0.9* 0.6 

- - 
- 

120* 123.9 
- '9.6 

1201 120.9 
- , 9.7 
- - 
- - 

Oct lul Nov 

181 
177 
149 
14 
3.4 
0.21 
3.0 
0.26 
4.4 
0.4 
4.4 
a4 

- 
- 

165.5 
9.9 

174.0 
8.4 

Dec 

154 
154 
150 
11 
3.5 
0.06 
3.0 
0.15 
6.6 
0.3 
6.7 
0.3 
6.5 
0.2 

126.1 
5.9 

l26:9 
85 

126.9 
3.6 

Apr Sep Dec May 

101 
100 
100 
0 

3.5 
0.09 
3.0 
0.24 
6.7 
0.4 
6.6 
0.3 

- 
- 

123.0 
- 

nil 

Dec 

143 
138 
130 
0 

3.5 
0.06 
3.0 
0.13 
7.2 
0.3 
7.1 
0.3 
7.8 
0.4 

118.0 
6.2 

123.8 
5.4 

126.2 
3.5 

Mar Apr Dec Dec 

110 
106 
85 
7 

3.5 
0.12 
2.97 
0.12 
7.1 
0.18 
7.1 
0.22 
7.3 
0.37 

116.8 
6.08 
117.9 
4.32 
118.0 
4.8 

Note: Doorspread on Shinkai Maru was estimated using Koyama's method (Koyama 1974); doorspread on Amaltal Explorer ahd Tangaroa was measured 
electronically using Scanmar. 



Table 3a: Summary of how well surveys of the Chatham Rise met criteria listed in Table 1. (J, met criteria satisfactorily; ?, mostly met criteria; X, did riot meet 
criteria.) 

Survey 

Shinkai Maru 
Mar 83 

Jul86 
Amaltal Explorer 

Nov 89 
Tangaroa 

Jan 92 
Jan 93 
Jan 94 
Jan 95 
Jan 96 
Jan 97 
Jan 98 
Jan 99 
Jan 00 
Jan 01 
Jan 02 

Scores 

Design Area, 
depth 

Tow 
duration 

x 
J 

J 

d 
J 
J 
J 
J 
J 

J 
d 
d 
d 
J 
13 

Area Sum Aut 
swept 

Win Spr Time 
series 

Selectivity 

J? 
J? 

J? 

d 
J 
J 
I/ 
J 
J 
d 
J 
J 
d 
d 

11+ 

Otoliths 

J 
J 

x 

J 
J 
d 
d 
J 
J 
J 
d 
J 
J 
J 
13 

Length 
data 

J? 
J 

J 

J 
d 
J 
J 
J 
J 
J 
J 
J 
J 
J 

13+ 

Scores 

3-5 
5-6 

5-6 

8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 

Note: Italicised columns identify season of survey and are not added into the right-hand scores column 



Table 3b: Summary of how well surveys of the Sub-Antarctic met criteria listed in Table 1. (b', met criteria satisfactorily; ?, mostly met criteria; X, did not meet 
criteria.) 

Survey Design Area. Tow Area Sum Aut Win Spr Time Selectivity Otoliths Length Scores 
depth duration swept series data . 

Shinkai Maru 
Mar 82 b' / X X 
Nov 83 b' / X X 

b' b'? X '  x 4-5 
J X b'? b' b' 4-5 

Amaltal Explorer 
Dec 89 b' b' b' b' J b'. b'? X b' 6-7 
Ju190 / b' b' b' J X X X b' 5 

Nov 90 J / J / J X X X b' 5 
Tangaroa 

Dec91 
May 92 
Sep 92 
Dec 92 
May 93 
Dec 93 
Apr 96 
Apr 98 
Dec 00 
Dec 01 

Scores 

Note: Italicised columns identify season of survey and are not added into the right-hand scores column 



Table 48: Relative biomass estimates (t Ln thousands) of hoki in 200-800 m depths from Chatham 
Rise trawl surveys listed in Table 1. (ev. coe6ident of variation; 3tc all hoki aged 3 years and older.) 

Survey 1+ hoki 2+ hoki 3 i+ hoki Total hoki 

1+ year t C.V. 2+ year t C.V. t C.V. t C.V. 
class 

Shinkai Maru 

Mar 83 1981 

Oct 83 1982 

Jul86 1985 

Amaltal Explorer 

Nov 89 1988 

Tangaroa 

Jan 92 1990 

Jan 93 1991 

Jan 94 1992 

Jan 95 1993 

Jan 96 1994 

Jan 97 1995 

Jan 98 1996 

Jan 99 1997 

Jan 00 1998 

Jan 01 1999 

Jan 02 2000 



Table 4b: Relative biomass estimates (t in thousands) of hoki in 200-800 m depths fmm Sub- 
Antarctic trawl surveys listed in Table 1. (ev. coefficient of variation; 3++ all bold, aged 3 years and 
older.) 

Survey 1+ hold 2+ hold 3 ++ hold Total hold 

1+ year t C.V. 2+ vear t C.V. t C.V. t C.V. 

class 
Shinkai Mam 

Mar 82 1981 7.5 (85.7) 

Oct 83 1982 0.001 (100) 

Amnltal Explorer 

Nov 89 

Jul90 

Nov 90 

Tangaroa 

Dec 91 

May 92 

Sep 92 

Dec 92 

May 93 

Dec 93 

Apr 96 

Apr 98 

Dec 00 

Dec 01 



Table 5: Estimated population numbers (in millions) of hoki aged 8 years and older from Tangaroa trawl surveys of the Cbatham Rise 
and Sub-Antarctic. 

1983 1992 1993 1994 1995 1996 1997 1998 1999 2000 200 1 
Chatham Rise (March) 
Males 10.4 - - - - - 
Females 18.2 - - - - - - 

Chatham Rise (January) 
Males - .  1.1 2.2 2.2 1.1 1.3 4.3 1.8 1 .O 0.7 0.9 

Females 5.9 . 7.2 7.9 3.9 5.5 11.3 4.2 4.0 2.4 3.1 

Sub-Antarctic (October-November) 
Males 29.9 - - - - - 
Females 43.6 - .  - - - - - 

- 
Sub-Antarctic mecember) 
Males 4.0 8.6 8.1 - - - 5.6 - 
Females 9.0 18.2 20.6 - - - 115 

Sub-Antarctic (April) 
Males 4.2 - - 4.5 - 2.8 - 
Females 7.7 - - 10.7 8.6 - - 





Table 7a: Mean catch rates (kg.km'p of bycatch species from trawl surveys of the Chatham Rise. 

Big-eyed Dark Pale ghost 
rattail shark shark 

0* 38.14 224.35 
distance information unavailable 

Hake 

80.32 

67.62 
25.8 

26.53 
17.83 
20.49 
25.58 
19.39 
16.13 
19.95 
14.92 
17.78 
13.51 
14.6 

Hoki Javelinfish Ling Shovelnose 
dogtish 

Sea perch 

68.98 

83.74 
11.5 

23.3 
26.66 
27.33 
11.01 
21.17 
21.77 
27.16 
39.8 

32.02 
42.82 
51.25 

Rattails 

197.95 

498.23 
0.33 

0 
0 
0 
0 
0 
0 
0 
0' 
0 
0 
0 

Note: there may have been coding issues for species of rattail and ghost shark during early trips 



Table 7b: Mean catch rates (kg.km") of bycatch species from trawl surveys of the Sub-Antarctic. (* not identified.) 

Trip-code Big-eyed Dark ghost Pale ghost Hake Hoki Javelinfish Lookdown 
rattail shark shark dory 

SHI8201 distance information unavailable 
SHI8303 0 8.8 85.1 1 44.27 825.97 344.86 7.03 
AEX8902 0.78 2.51 50.78 9.38 215.99 48.9 2.66 
AEX9001 5.15 10.51 52.79 23.14 189.56 147.16 3.74 
AEX9002 1.72 3.2 22.47 11:15 23 1 74.65 2.72 

Ling Ribaldo Southern blue 
whiting 

Rattails 

Note: there may have been coding issues for species of rattail and ghost shark during early trips 



Table 8: Trends in abundance and results of analysis of key species from Tangma trawl surveys 
of the Chatham Rise, January 1992-2001. 

Species ' a (intercept) b (slope) R squared P 

All hoki 
Hake 
Lookdown dory 
Sea pemh 
Spiny dogfish 
Javelinf~h 
Hoki 3i-k 
Lemon sole 
Giant stargazer 
School shark 
Dark ghost shark 
Peruvian mackerel 
Arrow squid 
Hoki 2+ 
Orange perch 
Pale ghost shark 
Black orco 
Oblique banded rattail 
Alfonsino 
Oliver's rattail 
Hoki 1+ 
White warehou 
Red cod 
Big-eyed rattail 
Bmcouta 
Tarakihi 
Ribald0 
Silver warehou 
Ling 
Spiky ore0 
Shovelnose dogfish 
Hapuku 
Smooth ore0 

Significance 

**a 

*** 
*** 
*** 
*** 
*** ' 

*** 
** 
** 
** 
a* 

** 
* 
* 

nil 
nil 
nil 
nil 
nil 
nil 
nil 
nil 
nil 
nil 
nil 
nil 
nil 
nil 
nil 
nil 
nil 
nil 

nil 

*** highly significant, ** significant, * borderline significance 



Table 9: Mean surface and bottom temperatures CC) reported for main surveys. 

Chatham Rise 
Vessel Shinkai Maru Amaltal Tangaroa 

Explorer 

Year 1983 1983' 1986' 1989 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 
Month Mar Nov Jul Dee Jan Jan Jan Jan Jan Jan Jan Jan Jan Jan . Jan 
Surface temp. min 12.1 11.4 9.3 11.5 13.6 11.6 10.7 12.1 13.4 12.7 10.5 13.8 14.0 13.0 13.5 
Surface temp. max 17.4 . 14.2 13.3 16.1 17.9 16.3 16.0 16.5 17.1 16.0 16.2 19.2 17.5 18.3 18.5 
Bottom temp. min 4.6 5.7 5.1 5.8 6.6 5.4 5.2 6.0 5.6 6.6 5.4 5.7 7.2 5.7 5.3 
Bottom temp. max , 12.6 13.7 12.6. 11.2 11.5 10.5 11.3 10.5 11.2 9.9 10.4 10.5 10.4 11.7 11.1 

Sub-Antarctic 
Vessel Shinkni Maru Amaltal Explorer Tangaroa 

Year 1982 1983 1989 1990 1990 1991 1992 1992. 1992 1993 1993 1996 1998 2000 2001 
Month Mar Oct Oct Jul Nov Dec Apr Scp Dec May Dec Mar Apr Dec Dec 
Surface temp. min 8.7 6.9 7.5 6.8 8.0 7.7 7.5 7.1 7.9 7.1 7.9 8.2 7.2 8.3 6.7 
Surface temp. max 14.0 11.3 12.9 13.7 12.4 12.7 12.0 10.6 13.5 12.7 13.5 14.3 12.7 13.7 14.9 
Bottom temp. min 5.0 4.5 6.3 5.5 ' 5.4 4.8 nil nil nil 5.7 5.1 nil 5.9 4.8 3.1 
Bottom temp. max 12.0 10.8 11.6 11.8 10.3 9.3 nil nil nil 11.6 9.6 nil 7.9 10.8 11.4 

Note. Temperatures may be up to 2 degrees out as sensors on Tangaroa have not been calibrated. 



Table 10: L i t  of coastal surveys not specifically aimed a t  holti abundance estimation that provide some length frequency data from areas not covered by the 
main surveys. (ECSI, east coast South Island; WCNI, west coast North Island; WCSI, west coast South Island.) 

Trip code Survey type 

EAST COAST NORTH ISLAND 
KAH9301 scampi relative biomass series 
KAH9401 scampi relative biomass series 
W 5 0 1  scampi relative biomass series 
KAH9304 inshore relative biomass series 
-402 inshore relative biomass series 
KAH9502 inshore relative biomass series 
KAH9602 inshore relative biomass series . . 
NORTH ISLAND 
WNK8501 transect time series 
WNK8502 transect time series 
WNK8503 transect time series 

WNK8604 transect time series 
WNK8605 transect time series 
CENTRAL NEW ZEALAND, CHALLENGER 
PB08101 exploratory trawl survey 
KAH9204 . inshore relative biomass series 
KAH9404 inshore relative biomass series 
KAH9504 inshore relative biomass series 
-701 inshore relative biomass series 
SHI8102 jack mackerel trawl survey 
JC09104 exploratory juvenile hoki survey 

Area 

Bay of Plenty 
Bay of Plenty 
Bay of Plenty 
Cape Runaway to Wairarapa 
Cape Runaway to Wairarapa 
Cape Runaway to Wairarapa 
Cape Runaway to Wairarapa 

All around North Island 
All around North Island 
All around North Island 

All around North Island 
All around North Island 

Challenger. Campbell. WCSI 
West coast, Tasman Bay, Golden Bay 
West coast, Tasman Bay, Golden Bay 
West coast, Tasman Bay, Golden Bay 
West coast, TasmanBay, Golden Bay 
Taranaki Bight, WCSI 
WCSI, Challenger WCM 

Date Depth range 

Jan 1993 200-800 
Jan 1994 200600 
Jan 1995 200400 

Mar-Apr 1993 20-400 
FebMar 1994 20-400 
Feb-Mar 1995 2 W O  
.Feb-Mar 1996 20-400 

May-lull985 400-1200 
AugSep 1985 400-1200 
Nov 1985-Mar 400-1200 

1986 
Mar-Apr 1986 400-1200 
May-Jun 1986 400-1200 

Aug-Sep 1981 400-1000 
Mar-Apr 1992 20400 
Mar-Apr 1994 2C-400 
Mar-Apr 1995 20-400 
Mar-Apr 1997 2W-400 
Oct-Dec 1981 50-400 
Mar-Apr 1991 50-800 

Station Total Valid Number hoki measured 
occ. stations stns 

Hoki Total Core Males Females All 



Table 10 (continued) 

Trip code Survey type 

CHATHAM ISLANDS 
SHI8304 hoki and squid trawl survey 
AKE8401 barracouta trawl survey 
AKE8501 barracouta trawl survey 
EAST COAST SOUTH ISLAND 
KAH9105 
KAH9205 
KAH9306 
KAH9406 
KAH9606 
KAH9618 
KAH9704 
KAH9809 
KAH9917 
SOUTHLAND 
SHI8101 
SHI8302 
AKS8601 
TAN9301 
TAN9402 
TAN9502 
TAN9604 
SHI8601 

inshore relative biomass series 
inshore relative biomass series 
inshore relative biomass series 
inshore relative biomass series 
inshore relative biomass series 
inshore relative biomass series 
inshore relative biomass series 
inshore relative biomass series 
inshore relative biomass series 

squid trawl survey 
squid trawl survey 
strat. random trawl survey 
inshore random trawl survey 
inshore random trawl survey 
inshore random trawl survey 
inshore random trawl survev 

Area 

Chatham Rise east of 176" E 
Chatham Islands 
Chatham Islands 

Wairau River to Nugget P t  
Wairau River to Nugget P t  
Wairau River to NuggetPt. 
Wairau River to Nugget Pt. 
Wairau River to Nugget P t  
Wairau River to Nugget Pt. 
Wairau River to Nugget Pt. 
Wairau River to Nugget Pt. 
Wairau River to Nugget PL 

Southland, ~"ckland Islands 
Southland, Auckland Islands 
Southland 
Southland 
Southland 
Southland 
Southland 

inshore random trawl survey Southland (excl. Puysegur) 

Date Depth range Station Total Valid No. hoki measured 

Nov-Dec 1983 
Dec 1984 
Dec 1985 

May-Jun 1991 
May-Jun 1992 
May-Jun 1993 
May-Jun 1994 
May-Jun 1996 
Dec-Jan 1996 
Dec-Jan 1997 
Dec-Jan 1998 
Dec-Jan 1999 

Feb-Mar 198 1 
Apr 1983 
Nov 1986 

Feb-Mar 1993 
Feb-Mar 1994 
Feb-Mar 1995 
Feb-Mar 1996 

Jun 1986 

Hoki 

78 
25 
27 

8 
8 

16 
10 
34 
20 
14 
23 
13 

60 
32 
12 
22 
23 
22 
16 
12 

occ. stations sms 
Total Core Males Females All 



Table 10 (continued) 

Trip code Survey type 

SOUTH ISLAND 
WES7903 exploratory trawl survey 
WES7904 exploratory trawl survey 
WES7901 exploratory trawl survey 
WEB7902 exploratory trawl survey 
WES7905 exploratory trawl survey 

Area Date Depth range Station Total Valid No. hoki measured 
occ. stations sms 

(m) Hoki Total Core Males Females All 

All around South Island May -Jul 1979 50 -1000 51 181 31 60 65 8 955 
Sub-Antarctic Jul-Oct 1979 50-1000 136 213 168 4006 3 403 8774 
Sub-Antarctic, Chatham Rise Jan -Mar 1979 50 -1000 63 119 60 1818 1627 5022 
Sub-Antarctic. Chatham Rise, ECSI Mar -May 1979 50 -1000 32 166 48 708 911 3207 
Sub-Antarctic, Chatham Rise, ECSI Oct-Dec 1979 50-1000 102 248 205 4 805 5459 11 003 



(west coast South Island) (Cook Strait) 
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as late as 7 years 
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300-800 m depths) 

Figure 1: Current view of the life-cycle of hoki (modified after Livingston 1990). 



Western home 

Figure 2: A diagrammatic representation of the six areas used in the two-stock hoki model (after 
Cordue 2001). Solid arrows show assumed migration paths of juvenile hoki, and dashed arrows 
show migration paths between home grounds and spawning grounds. 
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Figure 3: Principal spawning, nursery and feeding grounds of hoki in New Zealand. 



Figure 4: Changes in relative abundance (biomass, left axis) of juvenile hold (1 and 2 year olds) 
and recruited hoki (3 years and older), and the numbers at age from otoliths readings (right 
axis), of recruited hold from Tangma &egs of the Chatham Rise, January 1992-2002. 

Figure 5: Changes in the relative abundance (biomass, left ax@, of juvenile hold ( 1 and 2 year 
olds) and recruited hoki (3 years and older), and the numbers at age (right axis), of recruited 
hoki from Tangaroa surveys of the Sub-Antarctic 1982-2000. (AU surveys from otoliths 
readings.) 
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F i r e  6a: Scaled length frequencies of male and unsexed hoki from Chatham Rise trawl surveys. 
(M, estimated male population; U, estimated unsexed population (hatched bars); c.v., coefficient 
of variation of the estimated numbers of fisb; n, number of f3sh measured; *, hoki originally 
measured in 2 em intervals - the data for each interval have been halved and plotted in 1 cm 
intervals to give comparability between plots.) 
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Figure 6a (continued) 
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Figure 6b: Scaled length frequencies of female hoki from Chatham Rise trawl surveys. @, 
h a t e d  male population; c.v., coefficient of variation of the estimated numbers of fslq n, 

: number of fish measured; *, hoki originally measured in 2 cm intervals - the data for each 
interval have been halved and plotted in 1 cm intervals to give comparability between plots.) 
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Figure 6b (continued) 
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Figure 7a: Catch rate distribution of hold from three pre-Tangaroa surveys of the Chatham Rise. 



Figure 7h: Catch rate distributions of hoki aged 3 years and older from Tangaroa trawl surveys 
of $he Chatham Rise, 1992-2002. F ied  circle is proportional to the maximum catch rate of 
11 177 kg.km'3. Open circles are zero catkh. 
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Figure 7b (continued) 
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Figure 8a: Scaled length frequencies of male and unsexed hoki from Sub-Antarctic trawl surveys. 
m, estimated male population; U, estimated unsexed population (hatched bars); cv., coefficient 
of variation of the estimated numbers of fish; n, number of fish measured; *, hoki measured in 2 
cm intervals - the data for each interval have been halved and plotted in 1 cm intervals to give 
comparability between plots.) 
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Figure 8a (continued) 
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Figure 8b: Scaled length frequencies of female hoki from Sub-Antarctic trawl surveys. (P, 
estimated female population; cv., coefficient of variation of the estimated numbers of fish: n, 
number of f s h  measured; *, hoki measured in 2 cm intervals - the data for each interval have 
been halved and plotted in 1 cm intervals to give comparability between plots.) 
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Figure 8b (continued) 
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Figure 1Za. Scaled length frequencies of male and unsexed hoki (hatched bars) from 

Figure 10a: Scaled length frequencies of male and unsexed hoki (hatched bars) from the north 
east coast, North Island Note: scale bars differ markedly. (M, number of males measured; 
U number of unsexed fuh measured.) 
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Figure lob: Scaled length frequencies of female from the north east coast, North Island. 
Note: scale bars differ markedly. (F, number of females measured.) 
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Figure l la :  Scaled length frequencies of male and unsexed hoki (hatched bars) from the south 
east coast, North Island. Note: scale bars differ markedly. (M, number of males measured; 
U number of unsexed fsh measured.) 
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Figure l l a  (continued) 
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F i e  I lb:  Scaled length frequencies of female hold from the south east coast, North Island. 
Note: scale bars differ markedly. (F, number of females measured.) 
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Figure 1lb (continued) 
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Figure 12a: 'Scaled length frequencies of male and unsexed hoki (hatched bars) from the west 
coast, North Island and Challenger Plateau. Note: scale bars differ markedly. (M, number of 
males measured; U number of mexed fish measured.) 

55 



West coast North Island 

CMlenger Plateau 

n n n 
0 10 20 30 40 50 60 70 80 90 1M) 110 120 

Total length (cm) 

Figure 12b: Scaled length frequencies of female from the west coast, North Island and Challenger 
Plateau. Note: scale bars differ markedly. (F, number of females measured.) 
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Figure 13a: Scaled length frequencies of male and unsexed hoki (hatched bars) from the west 
coast, South Island. Note: scale bars differ markedly. (M, number of males measured; U, number 
of unsexed f ~ h  measured.) 
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Figure 13b: Sealed length frequencies of female from the west coast, South Island. Note: scale 
bars d i e r  markedly. (F, number of females measured.) 
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Figure 14: Scaled length frequencies of hold (all were unsexed) from Tasman Bay and Golden 
Bay, South Island. Note: scale bars differ markedly. (M, number of males measured; U, number 
of fish measured.) 



Cook Strait 

mmrn 
M =  594 
U= 0 

0 - 0 10 20 30 40 50 60 70 80 90 100 110 120 
a 
3 
u Chatham Rise 

50-800 rn 
M=5134 

U=40 

ln 
G 

Total length (cm) 

Figure 15a: Scaled length frequencies of male and unsexed hoki (hatched bars) from Cook Strait 
and Chatham Rise. Note: scale bars diier markedly and number for shi8304 are scaled to 
population number in millions. W, numb.% of males measured; U, number of uosexed fish 
measured.) 
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Figure 15b: Scaled length frequencies of female hold from Cook Strait and Chatham Rise. 
Note: seale bars differ markedly and number for shi8304 are sealed to population number in 
millions. (F, number of females measured.) 
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Figure 16a: Scaled length frequencies of male and unsexed hoki (hatched bars) from east coast 
South Island.. Note: scale bars differ markedly. (* includes Mernoo Bank; M, number of males 
measured; U, number of unsexed f sh  measured.) 
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Figure 16b: Scaled length frequencies of female hold from east coast South Island. Note: scale 
bars differ markedly. (* includes Mernoo Bank; F, number of females measured.) 
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Figure 17a: Scaled length frequencies of.maIe and unsexed hoki (hatched bars) from Southland 
surveys. Note: scale bars differ markedly. (5M00 m, depth range of survey; M, number of males 
measured; U, number of unsexed Ssh measured.) 
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Figure 17b: Scaled length frequencies of female hoki from Southland surveys. Note: scale bars 
differ markedly. (50-800 m, depth range of survey; F, number of females measured.) 
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Figure 18a: Proportion of 1+ hoki out of total 1+ hoki caught by depth from Tangaroa surveys in 
Southland (size range 34-45 cm). 
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Figure 18b: Proportion of 2+ hold out of total 2+ hoki caught by depth from Tangaroa surveys in 
Southland (size range 45-60 cm). 



Appendix 1: Valid stations and strata used for extracting data from core depths of Shinkai M m  and AmalfalErplorer surveys. 

Trip-code No. valid Default Length-weight Stations excluded 
stations doorspread relationship 

Chatham Rise 

AEX8903 107 

118 

SHI8301 111 

127- 

SHI8304 84 

84 

SHI8602 94 

107 

Sub-Antarctic 

SHI8201 130 

218 

SHI8303 142 

184 

AEX8902 112 

125 

AEX9001 113 

119 

AEX9002 149 

177 

Strata excluded 

none 

none 

* recalculated 
Note: Valid stations over total number of stations completed in survey is given in column 2. 



Appendix 2. Stations and strata selected for core statlon information from Tangaroa swveys of Chatham Rise and Sub-Antarctic 
@B, Trawlsurvey Database.) 

Trip code No. valid Default ~xclusions, conditions No. core Excluded strata 
stations doorspread stations 

Chatham Rise 
TAN9106 184 all on DB statioeno !match 1181143 184 nil 
TAN9212 194 all on DB station-no !match 155 and gear@= 1/2 194 nil 
TAN9401 165 all on DB gea~qerf match 1/2 165 nil 
TAN9501 122 all on DB stationgo !match 7/45/66/76/106/ and 122 nil 

TAN960 1 
TAN9701 
TAN9801 
TAN9901 
TANOOOl 
TAN0101 
TAN0201 
Sub-Antarctic 
TAN9105 
TAN9204 
TAN9209 
TAN921 1 
TAN9304 
TAN93 10 
TAN9605 

all on DB 
all on DB 
all on DB 
all on DB 
all on DB 
all on DB 
all onDB 

126.5 
all on DB 
all on DB 

121.4 
123.1 
120.7 

all on DB 

all on DB 
all on DB 
all on DB 

categories match' 
stationgo !match 4/23/43/60 

s ta t io~no  !match 29/93 
gea~perf match l/2 

gear@= %and categories match 'RD' 
gea~perfmatch 1/2 

categories match 'P*' and gearg;erf < 3 
categories match 'RDP2' and gearserf< 3 

station-no !match 23 
station-no !match 79/81/93 

station-no !match 13 
station-no !match 3/13 1 and gearserf = 1/2 

stationso !match 3 
station-no !match 33/72/139/1401141 

geacperf match 1/2 

geargerf match 1/2 
gearserf= Hand geauneth = 01 

gear* match 112 

nil 
nil 
nit 
nil 
21 
nil 
22 

3 
nil 
nil 

3, 17 
nil 

3.17 
18, 18a.19, 19a, 20, 

20a, 21,21a, 22,22a 
25.26.27.28 
25.26.27.28 
25.26.27.28 


