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EXECUTIVE SUMMARY 

Stevens, D.W.; Livingston, M E  (2003). Trawl survey of hoki and middle depth species on the 
Chatham Rise, January 2002 pAN0201). 

New Zealand Fisheries Assessment Report 2003119.57 p. 

The eleventh trawl survey in a time series to estimate the relative biomass of hoki and other middle 
depth species on the Chatham Rise was completed in January 2002. Using a random stratified 
sampling design, 104 phase 1 stations, and 3 phase 2 stations in core depths of 2CO-800 m were 
successfully completed. Jn addition, three phase 1 stations were completed in a new stratum to 
estimate hake biomass in 800-1000 m depths on the northwest Chatham Rise. The results showed 
that the total biomass of hoki in core depths was 23% higher than in January 2001, mostly due to 
above average recruitment of 1+ hoki (2000 year class) to the survey area. The biomass of hold 3 
years and older was also higher due to recruitment of the 1998 year class into this plus group. Despite 
these increases, total hoki biomass remains at a relatively low level (40% of the highest estimate in 
1993) within the time series. 

The biomass of hake in core strata was close to that of January 2001 and the biomass of ling was 
about 10% higher. The biomass of hake in the new stratum was relatively high and formed 18% (338 t) 
of the total hake biomass. 

Coefficients of variation (c.v.s) achieved for total hold and hake were lower than target c.vs. Phase 2 
stations to reduce the C.V. for 2+ hold achieved a final C.V. of 21.3% This was fractionally higher than 
the target of 2096, and was due to the very low abundance and patchy distribution of the 1999 year class. 

Age fkquency distributions of hake suggest low recruitment since the mid 1990s, and those of ling 
indicate moderate recruitment during the late 1990s; 

It is too early to know if relative biomass estimates of hoki and hake in 2002 signal a levelling off in the 
downward trend observed within the time series. The biomass estimates of other species, notably 
lookdown dory, sea perch, and white warehou, continued theiu upward trend, but that of spiny dogfish 
may be levelling out. Dark and pale ghost shark species and silver warehou continued to show no trend 
in biomass levels. 



1. INTRODUCTION 

In January 2002, the eleventh in a time series of annual random trawl surveys on the Chatham Rise to 
estimate relative abundance indices for hob and a range of other middle depth species was completed. 
This and all previous surveys in the series were carried out from the R.V. Tangaroa and form the most 
comprehensive time series of species abundance in water depths of 200-800 m in New Zealand's 200 n. 
mile Exclusive Economic Zone. The surveys followed a random stratified design, with stratification by 
depth and longitude across the Chatham Rise to ensure full coverage of the area In 2002, the 
wcation used was the same as that in 2001 (Stevens et al. 2002) in core depths of 200-800 m. A 
new stratum in 8WlMW) m depths was sampled along the noahwestem slopes to investigate hake 
abundance and distribution. 

Previous surveys in this time series were documented by Horn (1994a, 1994b). Schofield & Horn 
(1994), Schofeld & Livingston (1995, 1996, 1997), Bagley & Hunt (1998). Bagley & Livingston 
(2000), and Stevens et al. (2001,2002). Trends in biomass and changes in catch and age distribution of 
31 species h m  these surveys were reviewed by Livingston et al. (2002). Hoki dominated the catches in 
every survey, and formed 5366% of the total biomass from 1992 to 1997. In subsequent years, 
however, the proportion of hoki decreased to 29% as the biomass estimate dropped steadily h m  about 
160 MX) t in 1997 to 60 300 t in 2001 (Livingston et al. 2002). Hake, another priority species in this 
research programme, also showed a steady decline in biomass within the time series, and ling was 
variable showing no trend &ivingston et al. 2002). 

The 2002 survey results presented here continue the Chatham Rise trawl survey series as part of along- 
term research programme to estimate the abundance of hoki and other middle depth species for stock 
assessment As well as abundance, the survey provided fishery independent data on the population size 
structure of these species, and their catch distribution across the Chatham Rise. Otoliths from a range of 
Individual Transferable Quota (lTQ species were collected for ageing and use in stock assessments 
(Annala et al. 2002). Other work carried out concurrently with the survey included acoustic data 
collection (Objective 3 below) documented elsewhere (O'DriscoU 2002). 

1.1 Project objectives 

The specific objectives for the project (HOK2002KJ2) were as follows. 

1. To continue the time series of relative abundance indices of recruited hoki (eastern stock), 
hake (HAK 4), and other middle depth species on the Chatham Rise using @awl surveys. The 
survey design will be optimised for hake (target C.V. of 20%) with target C.V. for rec~ited 
hoki of 15%. 

2. To determine the relative year class strengths of juvenile hoki (1, 2, and 3 year olds) on the 
Chatham Rise, with a target C.V. of 20% for the nlimber of 2 year olds. 

3. To study the vertical and horizontal distribution of hoki juveniles and adults using acoustic 
methods to determine the validity of the trawl survey methodology. 

4. To determine the population proportions at age for hoki and hake on the Chatham Rise using 
otolith samples from the trawl survey. 

This report presents the results of Objectives 1.2, and 4. 



2. METHODS 

2.1 Survey area and design 

As in previous years, the survey followed a two-phase random design (after Francis 1984). The main 
survey area, 200-800 m depths (Figure 1, top panel), was divided into the same strata used in 2001 
(Stevens et al. 2001). The new 800-1000 m stratum (stratum 22) was located along the northwest flank 
of the Chatham Rise (Figure 1, top panel). Phase 1 station allocation was optimised to achieve a target 
C.V. of 20% for hake, with target c.v.s for 2+ hoki of 20% and m i t e d  hoki of 15%. Stratum areas and 
catch rates from previous surveys in the series were used in a bootstrap simulation to allocate phase 1 
stations to shata with high catch rates of key species, based on the same principle as the phase 2 station 
allocation of Francis (1984). A minimum of 120 random stations was planned for phase 1. Time for a 
further 10 stations for phase 2 was retained to improve the C.V. for key species or hoki age classes if 
required. 

All station positions were determined using the NIWA Random Stations Generation Program (version 
1.6). Mid-tow positions were always separated by a minimum of 3 n. miles. 

2.2 Vessel specifications 

RV Tangaroa is a purpose-built research stern trawler with the following specifications: length overall, 
70 m; beam. 14 m; gross tonnage, 2282 t; power, 3000 kW (4000 hp). 

2.3 Gear specifications 

The trawl gear was the same as that used on previous Tangaroa surveys in this series, i.e., an eight-seam 
hoki bottom trawl with a 58.8 m groundrope, 45 m headrope (see H m t  & Bagley 1994 for the net plan 
and rigging details) and a codend mesh size of 60 mm. It was rigged with 100 m long sweeps, 50 m 
bridles, and 12 m backstrops. The trawl doors were Super Vee type with an area of 6.1 m2. 

2.4 Trawling procedure 

Stations for the biomass survey were carried out during daylight, i.e., between sunrise and sunset 
(earliest start time, 0430 h, latest f ~ s h  time, 1952 h NZST). If time was nmning short at the end of the 
day, the vessel steamed towards the last station and the trawl gear was shot in time to ensure completion 
of the tow by sunset, as long as 50% or more of the distance between stations had been completed. At 
each station it was planned to tow for 3 n. miles at a speed of 3.5 knots over the ground. If a station 
occurred in an area of foul ground then the area within 3 n. miles of that position was searched for 
trawlable bottom. If suitable ground was not found, the station was abandoned and another random 
position chosen. If foul ground was encountered during trawling, the station was considered invalid if 
less than 2 n. miles of the tow had been covered during the tow. Tows less than 2 n. miles long were 
replaced with another random station in the same stratum The average speed over the ground was 
calculated at the end of each tow. 

The doorspread and headlme height were recorded every 5 minutes during each tow (from the Scanmar 
system .and either the Kaijo Denki or Furuno net monitor, respectively) and an average was calculated. 
Gear configuration was maintained as consistently as possible during the survey and within the ranges 
described as optimal by Hurst et al. (1992). Gear configurations outside this range were identified by a 
gear performance code of 3, but these tows were considered for inclusion in the biomass analysis if, for 
example, the violation was not severe, or if the number of stations in a stratum was at the minimum 



2.5 Hydrology 

The Chatham Rise hydrology is characterised by the presence of the Subtropical Front (STF) that lies 
more or less east-west along the crest of the Rise. The precise location of the STF is difficult to 
ascertain, but, Subtropical Water to the north is typically warmer than the SubAntarctic water which 
lies south of the STF. Water temperature data collected from the surface and seabed were used to 
determine the distribution of these. water masses during the survey. Surface temperatures were obtained 
at the startof each tow from a temperature. sensor mounted on the hull at a depth of about 5 m. Bottom 
temperatures were obtained from the average of recordings taken every 5 minutes from the Funmo net 
monitor mounted on the trawl headline about 6.5 m above the seabed during hawling. Surface and 
bottom temperatures were plotted to estimate isotherm characteristics of the Chatham Rise and ascertain 
which water masses were charactwising the area during the survey. 

Where time permitted, (;TD drops were conducted to obtain temperahue and salinity depth profiles and 
to calibrate the hull mounted and net monitor sensors. 

2.6 Catch sampling 

The catch at each station was sorted into species and weighed on motioncompensating electronic scales 
accurate to f 0.3 kg. For large catches of mixed rattails, the weights of individual species were estimated 
by subsampling, i.e., a subsample was sorted and weighed by species and the total catch was scaled 
according to the percentage weight of each species in the subsample. 

From each tow, samples of up to 200 hoki and 50-200 of other commercial species were randomly 
selected from the catch to measure length (to the nearest centimetre) and determine sex Up to 20 
specimens of hoki, hake, and ling were selected fromthe length fwpency sample for detailed biological 
analysis and otolith removal. Data collected included length (to the nearest millimetre), weight, sex, 
gonad stage and weight, stomach fullness, stomach contents, and prey digestion state. 

Length, weighf and sex data were collected from all ITQ species and most commercial species. Length- 
weight relationships were calculated for key species: hoki, hake, ling, darkghost shark, pale ghost shark, 
giant stargazer, lookdown dory, sea perch, silver warehou, and white warehou, to enable accurate 
scaling of the length frequency histograms for these species by population number. Length, weight and 
on occasion, sex data, were collected from other species when they were an kqortant component of the 
catch. The list of species in this category was more extensive than in previous years to facilitate 
interpretation of acoustic recordings collected during and between tows (O'Driscoll 2002). More 
extensive sampling from the last tow of the day before any night tows (which were also sampled 
extensively) to improve interpretation of acoustic data was carried out (O'Driscoll2002). 

Otolith from hoki and other middle depth species were routinely collected for other studies on age 
and growth. Hoki, hake, and ling otoliths were routinely aged using the break and burn method of Horn 
& Sullivan (1996). Population estimates of numbers of fish at age were calculated by applying 
proportions at age in each 1 cm length class to the length frequency using software developed by NlWA 
(Wellington). 

2.7 Data analysis 

Relative abundance (i.e., biomass expressed as tomes) was estimated by the areaswept method of 
Francis (1984, 1989) using valid stations only (i.e., gear performance of 1 or 2 only, except in unique 
circumstances such as those described at the end of Section 2.4). Coefficients of variation were 
calculated as a measure of the precision of the biomass estimates, as follows: 
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where SB is the standard error of thebiomass (B). 

The catchab'ity coefficient (an estimate of the proportion of fish in the survey area available to be 
caught in the net) is the product of vulnerab'ity (v), vertical availability (k), and areal availability (& 
as defined by Francis (1989). These factors were all set to 1 in these analyses, assuming that fish were 
randomly distributed over the bottom within a stratum; fish distribution did not extend above the 
headline height of the net; all fish in the path of the doors were caught; and the herding effect of the 
doors, sweeps, and bridles was constant. 

Length frequencies scaled to population estimates and biomass estimates were calculated using the 
Trawlsurvey Analysis Program, version 3.2 (Vignaux 1994). The data from each station were scaled by 
the percentage of the catch sampled (to represent each catch) and by the ratio of the area swept to 
stratum area (to represent the total population). A fuxther correction (usually minor) was made to ensure 
that the biomass calculated from the scaled length frequencies equated to the biomass calculated from 
catch data. Total biomass and biomass by stratum for 1+, 2+, and 3++ (a plus group of hoki aged 3 years 
or more) age classes of hoki were also calculated using the Trawlsurvey Analysis Programme using 
length kequency data to estimate appropriate length ranges of each age class. 

Catch distributions, length frequencies, and numbers at age of hoki, hake, and ling, were plotted as a full 
time series. Catch distributions and length frequencies for eight other key species (dark ghost shark, pale 
ghost shark, giant stargazer, lookdown dory, sea perch, silver warehou, spiny dogfish, white warehou) 
were plotted for this survey only. These species were selected because they are commercially important, 
and the trawl survey samples most of their depth distribution. Other species, such as black oreo, are also 
commercial and relatively abundant on these surveys, but their depth distribution extends well beyond 
that sampled by the survey and the data are not representative of the full population. 

The relative biomass estimates from the entire time series were plotted for hob, hake, ling and the other 
8 key species listed above, to indicate trends and variab'ity in the abundance indices. 

3. RESULTS 

3.1 2002 survey coverage 

The survey successfully sampled all strata, with a total of 110 valid biomass stations out of 169 tows 
completed. Of these, 107 stations were in core strata (200-800 m depths), including 104 from phase 1 of 
the survey and 3 from phase 2. The phase 2 stations were allocated to stratum 8b to improve the C.V. 

for 2+ hoki. The other three stations were in the deep water stratum 22 (Table 1 and Figure 1, middle 
panel). 

In addition to the 110 valid stations, 15 acoustic night stations were canied out (13gure 1, bottom panel) 
The remaining 44 stations could not be used due to incorrect warp depth ratio settings on the gear (41) 
and foul ground (3). Individual station data of all stations, including non-valid tows, foul tows, and night 
tows are given in Appendix 1. 

Doorspread readings were recorded from 100 of the 110 valid biomass stations (Table 2). The missing 
readings were substituted with mean values kom the appropriate 200 m depth zones obtained during the 
survey (Table 2). 

Station density ranged from 1288 in stratum 17 (200-400 m, Veryan Bank) to 1:3772 Ianz in stratum 4 
( m 0 0  m, south Chatham Rise). Mean station density for core strata was 1:1303, and over the full 
survey area was 1:1335 &. 
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3.2 Gear performance 

Gear configuration for valid biomass tows was relatively constant over the 200-1000 m depth range. 
Mean doorspread measurements by 200 m depth intervals ranged from 117.5 to 120.8 m and mean 
headline height ranged from 6.2 to 6.7 m, and were all within the optimal range (Hmt et al. 1992) 
(Table 2). although they were on average, slightly lower than previous years. Individual doorspread 
measurements ranged from 93.0 to 133.1 m and the optimal range (100-130 m) was exceeded slightly 
on only 6 of 100 occasions. These stations were included in the biomass estimations because the 
deviation was slight, and were needed to meet the requirement of a minimum number of three stations 
per StrahlrIL 

3.3 Hydrology 

Four CTD drops were completed during the survey. The results indicated that the hull-mounted 
sensor was reading about 2' C above the CI?) temperatures near the surface. More extensive CTD 
sampling in the Sub-Antarctic one month before our survey showed that Cl"D bottom temperature 
readings were similar to those obtained from the net monitor (within 0.2 OC), but readings from the 
hull-mounted surface temperature sensor were also about 2 "C warmer than those recorded from 5 m 
depth with the CTD (O'Driscoll & Bagley 2003). However, the surface temperature records were not 
corrected for this difference as the variability in the discrepancy between the hull sensor and the CTD 
is unknown. 

Surface temperatures were recorded at all 110 valid tows and ranged from 13.5 to 18.5 'C 
(uncorrected, Figure 2 top panel). Bottom temperatures were recorded for 108 valid tows and ranged 
from 5.3 to 11.1 'C (Figure 2, bottom panel). 

As in previous years, higher surface temperatures were associated with Subtropical water to the 
north. Lower temperatures were associated with Sub-Antarctic water to the south. Higher bottom 
temperatures were generally associated with shallower depths to the north of the Chatham Islands and 
to the east of the Memoo Bank. The location of the STF, typically determined by close isotherms at 
the surface, was illdefined during this survey (Figure 2). A slightly steeper thermal gradient was 
apparent in bottom isotherms to the north of Memoo Bank (Figure 2) but this may not reflect the 
location of the STF. 

3.4 Catch composition 

One hundred and ninety-six species or species groups were recorded from the 110 valid biomass tows: 
100 teleosts, 28 elasmobranchs, 20 crustaceans, 11 cephalopods, and 2 agnathans, the remainder 
consisting of assorted benthic and pelagic organisms. A full list of species caught, and the number of 
stations at which they occurred, is given in Appendix 2. 

The total catch was 139.7 t, of which 43.7 t (31.3%) was hoki, 12.3 t (8.8%) was black oreo, 11.3 t 
(8.1%) was javelinf~sh, 8.4 t (6.0%) was big-eye rattail, 7.3 t (5.2%) was dark ghost shark and 5.1 t 
(3.7%) was ling (Table 3). 

3.5 Biomass estimates 

Relative biomasses, with c.v.s for hoki, hake, and ling well within target levels, were estimated for 45 
species (Table 3). Phase 2 stations resulted in an overall drop in hoki c.v. from 14.2 to 11.4%. but the 
C.V. for 2+ hoki at 21.2% remained slightly above the target of 20%. largely because of the patchy 
distribution of the weak 1999 year class (2+). High c.vs (over 20%) occurred when species were not 
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well sampled by the gear; for example, silver warehou and alfonsino are pelagic and exhibit strong 
schooling behaviour. Others, such as smooth ore0 and barracouta, are mainly distributed outside the 
survey depth range. 

The combined biomass for 45 species in core strata (Table 3) in 2002 was higher than in 2001, and 
close to that of 1997 (Figure 3, top panel). Hoki biomass was higher than in 2001, and, as in previous 
years, it was the most abundant species caught (Table 3). However, as a proportion of the total, hoki 
remained at a similar level to 2001 (Figure 3, lower panel) with most of the increase in overall 
biomass coming from other species. Black oreo, dark ghost shark, ling, sea perch, white warehou, 
silver warehou, alfonsino, pale ghost shark, giant stargazer, smooth oreo, spiky oreo, and hake were 
the next most abundant species after hoki, each with an estimated biomass greater than 1500 t. The 
most abundant commercial non-lTQ species were lookdown dory, spiny dogfish, and shovelnose 
dogfish. A substantial biomass of noncommercial species, primarily rattails, was also estimated 
(Table 3). 

The downward mad in hoki biomass levelled off in 2002, with an estimated value of 74 400 f slightly 
higher than in 2000 (Table 4). The increase in hoki biomass was due to above average recruitment of 1+ 
fish, and growth of the older hold (Table 5). The 2+ coho~t was very weak with a similar value to that 
of the 1989 year class at 2+ (Table 5). Hake and ling biomass were similar to those in 2001, but the 
extra stratum (800-1000 m) yielded a further 338 t of hake, increasing the total hake biomass by 21% 
(see Table 4). Estimates of biomass by stratum for hake, ling, and eight other key species show a similar 
distribution to last year's survey flable 6). 

Trends in abundance for hoki, hake, ling, and eight other species over the full time series showed that 
although the results in 2002 are encouraging for hoki and hake, the overall trends remain downward 
(Figure 4). Increasing biomass trends continued for sea perch, lookdown dory, and white warehou, but 
the upward trend for spiny dogfish has levelled off v~gure  4). Ghost shark species, giant stargazer, ling, 
and silver warehou showed no particular trend (Fgure 4). 

3.6 Catch distribution 

Hoki 

In the 2002 survey, boki were caught at 108 of the 110 valid biomass stations, but the highest catch rates 
were in shallow strata (200-400 m) along the crest of the Rise, reflecting the relatively high proportion 
of 1+ fish this year (Table 7, Figure 5a). Although the largest individual 2002 station catch rate of hold 
(6810 kg.lan2) occurred on the Veryan Bank (stratum 17) and comprised mainly 1+ fish, the east-west 
distribution of this age class was more even than observed in earlier years (Figure 5b). The 1+ year class 
was more abundant in the shallow strata (200-400 m) and 81% of the 1+ biomass occurred in strata 17, 
18, 19, and 20 (Figure 5b, Appendix 4). Only very small numbers of 2+ hoki were caught, often mixed 
in with schools of 1+ hoki, in strata 17-20 (Fi'igure 5c, Appendix 4). Older hoki in the 3++ plus group 
were dishibuted in 200-800 m depths throughout the survey area (Appendix 4). but catch rates were 
higher in the east (Figure 5d). 

As hoki catch rates have declined, catch distribution patterns have changed. In early years, catch rates of 
hoki, particularly the 1+ and 2+ age classes, were higher in western strata. Older fish were generally 
more evenly distributed, although during the 1992 and 1993 surveys, large catches of 3++ hoki were 
taken in the western strata (Livingston et al. 2002). 



Hake 

In 2002 catch rates of hake were low, with the highest catch rates northwest of the Chatham Islands 
where hake spawn at this time of year, and strata at the western end of the Chatham Rise (Table 7, 
Elgure 6). Strata 8a, 10a, lob, l la ,  llb, and l l c  near the Chatham Islands contributed 25% of hake 
biomass, and strata 1,7,8a, 16,18, and 22 around the Mernoo Bank contributed 42% (Table 6). Stratum 
22 (800-10001x1) added a further 338 t to core depth biomass, contributing 18% to the total hake 
biomass. The largest catch of hake was 190 kg.kniZ from stratum l l a  in the hake spawning area. Few 
hake were taken at depths of 20@400 m. The decline in hake catch rates over the time series is seen in 
F~gure 6; since 2000, almost no hake have been caught along the south side of the survey area. 

Ling 

Catches of ling were caught fairly evenly in most strata over the Chatham Rise between 200 and 600 m 
in the 2002 survey, with the exception of stratum 19 which always has low catches of ling (Table 7, 
Figure 7). The largest catch (395 kg.kai2) was taken in stratum 9, north of the Chatham Islands. Ling 
distribution has been reasonably consistent, and catch rates have remained relatively stable over the time 
series. 

Other species 

As with previous surveys, lookdown dory, sea perch, spiny dogfish, and giant stargazer were widely 
distributed across the survey area and taken in large quantities at depths of 200-600 m (Table 7, Figure 
8). Bigeye rattail, Oliver's rattail, and javelinfish (not shown), were also widely distributed but 
generally taken in water deeper than 400 m. Dark ghost shark occurred mainly in 20043l m depths 
with one large catch (2076 kgK') taken in stratum 17 on Veryan Bank Pale ghost shark were mostly 
taken at depths greater than 400 m. Silver warehou and white warehou were patchily distributed and 
predominantly taken at depths of 2O0-400 m, with occasional large catches taken from the Veryan Bank 
and101 stratum 19, to the east of the Memw Bank (Figure 8 and Tables 6,7). 

3.7 Biological data 

3.7.1 Species sampled 

The number of species and the number of samples for which length and detailed biological data were 
collected were much greater than in previous years (Table 8). This was largely due to the additional 
data required to interpret acoustic recordings. 

3.7.2 Length frequencies and age distributions 

Length-weight relationships used in the Trawlsurvey Analysis Program to scale length frequencies are 
given in Table 9. The length and age frequencies shown represent the population structure, as sampled 
by the bottom trawl, for the survey area in 2002. 

Hoki 

The 1+ age class of hoki (less than 52 cm) dominated scaled length frequencies and age frequencies in 
the 2002 survey 9 and 10). Numbers of 2+ hoki (5260 cm total length) were very low. 



The decline in biomass over time is reflected in the decline of the number of older hoki within the time 
series. Intermittent recruitment pulses dominated length frequencies and numbers at age over the time 
series ~tgures 9 and 10). Although recruitment was above average in the 1997, 1998, and 2000, the 
numbers of fish at age in these year classes are considerably lower than observed in the pulse of strong 
recruitment observed in 1991-1994 (Figures 9 and 10). 

Hake 

Hake scaled length frequencies and calculated numbers at age (Figures 11 and 12) comprise mainly 
medium to large individuals of at least 7 years of age co~~esponding to strong juvenile recruitment to the 
survey area during the mid 1990s. The time series does not appear to be a particularly good indicator of 
1+ and 2+ age class strength and may be indicative of reduced selectivity or later recruitment from 
outside the survey area Juvenile recruitment to the survey area has been very poor for the last 3 years. 

Ling 

In contrast to hake, ling scaled length frequencies and calculated numbers at age comprise mainly 
medium sized individuals of 4-7 years, which corresponds to several years of strong recruitment duting 
the late 1990s 13 and 14). The time series is a poor indicator of 1+ and 2+ age class shngth 
and like hake, may be indicative of reduced selectivity or availabiity in the survey area 

Other species 

Length frequency distributions for sea perch, silver warehou and white warehou, indicate that males 
grow to a similar maximum size, and have a similar distribution to females (Figure 15). As with 
previous surveys, silver warehou and white warehou length frequencies were each characterised by a 
very strong age class centred at about 33 and 36 cm respectively. Based on age and growth studies these 
are 1 year old fish (Horn & Sutton 1996, Horn 1999). The length frequency distribution of sea perch 
was V i a l  with peaks at about 23 and 30 cm, corresponding to fish aged about 5 and 10 years 
respectively (Paul &Francis 2002). Most of the alfonsino and oreos caught (not shown) were also pre- 
recruits. 

Length frequencies of lookdown dory, giant stargazer, spiny dogfish, dark ghost shark, and pale ghost 
shark indicate that females grow larger than males. There were no clear modal peaks corresponding to 
individual year classes in the length frequencies of these species (Figure 15). 

3.7.3 Reproductive status 

Gonad stages of hake, hoki, liig, sea perch, and small numbers of other species are summarised in Table 
10. Hoki were either resting or immature; adult hake were running ripe (68% of males and 47% of 
females, stage 5) and ripening to partially spent (stages 3-6); adult ling showed 47% of males and 2% of 
females with developed gonads; a large number of adult sea perch were also running ripe pable 10). 
Adults of most other species were resting. 

3.7.4 Sex ratios 

Overall sex ratios calculated from male and female population numbers given on length frequency 
histograms (Figures 9a, 9b, lla,  llb, 13a, 13b, 15) were 1:1.3 (males to females) for hoki, with more 
females (1:1.5) at 4W-600 rn increasing to 1:4.2 in 600-800 m Sex ratios were about even for most 
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other species, except for spiny dogfish which was also predominantly female (sex ratios exceeded 
1:l.s). 

I 4. DISCUSSION 

The 2002 survey successfully continued the January Tangaroa time series in spite of the initial problems 
with incorrect warp to depth ratios and the resulting loss of 41 tows. A total of 110 valid biomass tows, 
including 3 tows in the deeper 800-1000 m strata (stratum 22), and 15 acoustic tows were completed 
with no days lost to bad weather. 

The survey C.V. of 12.3% achieved for adult hoki was well within the target precision level of 15%. The 
C.V. of 15.3% for hake was also within the target C.V. of 20%. The C.V. far 2 year old hoki was 21.3% 
and was slightly higher than the target C.V. of 20% due to the very low numbers and patchy distribution 
of this year class. Even with more phase 2 tows, it is unlikely that the C.V. of 2+ hoki would have been 
reduced much further. 

The estimated total biomass of hoki was 23% higher on than the previous survey, in part due to above 
average reCTUitment of the 2000 year class (1+ hoki) to the survey area. The biomass of the 1999 yeat 
class (2+ hoki) was very low as predicted by the weak recruitment in 2001. The biomass of 3 u  hoki 
was 42% higher than in 2001 due to recruitment of the 1998 year class (3+ hob) into this plus group. 
Although the total hob biomass was higher than in 2001, it remains at a relatively low level within the 
overall time series. 

The biomass of hake in core strata was about the same as on the 2001 survey and remains at the lowest 
level since the time series began in 1992. Although the trawl survey does not appear to sample 1-2 yeat 
old hake well, wauitment since 1998 has been poor compared with 1993-97 (see Figure 12). The hake 
biomass at 800-1000 m depths on the northwestem slope (stratum 22) was relatively high and 
constituted 18% of the overall hake biomass. This is in contrast to the nottheastern slope sampled during 
the 2000 survey (stratum 21). which contributed only 3% to the overall biomass. 

The biomass of ling in core strata was similar to that in 2001 and has remained relatively stable 
throughout the time series. Although the trawl survey does not sample 1-3 year old ling well (see Figure 
14), a peak at age 4-7 years shows that there has been good recruitment in recent years. 

5. CONCLUSIONS 

The survey in 2002 extended the time series into its eleventh year and provided comparable abundance 
indices for hoki, hake, and ling that have been used for stock assessment. The levelling off in the 
declining trends for both hoki and hake is encouraging, but unless stronger recruitment is seen in the 
next few years, the biomass of these species may decline further at current rates of exploitation. ' 
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Table 1: Stratum description and valid stations completed. (-, no stations) 

Total 

Location 

NWchathamRise 
NW Chatham Rise 
NE Chatham Rise 
Matheson Bank 
SE Chatham Rise 
SE Chatham Rise 
sw Chatham Rise 
NW Chatham Rise 
NW Chatham Rise 
NW Chatham Rise 
NEChathamRise 
NE Chatham Rise 
NE Chatham Rise 
NE Chatham Rise 
NEChathamRise 
NE Chatham Rise 
NE Chatham Rise 
SE Chatham Rise 
SE Chatham Rise 
SW Chatham Rise 
SW Chatham Rise 
SW Chatham Rise 
Veryan Bank 
Mernoo Bank 
Reserve Bank 
ReserveBank 
NW Chatham Rise 

Area Number of stations 
(hd) Phase 1 Phase2 Total 

Station 
density 

(lan2) 

1:813 
1:1084 
1:2 834 
1:l 166 
1:3 772 

1:816 
1:2 755 

1:654 
1:1095 
1:l 144 
1:1284 
1:1479 
1:l 121 

1:989 
1:691 

1:l 114 
1:l 123 
1:1645 
1:l 670 
l:l976 
1:l 168 
1:1047 

1:288 
1521 

1:2 253 
1:1597 
1:2 452 

1:1335 

Table 2: Tow and gear parameters by depth range for valid biomass stations Values shown are sample size 
(n), and for each parameter the mean, standard deviation (s.d.), and range 

Tow parameters 
Tow length (n. miles) 
Tow speed (knots) 

Gear parameters 
200400m 

Headline height 
Dwrspread 

400-600 m 
Headline height 
Doorspread 

600-800 m 
Headline height 
Dwnpread 

800-1000 m 
Headline height 
Doorspread 

AU stations 2G1000 m 
Headline height 
Doorspread 



Table 3: Catch (kg) and total biomass (t) estimates (also by sex) with d ~ c i e n t  of variation (cv.) of ITQ 
species, other commercial species, and major non-commercial species in wre strata (200-800 rn depths); total 
biomass (t) and c v s  of stratum 22,800-1000 m depths. Total biomass indudes UIlSexed firh. (-, no data.) 

Common name 

ITQ species 
Hoki 
Black o m  
Dark ghost shark 
Ling 
Sea perch 
White warehou 
Silver warehou 
Alforsino 
Pale ghost shark 
Giant stargazer 
Smooth ore0 
Spiky oren 
Hake 
Slender mackerel 
Arrow squid 
Barracouta 
School shark 
Ribald0 
Red cod 
H a e b  
Tarakihi 
Lemon sole 
Trumpeter 
Bluewse 
Blue mackerel 
Frostfish 
Jack mackerel 
Black cardinalfish 
Rubyfish 

HOK 
BOE 
GSH 
L.IN 
SPE 
WWA 
SWA 
BYS 
GSP 
STA 
SSO 
SOR. 
HAK 
IMM 
NOS 
BAR 
SCH 
RIB 
RCO 
HAP 
TAR 
LSO 
TRU 
BNS 
EMA 
FRO 
IMD 
rn 
RBY 

- 
Catch 

kg 

43 657 
12 346 
7 302 
5 125 
3 648 
2 829 
2 726 
3 038 
2 199 
1 408 

478 
801 
983 
457 
337 
122 
192 
195 
282 
65 
27 
30 
6 

14 
2 
2 

10 
4 

0 2  

Biomass males 
t % C.V. 

Commercial non-ITQ species (wbere biomm > 30 t) 
look down do^^ LDO 4615 2727 12.5 
Spiny dogfish SPD 3 702 715 17.0 
Shovelnose dogfish SND 2580 2050 20.8 
Smooth skate SSK 1216 1013 23.4 
Ray's bream RBM 211 197 24.5 
Scampi SCI 34 43 23.2 
Redbait RBT 39 36 63.5 
Rough skate RSK 21 11 100 

Core strata 200-800 rn 
Biomass females Total biomass 

t % C.V. t % C.V. 

S t r a w  22 
Total biomass 

t % C.V. 

Non-commercial species (wbere biomass > 800 t) 
Javelinfish JAV 11 294 
Bigeye rattail CBO 8423 
Baxter's dogfish ETB 667 
Oliver's rattail COL 982 
Orange perch OPE 410 
Longnose chimaera LCH 438 
Banded bellowsfish BBE 609 
Oblique-banded ran. CAS 791 
Total catch (above) 124 315 
Grand total catch (all species) 139 660 



Table 4: Estimated biomass (t) with c&cient of variation below (96) of hob, hake, and ling sampled by 
annual trawl surveys of the Cbatham Rise, Jan- 1992-2002. stns, stations. -, no data. 

Year 

1992 

1993 

1994 

1995 

1996 

1997 

1998 

1999 

2000 

2001 

2002 

No. stns 

184 

194 

165 

122 

89 

103 

91 

100 

128 

119 

107 

Core strata 2W00 m 
Hoki Hake Ling 

8CO-1000 m 
No. stns Hold Hake Ling 

0 - 

0 - 
0 - - 
0 - 

0 - 

0 - 
0 

0 - 

4 411 62 18 
56 64 100 

0 

3 1955 338 0 
39 23 

Table 5: Relative biomass estimates (t in thousands) of hoki 200-800 m depths, Chatham Rise trawl surveys 
January 19922002. (cv. coe6icient of variation; 3++ all holti aged 3 years and older; *, indudes stratum 22 
800-1000 m). See Appendix 3 for length ranges of age darser 

Survey 

1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2002* 

1+ year 
class 

1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2000 

1+ hoki 

t % c.v 2+ year 
class 

1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
1999 

2+ hoki 

t % c.v 

3 ++ hoki 

t % c.v 

116.1 (7.8) 
150.1 (8.9) 
86.2 (9.0) 
69.0 (9.0) 

106.6 (10.0) 
92.1 (8.0) 
75.6 (11.0) 
67.0 (9.9) 
29.5 (9.3) 
35.7 (9.2) 
50.7 (12.3) 
52.6 (12.3) 

Total hoki 

t % c.v 



Table 6: Estimated biomass (t) and coefficient of variation (% c.v.) of hoki, bake, ling, and 8 other species by stratum (See Table 3 for species names.) 

Species code 
HOK GSH GSP HAK LDO LIN SPD SPE STA SWA WWA 

Stratum t 

I 
2a 
2b 
3 
4 
5 
6 
7 
8a 
8b 
9 
10a 
lob 
l la  
Ilb 
I lc 
Ild 
12 
13 
14 
15 
16 
17 
18 
19 
20 
22 
Total 

C.V. 

7 
32 
25 
14 
58 
45 
59 
28 
48 
40 
27 
54 
34 
88 
22 
23 
38 
38 
27 

8 
41 
29 
99 
29 
63 
3 1 
39 
11 

C.V. 

20 

12 

65 
94 
46 
55 

75 
50 
91 
68 
57 
17 

100 
79 
72 
57 
37 
28 
18 

11 

C.V. 

84 
58 
50 
65 
61 

40 
27 
72 
28 

17 
51 
41 
21 
62 
38 
33 
I1 
51 
16 
18 

100 

52 
44 
10 

C.V. 

45 
11 
64 
58 

82 

23 
54 
29 

100 
65 

100 
61 
52 
64 

100 
100 
56 
19 

100 
34 

68 
100 
100 
23 
13 

C.V. 

51 
33 
25 
26 
67 
17 

100 
16 
20 
31 
34 
61 
9 

37 
29 
9 

68 
36 
13 
55 
58 
45 
91 
20 
64 
25 

11 

C.V. 

57 
38 
55 
21 
50 
21 
50 
16 
28 
18 
61 

5 
37 
49 
17 
31 
25 
22 
21 
11 
39 
20 
81 
23 
95 
26 

8 

C.V. 

100 

24 

22 

53 
100 
35 
25 

29 
56 
35 
50 
44 
23 
52 
44 
26 
26 
14 
30 
16 

8 

C.V. 

25 
51 
26 

100 
31 

100 
42 
34 
36 
59 
17 
5 

38 
59 
51 
39 
32 
15 
33 
36 
44 
46 
32 
10 
21 

8 

C.V. 

100 
52 

100 
100 

46 

48 

41 
100 

100 
100 
74 

40 
22 
55 

100 
43 
14 
50 
61 
59 

16 

C.V. 

100 

68 

46 

100 
62 

66 

100 

62 
83 

1W 
72 

100 
46 
97 
78 

81 

C.V. 

39 

58 

100 
100 
77 
21 

100 

100 

100 
100 
88 
93 
98 
82 
35 
9 8  
44 
59 
42 

45 



Table 7: Catch rate (kg.km") and standard deviations (s.d.) of hoki, hake, ling, and 8 other species by stratum (See Table 3 for species names.) 

Species code 
Stratum HOK GSH GSP HAK LDO LIN SPD SPE STA SWA WWA 

t s.d. t s.d. t s.d. t s.d. t s.d. t s.d. t s.d. t s.d. t s.d. t s.d. t s.d. 

8a 
8b 
9 
10a 
lob 
Ila 
Ilb 
I lC 
l ld  
12 
13 
14 
15 
16 
17 
18 
19 
20 
22 



Table 8: Species and numbers of fish for which length, sex, and biological data were collected. -, unsexed 

Species 

Alfonsino 
Arrow squid 
Banded bellows fish 
Banded rattail 
Barracouta 
Baxter's dogfish 
Big-eye cardinal fish 
Big-eye rattail 
Black o m  
Blackspot rattail 
Blue mackerel 
Bluenose 
Bronze bream 
Common roughy 
Dark ghost shark 
Deepsea cardinal fish 
Deepsea flathead 
Deepwater skate (Notomja espentlo) 
Deepwater skate (N. spinifera) 
Frostfish 
Giant chimaera 
Giant stargazer 
Hairy conger 
Hake 
Hapuku 
Hoki 
Jack mackerel (Trachurur decIivir) 
Javelinfish 
Leafscale @per shark 
Lemon sole 
r i g  
Longnose chimaera 
Longnose deepsea skate 
Longnose velvet dogfish 
Lookdown dory 
Lucifer dogfish 
h h o r  dory 
Notable rattail 
Oblique banded rattail 
Oilfish 
Oliver's rattail 
Orange perch 
Orange roughy 
Pale ghost shark 
Pale toadfish 
Plunket's dogfish 
Prickly dogiish 
Ray's bream 
Redbait 
Red cod 

Len,& frequency data 
No. of No. of No. of No. of 

samples 

46 
79 
15 
6 
8 
13 
2 
68 
7 
1 
1 
6 
2 
3 
84 
2 
1 
2 
1 
2 
1 
82 
1 
97 
12 
164 
3 
79 
2 
15 
151 
21 
1 
7 

154 
20 

1 
1 

11 
1 

3 1 
10 
4 

117 
1 
1 
1 
42 
7 
39 

fish 

1064 
799 

2011 
298 
95 
562 
103 

5 386 
1294 

8 
1 
6 
4 

248 
4 268 

2 
1 
2 
1 

137 
3 

603 
4 

357 
19 

23 476 
8 

8 085 
4 
73 

2 696 
205 

1 
376 

7 172 
557 
5 
1 

811 
1 

2 366 
502 
25 8 

1695 
3 
2 
1 

218 
88 
365 

20 

males 

575 
443 

- 
55 
344 

1 
8 

693 

0 
3 

2 038 
2 
0 

1 
59 
3 

249 

177 
5 

8 968 
8 
3 
0 
31 

1232 
96 
0 

164 
3 151 
180 

1 

0 
1 

220 
117 
89 1 

2 
0 

105 
69 
215 

females 

488 
298 

- 

40 
209 

5 
601 

1 
3 
1 

2 125 
0 
0 
1 
0 
78 
0 

286 
- 

178 
14 

12 847 
0 
1 
4 
28 

1341 
109 

1 
212 

3 486 
205 
4 

9 
1 

28 1 
141 
778 

- 
0 
1 

113 
15 
128 

Biological data 
No. of No. of 

samples 

16 
0 
1 
2 
2 
6 
0 
8 
5 
0 
0 
5 
1 
0 
25 
0 
0 
0 
0 
1 
1 

46 
0 
94 
10 
149 
0 
8 
1 
2 

104 
4 
0 
1 
39 
3 
0 
0 
3 
1 
8 
2 
2 
43 
1 
1 
1 
7 
3 
5 

fish 

326 
0 

?A2 
95 
9 

143 
0 

247 
512 
0 
0 
5 
1 
0 

661 
0 
0 
0 
0 
56 
3 

399 
0 

352 
16 

2 969 
0 

566 
3 
14 

1735 
57 
0 
32 

1 146 
43 
0 
0 

339 
1 

179 
145 
21 
585 
3 
2 
1 
63 
53 
94 



Table 8 (continued) 

Species 

Ribald0 
Rough skate 
Scaly gumard 
Scampi 
School shark 
Sea perch 
Shovelnose dogfish 
Silver dory 
Silver mughy 
Silver warehou 
Silverside 
Slender cod 
Slender mackerel (T. symmemmcw) 
Smallscale bmwn slickhead 
Smooth oren 
Smooth skate 
Smoothskin dogfish 
Southern blue whiting 
Spiky ore0 
Spiny dogfish 
Swollenheaded conger 
Tarakihi 
Trumpeta 
Two saddle rattail 
White rattail 
White warehou 
Widenose chimaera 
Yellow cod 

Length frequency samples Biological samples 
No. of No. of No. of No. of No. of No. of 

samples fish males Females samples Fish 

Table 9: Length-weight regression parameters* used to scale length frequenaes 

Length 
Species a (intercept) b (slope) ? n range (cm) Data source 

Dark ghost shark 
Giant stargazer 
Hake 
Hoki 
Ling 
Lookdown dory 
Pale ghost shark 
Sea perch 
Silver warehou 
Spiny dogfish 
White warehou 

* W = a~~ where W is weight (g) and L is length (cm); 2 is the correlation coefficient n is the number of samples. 



Table 10: Numbers of fish measured at each reproductive stage8. 

Common name 

Alfonsino 

Big-eyed rattail 

Bluenose 

Giant stargazer 

Hake 

H a e b  

Hold 

Ling 

Lookdown dory 

Oilfish 

Ray's bream 

Ribaldo 

Sea perch 

Silver warehou 

Spiky ore0 

White warehou 

Reproductive stage 
Sex 1 2 3 5 7 

Male 0 
Female 0 
Male 0 
Female 0 
Male 1 
Female 0 
Male 15 
Female 3 
Male 8 
Female 5 
Male 1 
Female 1 
Male 160 
Female 134 
Male 148 
Female 159 
Male 0 
Female 0 
Male 0 
Female 0 
Male 0 
Female 0 
Male 1 
Female 0 
Male 79 
Female 64 
Male 2 
Female 0 
Male 10 
Female 3 
Male 0 
Female 0 

Total 

- 
3 
2 
4 
2 
1 

15 
27 

177 
175 

2 
5 

895 
1633 

808 
880 

0 
1 
0 
1 
0 
5 

30 
13 

303 
276 
9 
9 

60 
38 
4 
4 

*Stage: 1, immature; 2, resting; 3, ripening; 4, ripe; 5, running ripe; 6, partially spent; 7, spent. (after Hurst et al., 
1992). 



I Survey area 

I Biomass stations 

I Acoustic stations 

Figure 1: Trawl survey area showing stratum boundaries, valid biomass station positions (n = 110) and 
acoustic station positions (n = 15). 



I I..' , . - ... ,..: ;...-. .- Sea surface temperatures 

... 

Bottom temperatures 

Figure 2: Positions of sea surtace and bottom temperature r e c o r d i i  and approximate location of 
isotherms CC) interpolated by eye from these data. The temperatures shown are the hull-mounted sensor 
readings and have not been calibrated to true temperatures. Preliminary data fium CTD profides indicate 
that true surface temperatures may be about 2 "C lower than indicated here. Bottom temperatures shown 
here correlate more closely to CTD readings and, although not calibrated, are probabG more accurate 
than the surface temperatures shown. 



HOki 
EZA All other species 

Year 

Proportion of hdci 
Proportion of other species 

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

Year 

Figure 3: Relative biomass (top panel) and relative proportions of hoki and other species (lower panel) 
from trawl surveys of the Chatham Rise, January 19922002. 
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Figure 4: Relative biomass estimates of important speaes sampled by annual trawl surveys of the 
Chatham Rise, January 1992-2002. 



Figure 5a: Catch rates (kg.@') of all hold age classes combined. F ied  circle area is proportional to 
catch rate. Open circles are zero catch. Maximum catch rate in series is 37789 



Figure 5b: Hoki I+ catch distributioa Fied circle area is proportional to catch rate (kg.km"). Open circles 
are zero catch. Maximum catch rate in series is 30850 kg.lon". 



Figure 5c: Hoki 2+ catch distribution. Filled circle area is proportional to catch rate m2). Open circles 
are zero catch. Maximum catch rate in series is 6791 kg.km2. 





F i e  6: Catch rates (kg.kni2) of hake. Vied circle area is proportional to catch rate. Open circles are 
zero catch. Maximum catch rate in series is 620 kg.L< 



Figure 7: Catch rates (kg.kniz) of ling. Fied circle area is proportional to catch rate. Open circles are 
zero catch. Maximumcatch rate in series is 1786 kg.kmz. 
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Figure 9a: Estimated length frequency distributions of the male hoki population from Tangma surveys 
of tbe Chatham Rise, January 1992-2002. Year dass of 1+ fnh given above first modal peak (cv. 
coefficient of variation, n estimated population number of male hoki, no numbers of fish measured.) 
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F i r e  10: Estimated population numbers at age of male and female hoki from Tangaroa surveys of the 
Chatham Rise, January, 1992-2002. (+, indicates plus group of combined ages.) 
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F i  l la :  Estimated length frequency distributions of the male hake population from Tangaroa surveys 
of the Chatham Rise, January 1992-2002. (cv. coefficient of variation, n estimated population number of 
male hake, no numbers of fish measured.) 
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number of female hake, no numbers of fish measured.) 
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I?igure 12: Estimated population numbers at age of male and female hake (age 1-14 years and a plus 
group of 15 years and older) from Tangaron surveys of the Chatham Rise, January, 1992-2002. (Note: 
age 15 years is a plus group of hake aged 15 years and over.) 
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Figure 13a: Estimated length frequency distributions of the male ling population from Tangaroa surveys 
of the Chatham Rise, January 1992-2002. (cv. coefficient of variation, n estimated population number of 
male ling, no numbers of fsh-measured.) 
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Figure 13b: Estimated length frequency distributions of the female ling population from Tangaroa 
s w e y s  of the Chatham Rise, January 1992-2002. (c.v. coefficient of variation, n estimated population 
number of female ling, no numbers of fish measured.) 
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F i e  14: Estimated population numbers at age of male and female Ling (age 1-15 years) from Tanguroa 
surveys of the Chatham Rise, January, 1992-2002. (Note: the age dass of 15 years is not a plus group.) 
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Figure 15: Length frequencies of selected commercial species scaled to population size by sex (M, 
estimated male population; F, estimated female population (hatched bars); cv. coefficient of variation of 
the estimated numbers of f ~ h ;  n, number of f ~ h  measured.) 



Appendix 1: Individual station data for all stations conducted during the survey. PI, phase 1 trawl survey 
biomass statioas;FZ, phase 2 trawl snrvey biomass stations; AS, acoustic stations; NV, non-valid biomass 
stations; EX, an additional phase 1 trawl survey station; Strat., Stratum number. 

Sm. Type 
Start of tow Depth (m) 

Strat Date Time Latitude Longitude 

. NZST ' S  " '  UW Min. Max. (a 

Dist. - 
towed 

I. mile) 

Catch (kg) 
Hoki Hake Ling 



Appendix 1 (continued) 

Start of tow Depth (m) Dist Catch (kg) 
Sm. Type Strat Date T i e  Latiblde Longitude towed Hoki Hake Ling 

N Z S T " ' S  O '  EYW Min. Max. (n. mile) 



Appendix 1 (continued) 

Start of tow Depth (m) Dist. Catch (kg) 

Stn. Type Strat Date Tie Latitude Longitude towed Hold Hake Ling 

NZST O ' S O ' E/Flr Mi. Max. (n. mile) 



Appendix 1 (continued) 

Start of tow Depth (m) Dist. Catch (kg) 
SI~. Type Strat. Date T i e  Latitude Longitude towed Hoki Hake Ling 

NZST O ' S ' EIW Min. Max. (n. mile) 

:% Foul trawl station 
IW Catch not recorded on foul trawl stations 



Appendix 2: Scientific and common names of species mentioned in the text The occurrence (Occ) of each 
sweies (number of tows eaueht) in the 110 valid biomass tows is also shown. (Note that codes are - ,  

continually updated on the database following this and other surveys.) 

Scientific name 

Seaweed 

Porifera 

Cnidaria 
Scypbozoa (jellyfish) 

Hydrozoa 
Coral (Hydrozoan + Anthozoan corals) 
Stylasterina (red corals) 

Anthoma 
Pennahdacea (sea pens) 
Actinaria (sea anemones) 
Scleractinia (stony corals) 

Tunicata 
Thaliacea (salps) 

Pyrosoma atlanticwn 

MoUusca 
Gastropods (gastropods) 
Cymatiidae 
Fusitriton magellanicus 

Volutidae 
Bivalvia (bivalves) 
Cephalopoda 
Teuthoidea (squids) 
Cranchiidae 
Histioteuthidae 
Histioteuthis miranda 

Ommastrephidae 
Ommastrephes barrrami 
Nototodam sloanii 
Todarodes filippovae 

Onychoteuthidae 
Moroteuthis ingens 
M. robsoni 

Mastigoteuthidae 
Mas!igoteuthir sp. 

Octopoda (octopods) 
Octopodidae 
Enteroctopus zealandicus 
Graneledone spp. 

Opisthoteuthididae 
Opisthoteuthis spp. 

Common name 

unspecified seaweed 

unspecified sponges 

unspecified jellyfish 

unspecified corals 
unspecified red corals 

unspecified sea pens 
unspecified sea anemones 
unspecified stony corals 

unspecified salps 

unspecified gastropods 

volute 
unspecified bivalves 

unspecified squid 
cranchiid squid 

violet squid 

red squid 
mow squid 
Antarctic flying squid 

warty squid 
warty squid 

deepwater octopus 

umbrella octopus 

Code 

SEO 

ONG 

m 

cou 
COR 

SPN 
ANT 
SIA 

SAL 
PYR 

MOL 
GAS 

FMA 
VOL 
BIV 

SQX 
CHQ 

VSQ 

RSQ 
NOS 

TSQ 

MIQ 
mQ 

MSQ 

EZE 
DWO 

OPI 

Occ. 

1 

42 

12 

30 
1 

26 
52 

1 

4 
7 1 

1 
4 

47 
12 
1 

1 
1 

2 

5 
73 
22 

40 
2 

1 

5 
11 

11 



Appendix 2 (continued) 

!Scientific name Common name Code Occ. 

Crustscea 
ICarideaiNatantia (prawns) 
Acanthephyra spp. 
C a m p l y o ~ ~ r s  rathbonae 
Haliporoides sibogae 
Lipkius holthuisi 
Notostornus auriculnhrs 
Oplophorus ~vaezeelandiae 
Pasiphaen spp. 

unspecified prawn 
mby prawns 
sabre prawn 
jack-knife prawn 
omega prawn 
prawn 
prawn 
prawn 
scarlet prawn 
prawn 

PRA 1 
ACA 1 
CAM 2 
HSI 1 
LHO 14 
NAU 1 
ON0 2 
PAS 5 
PED 1 
SEP 1 

Aristaeopsis edwnrdriana 
Sergia potens 

Astacidea 
Nepbpidae 
Metanephrops challengeri 

Palinura 
Scyllaridae 
Zbacus aliicrenatus 

Crab (Anornuran + Brachyuran crabs) 
Anomma 
Galatheidae 
Munida sp. 

Lithodidae 
Lithodes murrayi 
Neolithodes brodiei 

scampi SCI 60 

prawn killer 
unspecified crabs 

PRK 6 
CRB 33 

southern stone crab LMU 2 
NEB 1 
P2E 2 Pamlomis zelandica 

Parapaguridae 
Parapagurus dimorphus 

Brachyura 
Homolidae 
Parornola perterdi 

Majidae 
Leptornithrar australis 

Mysidacea 

PAG 38 

antlered crab ATC 9 

giant masking crab 
mysid 

SSC 15 
, MYS 1 

Echinodermata 
startish (Asteroidea + Ophiuroidea) 
Astemidea (starfishes) 
Goniasteridae 

SFI 6 
ASR 46 

Trojan star 
Sladen's star 

Hippasteria trojana 
Mediaster sladeni 

Odontasteridae 
Odontaster spp. 

Solasteridae 
Crossaster japonicus 

FrR 17 
MSL 73 

pentagonal tooth-star ODT 3 

CJA 50 
SOT 15 

sun star 
Sohster tomlahis 

Zomasteridae 
Zoroaster spp. rattail star ZOR 57 



Appendix 2 (continued) 

Common name Code Occ. Scientific name 

As&opectinidae 
P l u t o ~ s t e r  spp. 
Psilaster acwnimtus 

Holothuroidea (sea cucumbers) 
Ophiuroidea (basket and brittle stars) 
Euryalina (basket stars) 
Gorgonocephalidae 
Gorgo~cephalus sp. 

Ophiurida (brittle stars) 
Echinoidea (sea urchins) 
Regularia 
Cidaridae: cidarids 
Goniocidarirparasol 

Echinothuriidae: Tam~shanter urchins 
Pedinidae 

C a e n o p e d i ~  alanbakeri 
Echiidae 
Gracilechinus mulridentatus 

PLT 
PSI 
HTH 

geometric star 
unspecified holothurian 

GOR 
OPH 
ECN 

unspecified ophiuroid 

GPA 
TAM 

GRM 
DHO Dennechinus homdus 

Irregularia 
Spatangidae: heart urchins 
Spatangus mullispinus 
Paramaretia multituberculata 

SPT 
Phm 

~ g n s t h a  (jawless fishes) 
Myxinidae: hagfishes 
Eptatretus cirrhatus 
Neomyxine biniplicata 

hagfish HAG 
NBI 

Chondrichthyes (cartilagenous fishes) 
Squalidae: dogfiihes 

leafscale gulper shark 
longnose velvet dogfish 
smoothskin dogfish 
Plunket's shark 
shovelnose dogfish 
Baxter's dogfish 
Lucifer domsh 
seal shark 
spiny dogfish 

CSQ 
CYP 
CYO 
PLS 
SND 
ETB 
ETL 
BSH 
SPD 

Centrophom squamosus 
Centroscymnus crepidater 
C. owstoni 
C plunken' 
Deania calcea 
Emropterus bnxteri 
E. lucifer 
Scymnorhinus licha 
Squalus acanthias 

Oxynotidae: mugh sharks 
Oxynotus bruniensis 

Scyliorhihidae: cat sharks 
Apristurus spp. 
Cephaloscyllium isabellum 
Halaelurus dawsoni 

prickly dogfish PDG 

deepsea catsharks 
carpet shark 
Dawson's catshark 

APR 
CAR 
DCS 



Appendix 2 (continued) 

Scientific name 

'I:rialddae: smoothhounds 
Galeorhinus goleus 

Ibrpedinidae: electric rays 
Torpedo foirchildi 

Pfarkidae: blind electric rays 
T y p h l o ~ r k e  spp. 

Ilajidae: skates 
Notoroja aspemla 
N. spinifera 
Notoraja spp. 
Bathyrojo shuntovi 
Dipturn innominnha 
D. m u t u s  

Chimaeridae: chimaeras, ghost sharks 
Chimaera phonta~mn 
Chimaera sp. C 
Hydrolagus novoezeolondiae 
Hydrologus sp. B 

Iulinochimaeridae: longnosed chimaeras 
Ham'ofto r a l e i g h a ~  
Rhinochimaera pacific0 

Osteichthyes (bony fishes) 
Notacanthidae: spiny eels 
Notacanthus sexspinis 

Synaphobranchidae: cutthroat eels 
Diostobrmhus capensis 

Nemichthyidae: snipe eels 
Congridae: conger eels 
Bossanago bulbiceps 
B. hirsutus 
Conger sp. 

Gonorynchidae: sandfish 
Gonorynchus forsteri 

Argentinidae: silversides 
Argentinn elongoto 

Alepocephalidae: slickheads 
Alepocepholus australis 
Rouleina sp. 
Xenodemichthys sociolis 

I'laryboctidae: tubeshoulders 
Persporsio kopua 

Cmnostomatidae: lighttishes 
Gonostoma elongatwn 

Stemoptychidae: hatchetfishes 
Photichthyidae: lighthouse fishes 
Photichthys argenteus 

Common name 

school shark 

electric ray 

numbfish 

longnosed deepsea skate 
smooth skate 
rough skate 

giant chimera 
brown chimaera 
dark ghost shark 
pale ghost shark 

longnose chimera 
widenose chimaera 

spineback 

basketwork eel 

swollenhead conger 
hairy conger 
unidentified conger 

silverside 

smallscaled brown slickhead 
large headed slickhead 
black slickhead 

lighthouse fish 

52 

Code 

SCH 

ERA 

BER 

BTA 
BTS 
BTH 
PSK 
SSK 
RSK 

CHG 
CHP 
GSH 
GSP 

LCH 
RCH 

SBK 

BEE 
NEX 

SCO 
HCO 

GON 

SSI 

SSM 
BAT 
BSL 

PER 

GEL 
HAT 

PHO 



Appendix 2 (continued) 

Common name Code Occ. Scientific name 

Stomiidae: scaly dragonfishes 
Stomias spp. 

Asmnesthidae: snaggletooths 
Bomstomias antarcticus 

Idiacanthidae: black dragonfishes 
BAN 

Idincanthus spp. 
Myctophidae: lantemfishes 
Lnmpanychrs spp. 

Moridae: morid cods 
Austrophycis marginnta 

Dl 
LAN 
LPA 

unspecified Iantemfishes 

dwarf cod 
slender cod 
small-headed cod 
ribddo. 
red cod 
grenadier cod 

DCO 
HJO 
SMC 
RIB 
RCO 
GRC 

Halargyreus johnsonii 
Lepidion micmcephalus 
Mom moro 
Pseuabphycis bachus 
Tripterophycis gikhristi 

Euclichthyidae: Eucla cod 
Euclichthys polynemus 

Gadidae: true cods 
Micromesistius australis 

Merlucciidae: hakes 

Eucla cod EUC 

southern blue whiting SBW 

Macrumnus novaezelandiae 
Merluccius australis 

Macrouridae: rattails, grenadiers 
Cuelorinchus aspercephalus 
C. biclinozonalis 
C. bollonsi 
C. fasciahu 
C. @totabilis 
C. kaiyomaru 
C. matarnun 
C. oliverianus 
C. pawifasciatus 

hoki 
hake 

HOK 
HAK 

oblique banded rattail 
two saddle rattail 
bigeyed rattail 
banded rattail 
notable rattail 
kaiyornai rattail 
Mahia rattail 
Oliver's rattail 
small banded rattail 
long barbel rattail 
abyssal rattail 
s e d a t e  rattail 
four rayed rattail 
javelinfish 
ridge scaled rattail 
unicorn rattail 

CAS 
CBI 
CBO 
CFA 
CIN 
CKA 
CMA 
COL 
CCX 
CBA 
cm : 

CSE 
csu 
JAV 
MCA 
WHX 
TYI 
VM 

Coryphaenoides dossenus 
C. murrayi 
C. sermlatus 
C. subserrulatus 
Lepidorhynchus denticularus 
Macrourus carinatus 
Tmchyrincus aphyodes 
Trachonmrus viUosus 
Ventrifossa nigromaculata 

Ophidiidae: cusk eels 
Brotulotaenia crassa 

blackspot rattail 

blue cusk eel 
ling 

BCR 
LIN Genypterus blacodes 

Scomberesocidae: sauries 
Scornberesox saurus SAU 



Appendix 2 (continued) 

Scientific name Common name 

Trachipteridae: dealfishes 
Trachiptem trachyptem 

Regalecidae: oarfishes 
Agrostichthys parkeri 

Trachichthyidae: roughies 

dealfish 

ribbonfish 

DEA 4 

AGR 1 
TRA 1 
ORH 2 
SRH 41 
RHY 9 

Hopbstethus atlanticus 
H. mediterr~eur 
Paratrachichthys trailli 

Berycidae: alfonsinos 
Beryx splendens 

Zeidae: dories 
Capmmimus abbreviatus 
C y m  novaezealandiae 
C. traversi 
Zerwpsis nebulasus 

orange roughy 
silver roughy 
common roughy 

alfonsino BYS 37 

capro dory 
silver dory 
lookdown dory 
mirror dory 

CDO 14 
SDO 16 
LDO 101 
MDO 1 

Oreosomatidae: o m s  
Albcynus niger 
Neocyitus rhomboidah 
Psewiocytius mculotus 

Macrorhamphosidae: snipefishes 

black oreo 
spiky oreo 
smooth ore0 

BOE 7 
SOR 20 
SSO 11 

Centriscops humerosus 
Notopogon lilliei 

Scorpaenidae: scorpionfishes 
Helicolenus spp. 

Congiopodidae: pigfishes 
Alertichthys blacki 
Cotagiopodus c o ~ c e u s  

Triglidae: gurnards 
Lepidotrigla bmchyoptera 

Hoplichthyidae: ghosttlatheads 
Hoplichthys hanvelli 

~s~chrolutidae:'toadfishes 
Ambophthalmos angustus 

Percichthyidae: Vmperate basses 

banded bellowsf~h 
crested bellowsfish 

BBE 84 
CBE 4 

sea perch SPE 96 

alert pigtish 
deepsea pigfish 

AF'I 3 
DSP 2 

scaly gurnard SCG 7 

deepsea flathead 

pale toadfish TOP 55 

Polyprion oxygeneios 
Serranidae: sea perches 
Callanthias spp. 

hapuku 

splendid perch 
orange perch 

SPP 2 
OPE 16 
PLC 1 
APG 2 
EPL 21 

1 
EPR 9 
EF'T 2 

- - 

Lepidoperca aurantia 
Plectranthias maculicauda 

Apogonidae: cardinalfishes 
Epigonus lenimen 
E. parini 
E. robustus 
E. telescopus 

Carangidae: jacks, trevallies, kingtishes 
Trachum declivis 
T. symmetricus murphyi 

bigeye cardinalfish 
cardinalfish 
robust cardinalfish 
deepsea cardinalfish 

jack mackerel 
slender mackerel 



Appendix 2 (continued) 

Occ. Scientific name Common name Code 

Bramidae: pornfrets 
Brama brama 
Xenobrama rnicrolepir 

Pentacerotidae: boatfishes, armomfishes 
Penmcems decacanfhus 

Cheilodactylidae: tarakihi, morwongs 
Nemadactylus macmpterus 

Latrididae: moki, trumpeters 
Lntris lineata 

Uranoscopidae: armourhead stargazers 
Kathetosoma gigantem 

Percophidae: opalfishes 
Hemerocoetes spp. 

Pinguipedidae: weavers 
Parapercis gilliesi 

Gempylidae: snake mackerels 
Ruvem pretiosus 
Thyrsites atun 

Trichiuridae: cutlassfishes 
Benthodesmus elongatus 
Lepidopus caudohrr 

Scombridae: mackerels, tunas 
Scomber australasicus 

Centrolophidae: rafttishes. medusafishes 
Centrolophus niger 
Hyperoglyphe antarcrica 
Schedophilus sp. 
Seriolella caerulea 
S punctata 

Nomeidae: eyebrowfishes, drifttishes 
Cubiceps spp. 

Bothidae: lefteyed flounders 
Arnoglossus scapha 
Neoachiropsetta miljordi 

Pleuronectidae: righteyed flounders 
Azygopus pinn$mciatus 
Pelotretisj7milatus 

Ray's bream 
bronze bream 

RBM 

yellow boarfish YBO 

TAR 

TRU trumpeter 

giant stargazer STA 

opalfish OPA 

yellow weaver YCO 

oilfish 
barracouta 

om 
BAR 

bigeye scabbard fish 
frostfish 

BNE 
FRO 

blue mackerel EMA 

rudderfish 
bluenose 

RUD 
BNS 
SUS 
WWA 
SWA 

white warehou 
silver warehou 

cubehead CUB 

witch 
finless flounder 

WIT 
MAN 

spotted flounder 
lemon sole 

SDF 
LSO 



Appendix 3: Length ranges (cm) used to identify 1+, 2+ and 3++ hoki age classes to estimate relative 
biomasses given in Table 5. 

Age group 
S w e y  1+ 2+ 3 u  

Jan 1992 
Jan 1993 
Jan 1994 
Jan 1995 
Jan 1996 
Jan 1997 
Jan 1998 
Jan 1999 
Jan 2000 
Jan 2001 
Jan 2002 



Appendix 4: Estimated biomass (t), with coefficient of variation in parentheses, of hoki by age group* and 
stratum. 

Stratum 

1 
2a 
2b 
3 
4 
5 
6 
7 
8a 
8b 
9 
10a 
lob 
1 la 
1 lb 
1 lc 
lld 
12 
13 
14 
15 
16 
17 
18 
19 
20 
22 

Total 

Total hoki 
I+ cohort 

(< 52 cm TLZ 

0 
0 
0 

1590 (3) 
0 

1393 (69) 
0 

291 (58) 
104 (98) 
477 (70) 
33 (84) 
0 
0 

51 (61) 
0 
4 (100) 
0 
1 (100) 

25 (37) 
0 

71 (83) 
326 (27) 

1905 (100) 
4001 (33) 
2 653 (62) 
9616 (53) 

0 

22 540 (26.1) 

2+ cohort 
(52-60 cm TL) 

0 
0 
0 

75 (24) 
0 

19 (48) 
0 

51 (75) 
36 (91) 

190 (72) 
4 (62) 
0 
0 

40 (87) 
0 
0 
0 
1 (1c'c') 

15 (16) 
2 (100) 

24 (35) 
119 (37) 
24 (loo) 

203 (45) 
228 (73) 
156 (29) 

0 

1 186 (21.2) 

*Hold are spawned in July-August and their ages are estimated by length range. I+, designates a fish between 1 and 2 years 
old; 2+, designates a fish between 2 and 3 years old; 3++, designates all hoki 3 years and older. 


