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EXECUTIVE SUMMARY 

O'Driscoll, R.L.; Bagley, N.W. (2003). Trawl survey of middle depth species in the Southland and 
Sub-Antarctic areas, November-December 2002 (TAN0219). 

New Zealand Fisheries Assessment Report 2003/46.57 p. 

The sixth summer trawl survey of the Southland and Sub-Antarctic areas was carried out on Tangaroa 
from 23 November to 22 December 2002: 105 successful stations (95 phase 1 and 10 phase 2) were 
completed in 21 strata. Target coefficients of variation (c.v.s) were achieved for the target species: hoki, 
hake and ling. Biomass estimates (and c.v.s) were: hoki, 40 503 t (13.6%); ling, 25 635 t (10.1%); hake, 
2037 t (16.3%). Estimates for hoki and ling were similar to those from the previous summer survey in 
November-December 2001, but hoki biomass was less than half that observed in trawl surveys of the 
Southland and Sub-Antarctic areas in the early 1990s. Estimated abundance of hake declined by 14% 
h m  2001 to 2002, and the 2002 estimate was the lowest in the time series. As in 2000 and 2001, the 
hoki catch was dominated by fish kom the strong 1991-94 year-classes, but in 2002 there was also a 
second mode of small (47-57 cm) hoki &om the 2000 year-class. Most ling were between 60 and 
100 cm and ages 5-1 1. The length and age distriiutions for hake were broad with no clear modes. 

Liver weights of hoki were measured in an attempt to provide information on the proportion spawning. 
Results were similar to 2001. Condition indices were highly variable, but hoki that were classified 
macroscopically as spent or partially spent had significantly lower liver condition than fish of other 
macroscopic stages. Acoustic data were also collected duriug the trawl suvey. Mark types were sirmlar 
to those observed previously. There was no correlation between acoustic backscatter dose to the bottom 
and trawl catch rates. 



1. INTRODUCTION 

Trawl surveys of the Southland and Sub-Antarctic region provide fishery independent' abundance 
indices for lioki, hake, and ling. Hoki is New Zealand's largest fishery with a current TACC of 
200 000 t. The Southland and Sub-Antarctic region is believed to be the principal residence area for the 
hoki that spawn off the west coast of the South Island in winter. Catches of "western" hoki fimn adult 
spawning and residence areas combined made up about 66% of the total hoki catch in 2001-02, with 
about 35 000 t taken in the southern region (including Puysegur) (Ballara et al. 2003). Hake and ling are 
also important commercial species in the Southland and Sub-Antarctic, with catches of 2900 t of hake 
and 9300 t of ling in 2001-02 (Annala et al. 2003). 

Two time series of trawl surveys of the Southland and Sub-Antarctic region have been developed using 
Tmgaroa: a summer series in November-December 1991,1992,1993,2000, and 2001; and an autumn 
series in April-May 1992, 1993, 1996, and 1998 (reviewed by O'DriscoU & Bagley 2001). The main 
focus of the early surveys (1991-93) was to estimate the abundance of hoki. The w e y s  in 1996 and 
1998 were developed primarily for hake and ling. Autumn was chosen for these species as the biomass 
estimates were generally higher and more precise at this time of year. Autunm surveys also allowed the 
proportion of hob maturing to spawn to be estimated (Livingston et al. 1997, Livingston &Bull 2000). 

In 2000, the timing of the trawl survey was moved back to November-December for two reasons. First, 
the Hoki Working Group wanted to obtain an estimate of total adult hoki biomass at a time when 
abundance should be maximal in Southland and the Sub-Antarctic. Interpretation of trends in the 
auhmm trawl survey series was complicated by the possibility that different proportions of the hoki 
adult biomass had already left the survey area to spawn. Second, there was concern that hake age 
structure was not well represented by the small number of otolith samples collected in autumn smveys. 
The longer daylight hours in December allow more stations to be occupied than in Apnl, so more hake 
samples are likely to be taken. 

Hoki biomass in the last two Southern Plateau surveys in 2000 and 2001 were the lowest in the summer 
time series, and only 4060% of the biomass observed in surveys in the early 1990s (O'DriscoU et al. 
2002, O'Driscoll & Bagley 2003). Biomass estimates for hoki, hake, and ling all declined by 24-30% 
from 2000 to 2001 (O'Driscoll & Bagley 2003). The stock status for hoki tTom the 2002 assessment was 
uncertain (Annala et al. 2002). The 2002 trawl survey, carried out from 23 November to 22 December 
2002 (TAN0219), provided a sixth summer estimate of "westem'' hoki biomass in time for the 2003 
hold assessment. 

This report describes the trawl survey design and methods, and presents data on commercially important 
species relevant to stock assessment and fisheries management. This is the final reporting requirement 
h m  Objectives 1-5 of Minisby of Fisheries Research Project MDT2002101 (Estimation of hoki and 
middle depth fish abundance on the Southern Plateau using trawl surveys). 

2. METHODS 

2.1 Survey design 

As in previous years, the survey was of a two-phase stratified random design (after Francis 1984), 
stratified by area and depth. The allocation of stations in Phase 1 was based on a statistical analysis of 
catch rate data from the most recent surveys in 2000 and 2001 using the procedure of Bull et al. (2000). 
A total of 97 stations was planned for Phase 1, with a minimum of three stations p a  stratum. Phase 2 
stations were allocated at sea to improve c.v.s for hoki, hake, and ling, and to increase the number of 
hake sampled. Stratum areas and the number of stations completed are given in Table 1. 



The survey area was the same as for the 2000 and 2001 surveys (Figure 1). The area was divided into 21 
strata by depth (30&600,60&800, and 800-1000 m) and area (Table 1). There were 15 core 300-800 m 
strata (Strata 1 to 15 in Figure 1) which have been surveyed in all previous summer and autmm surveys. 
Strata 3 and 5 have been subdivided since 2000 to increase the coverage in the region where hake and 
ling aggregations were thought to occur pul l  et al. 2000). There was no 800-1000 m stratum along the 
eastern side of the survey area as catches of hake, hoki, and ling from adjacent strata are small. Known 
areas of foul ground were excluded !?om the survey. 

2.2 Vessel and gear specifications 

Tangaroa is a purposebuilt research stem trawler of 70 m overall length, a beam of 14 m, 3000 kW 
(4000 hp) of power, and a gross tonnage of 2282 t. 

The trawl was the same as that used on previous surveys of middle depth species by Tangaroa. The net 
is an eight-seam hoki bottam trawl with 100 m sweeps, 50 m bridles, 12 m backstrops, 58.8 m 
groundrope, 45 m headline, and 60 mm codend mesh (see Chatterton & Hanchet (1994) for net plan and 
rigging details). The trawl doors were Super Vee type with an area of 6.1 m2. Measurements of 
doorspread (fkom a Scanmar 400 system) and headline height @om a Furuno net monitor) were 
recorded every 5 min during each tow and average values calculated. 

2.3 Trawling procedure 

Trawling followed the standardised procedures described by Hurst et al. (1992). Station positions were . 

selected randomly before the voyage using the Random Stations Generation Program (Version 1.6) 
developed at NIWA, Wellington. A minimum distance between stations of 3 n. miles was used. If a 
station was found to be on foul ground, a search was made for suitable ground within 3 n. miles of the 
station position. If no suitable ground could be found, the station was abandoned and another random 
position was substituted. Tows were carried out during daylight hours (as defined by Hurst et al. 1992), 
with all hawling between 0444 h and 2015 h NZST. At each station the trawl was towed for 3 n. miles 
at a speed over the ground of 3.5 knots. If foul ground was encountered, or the tow hauled early due to 
reducing daylight, the tow was included as valid only if at least 2 n. miles had been covered. If time ran 
short at the end of the day and it was not possible to reach the last station, the vessel headed towards the 
next station and the trawl was shot on that course before 1900 h NZST, if at least 50% of the steaming 
distance to the next station was covered. 

Towing speed and gear configuration were maintained as constant as possible during the survey, 
following the guidelines given by Hurst et al. (1992). The average speed over the ground was calculated 
from readings taken every 5 min during the tow. 

2.4 Acoustic data collection 

Acoustic data were collected during trawling and while steaming between trawl stations (both day and 
night) using a custom-built CREST system (Coombs 1994) with hull-mounted Simrad single-beam 
12 kHz and 38 kHz transducers. CREST is a computer-based "software echo-sounder" which supports 
multiple channels. The transmitter was a s w i t c h  type with a nominal power output of 2 kW m. 
Transmitted pulse length was 1 ms with 3 s between transmits. The CREST receiver has a broadband, 
wide dynamic range pre-amplifier and serial analog-todigital converters (ADCs), which feed a digital 
signal processor (DSP56002). Data from the ADCs were complex demodulated, filtered, and a 20 log R 
time-varied gain was applied. The results were then shifted to give 16-bit resolution in both the real and 
imaginary terms and the complex data stored for later processing. The 38 kHz transducer was calibrated 



before the survey following standard procedures (Foote et al. 1987). The 12 kHz transducer was not 
calibrated. Data collected on 12 kHz were used only to make visual comparisons with 38 kJ3i data and 
were not analysed quantitatively. 

2.5 Hydrology 

Temperature and salinity data were collected using a calibrated Seabird SM-37 Microcat CTD 
datalogger mounted on the headline of the trawl. Data were collected at 5 s intenals throughout the 
trawl, providing vertical profiles. Surface values were read off the vertical profile at the beginning of 
each tow at a depth of about 5 m, which corresponded to the depth of the hull temperature sensor used in 
previous surveys. Bottom values were about 7.0 m above the sea-bed (i.e., the height of the headline). 

2.6 Catch and biological sampling 

At each station all items in the catch were sorted into species and weighed on Seaway motion- 
compensating electronic scales accurate to about 0.3 kg. Where possible, finfish, squid, and crustaceans 
were identified to species and other benthic fauna to species or family. Unidentified organisms were 
collected and h z e n  at sea. Specimens and digital photographs have been provided to experts at NIWA 
and the Museum of New Zealand for identification. 

An approximately random sample of up to 200 individuals of each commercial, and some common non- 
commercial, species h m  every successful tow was measured and sex determined. More detailed 
biological data were also collected on a subset of species and included fish weighf sex, gonad stage, 
gonad weight, and occasional observatiom on stomach fullness, and contents and prey condition. 
Otoliths were taken from hake, hoki, and ling for age determination. A description of the macroscopic 
gonad stages used for the tbree main species is given in Appendix 1. 

Liver and gutted weights were recorded from 20 hoki per station to determine condition indices. Female 
gonads from the subset of hoki with recorded organ weights were preserved in formalin and are 
available for future microscopic examination. 

2.7 Estimation of biomass and length frequencies .. 

Doorspread biomass was estimated by the swept area method of Francis (1981, 1989) using the 
formulae in Vignaux (1994). Biomass and coefficient of variation (c.v.) were calculated by stratum for 
major species. The group of ''major" species was defined by O'DriscoU & Bagley (2001), and includes 
11 commercial species (hoki, hake, ling, southern blue whiting, pale ghost shark, dark ghost shark, spiny 
dogfish, black oreo, lookdown dory, nialdo, white warehou) and one noncommercial species 
(javelinfish). 

The catchability coefficient (an estimate of the proportion of fish in the path of the net which is caught) 
is the product of vulnerability, vertical availability, and areal availability. These factors were set at 1 for 
the analysis, the assumptions being that fish were randomly distriiuted over the bottom, that no fish 
were present above the height of the headline, and that all fish within the path of the doors were caught. 

Scaled length frequencies were calculated for the major species with the Trawlsurvey Analysis Program, 
version 3.2 (Vignaux 1994), using length-weight data fiom this survey. 

Data from all stations where the gear performance was satisfactory (codes 1 or 2) were included for 
estimating biomass and calculating length frequencies. 



2.8 Estimation of numbers at age 

Hoki, hake, and ling otoliths were and aged using validated ageing methods (hold, Horn & 
Sullivan (1996) as modified by Cordue et al. (2000); hake, Horn (1997); ling, Horn (1993)). 

Subsamples of 749 hoki otoliths, 574 ling otoliths, and 571 hake otoliths were read. Subsamples were 
obtained by mndomly selecting otoliths h m  5-cm length bins covering the bulk of the catch and then 
systematically selecting additional otoliths to ensure the tails of the length distn%utions were 
represented. The numbers aged approximated the sample size necessary to produce mean weighted c.v.s 
of less than 20% across all age classes. 

Numbers at age were calculated from observed length frequencies and age-length keys using customised 
NIWA catch-at-age software (Bull & Durm 2002). For hoki, this software also applied the "consistency 
scoringgg method bf  ranc cis (2001), which uses otolith ring radii measurents to improve the consistency 
of age estimation. 

2.9 Acoustic data analysis 

Acoustic recordings made during the trawl survey (both duing trawls and while steaming between 
stations) were visually examined Marks were classified based on the relative depth of the mark in the 
water column, mark orientation (surface- or bottom-referenced), mark structure (layers, schools, or 
single targets), and the relative strength of the mark on 38 lcHz and 12 lcHz (see O'DriscoU (2001) for 
details). Descriptive statistics were produced on the frequency of occ-ce of d S m t  ma& types. 

A quantitative analysis was canied out to compare acoustic backscatter h bottom-ferenced marks with 
trawl catch rates. Acoustic data collected on 38 kHz during each tow (co~~ected for the lag of the trawl 
behind the vessel based on warp length and water depth) were integrated using custom Echo Sounder 
Package (ESP2) software (McNeill2001) to calculate the mean acoustic backscatter per square kilometre 
from bottom-referenced ma~ks. Two values of acoustic backscatter were calculated for each trawl. The 
first estimate was based an integration height of 10 m above the acoustic bottom, which was similar to 
the measured headline height of the trawl (average 7.0 m). The second acoustic estimate integrated all 
backscatter from the bottom up to the maximum height of the bottom referenced mark or 100 m, but 
excluded all other mark types. Raw acoustic density estimates (backscatter per km2) were then compared 
with trawl catch rates (kg per km2). No attempt was made to scale acoustic estimates by target strength, 
correct for differences in catchability, or cany out species decomposition, as was done for the 2000 and 
2001 surveys (O'Drisco112002). 

3. RESULTS 

3.1 Survey coverage 

A total of 105 successful bawl survey stationskas completed in 21 strata (Figures 1 & 2, Table 1) and 
included 95 of the 97 planned Phase 1 stations, and 10 Phase 2 stations. One planned Phase 1 station in 
Stratum 26 was dropped because this station required a very long steam and nil, or very small, catches 
of hoki, hake, or ling were made on the other three stations in this stratum. A Phase 1 station was also 
dropped in Stratum 6 because the final (seventh) trawl in this stratum came fast and extensive 
backtracking was required to pick up substitute stations. Seven of the 10 Phase 2 stations were at 
~uysegur (Strata 1,2, and 25) because of the importance of this area for hake, spawning ling, and small 
(2+) hoki. Other Phase 2 stations were in Strata 3A and 7 to lower the hoki c.v., and in Stratum 5B to 
increase numbers of hake sampled. The total survey area covered was 320 195 kd with an average 
station density of 1:3049 kd. 



Another six stations were completed which were unsuitable for biomass estimation. Four tows (Stations 
63,68, 69,76) were abandoned due to coming fast or serious net damage. Two trawls (Stations 30,31) 
were carried out at night using the 'ratcatcher' in an unsuccessful attempt to recover a towbody lost 
during a recent southern blue whiting acoustic survey. 

3.2 Gear performance 

Gear parameters by depth and for all observations are summarised in Table 2. The headline height was 
obtained on every successful tow, but there were no doorspread readings for eight tows. Missing 
doorspread values were calculated h m  data collected in the same depth range on this voyage. Gear 
parameters in 2002 were similar to those obtained on other voyages of Tangaroa in this area when the 
same gear was used, although headline height was slightly lower and less variable in 2002 than in 
surveys in 2000 and 2001 (Table 3). 

3.3 - Catch 

A total catch of 50.4 t was recorded from successful trawl stations Fable 4). Of the 181 species or 
species groups caught, 95 were teleosts, 26 elasmobranchs, 10 squids oroctopuses, and 20 crustaceans 
(Appendix 2). A M e r  15 invertebrate species were identified from a piece of sunken wood caught by 
the trawl (Appendix 2). The main species in the catch (Table 4) were hoki (21:0%), ling (20.4%), black 
oreo (9.5%), javelinfish (5.8%), hake (4.7%), ridge-scaled rattail (4.0%), spiny dogfish (3.7%), and pale 
ghost shark (3.4%). 

3.4 Biomass estimates 

Total m e y  biomass estimates for commercial species and the most abundant non-commercial species 
are given in Table 4, and biomass estimates are presented by stratum for the 12 major species in Table 5. 
Subtotals are given for hoki, hake, and ling for the 300-800 m depth range (Strata 1-15) in Table 6 and 
compared with results of previous s m e r  surveys where the maximum depth was 800 m over much of 
the area (O'Driscoll & Bagley 2001). 

Biomass estimates of hoki and ling in 2002 were similar to those in 2001, and 20-30% lower than 
estimates h m  2000 (Table 6), confirming the decline in these species observed fiom 2000 to 2001 
(O'Driscoll& Bagley 2003). Hoki biomass in 2002 had increased slightly (by 3%) h m  2001, but was 
the second lowest value in the summer time series. Estimated biomass in 2002 was only 40-50% of the 
biomass observed in surmner trawl surveys in the early 1990s, and 44-56% of the biomass in the most 
recent autumn surveys (Table 6). Biomass of ling in 2002 also increased slightly (by 2%) h m  the 
previous survey in 2001, and was similar to summer surveys in the early 1990s, but low= than all 
autumn surveys (Table 6). Total hake biomass fell by 14% ftom 2001, continuing the downward trend 
since 2000. Biomass of hake in the core 300-800 m strata in 2002 was the lowest in the summer or 
autumn time series (Table 6). 

Biomass estimates for eight of the nine other major species decreased from 2001 to 2002, with only the 
biomass of black oreo, which are not well measured (very high c.v.s), increasing (see Table 4). It was 
surprising to observe major declines in biomass estimates for species like javelinfish (down 47%) and 
pale ghost shark (down 17%), which are relatively well estimated by this survey (low c.v.s). 



3.5 Species distribution 

The distribution and catch rates at each station for total hold, 2 year-old hoki, hake, and ling are given in 
Figures 3 6 .  Hoki were widespread throughout the core 300-800 m survey area, occurring at almost all 
trawl stations (Figure 3). As in previous surveys (review by O'Driscoll & Bagley 2001), high catches of 
hoki occurred more frequently in the west, on the Stewart-Snares shelf, on the western side of the 
Campbell Rise, and at Puysegur. Large catches (more than 500 kg) of srnall (2 year-old) hoki were made 
at Puysegur and on the Stewart-Snares shelf (Figure 4). Hoki were caught in low numbers in 800- 
1000 m strata. Hake were concentrated at Puysegur and on the western part of the Stewart-Snares shelf 
(Figure 5). Most of the hake biomass was in 60M00 m strata, with about 37% of the biomass from the 
800-1000 m depth range (see Table 5). Ling were widely distributed with consistent catches over most 
of the survey area between 300-800 m, but were seldom caught deeper than 800 m (Figure 6). One 
particularly large catch (3 t) of spawning ling was made at Puysegur. The dishiution patterns for other 
species were consistent with those observed in previous Sub-Antarctic surveys (O'Driscoll & Bagley 
2001,2003, O'Driscoll et al. 2002). 

3.6 Biological data 

The numbers of fish of each species measured or selected for biological analysis are shown in Table 7. 
Otoliths were removed flom 1569 hoki, 1243 ling, and 842 hake. Length-weight relationships used to 
scale length kequency data are given in Table 8. Length frequency histograms by sex for hoki, hake, and 
ling are compared to those observed in previous surveys in Figures 7-9. Length flequencies by sex for 
the nine other major species in 2002 are shown in Figure 10. 

Hoki length frequencies in 2001 (Figure 7) showed a main mode centred on 85 cm for males and about 
89 cm for females. Ageing shows that these are mostly fish ftom the strong year classes in 1991-94 seen 
in 2002 as g 1 1  year olds (Figure 11). There was a second mode at 47-57 cm comsponding to fish 
from the 2000 year-class (Figures 7,ll).  Two year-old hob have been observed in previous surveys in 
the Sub-Antarctic region, most notably in summer 1993, when the relatively strong 1991 year-class was 
present, and in autumn 1996 when the 1993 year-class was age-2 (Figure 11). There was little evidence 
of hoki h m  the 1997 and 1998 year-classes, which are inrportant in "eastern" fisheries on the Chatham 
Rise and in Cook Strait (FJallara et al. 2003). 

Length and age flequency distributions of hake for core 300-800 m strata were broad with no clear 
modes (Figures 8, 12). Females were mostly 60-115 cm and ages 4-21, and males were 70-95 cm and 
ages 6-14. Fewer larger, older hake were caught compmd to Sub-Antarctic trawl surveys in the early 
1990s (Figure 12). There was a mode of small (5670 an) hake outside the core strata in 800-1000 m 
depth (see Figure S), particularly in Stratum 25 at Puysegur. Ageing showed that these small hake were 
mostly age 4 (1998 year-class). By number, 65% of male hake and 46% of females were caught outside 
the core 300-800 m strata. 

The length flequency dism3utions of ling were similar to 2000 and 2001, with the modal length of both 
males and females at about 70-80 cm (see Figure 9) and ages &8 (Figure 13). Tnese are fish h m  the 
relatively strong 1994-96 year-classes. Large female ling (greater than 90 cm) were more common than 
large males (see Figure 9). 

The length distribution of black ore0 in 2002 was unirnodal, as in 2000 and 2001 (see Figure 10). The 
modal lengths of 32 cm for male black oreo and 34 cm for females were similar to 2001 and about 4 cm 
larger than in 2000. The length hquency distribution of southern blue whiting in 2002 (see Figure 10) 
showed mainly large fish, with a modal length of 48 cm for females and 44 cm for males. Modal size of 
southern blue whiting had increased by 2 cm h m  2001 (O'Driscoll & Bagley 2003). Other points of 
interest in Figure 10 were the strongly bimodal distribution of male. and unsexed white warehou, the 



bimodal d i s t n i o n  of female spiny dogfish, and the apparent modes in the length distniution of 
female n i d o .  Similar length distnbutions.for spiny dogfish and nialdo were observed in 2001 
(O'Driscoll & Bagley 2003). 

Gonad stages for hoki, hake, and ling are summarised in Table 9. Most (62%) hoki were in the resting 
phase, with a significant proportion of immature fish (26%) mostly h m  the 2000 year-class. About 7% 
of female hold were rnacrosc&picaUy staged as spent, and 15% of male hoki still exuded milt and were 
classified as partially spent. About 30% of ling were observed in spawning condition (ripe and running 
ripe), suggesting that spawning was still occurring at the time of the trawl survey, particularly at 
Puysegur. Only about 6% of hake were recorded in spawning condition, with the majority either 
immature (40%) or resting (38%). 

3.7 Hoki condition indices 

Liver and gutted weights were recorded h m  1497 hold. The results were similar to those in 2001. 
There was considerable variation in liver weights, with liver condition indices (LC1 = liver weight 
divided by gutted weight) ranging between 0.3 and 12.2%. Plots of liver weight as a fimction of gutted 
weight (Figure 14) showed a lot of scatter. Male hoki that were macroscopically staged as spent or 
partially spent had significantly lower LC1 (average LC1 = 1.9%, n = 101) than resting hoki (average 
LC1 = 2.5%, n = 293, t-testp < 0.001), suggesting that fish that have recently spawned may have lower 
condition than fish that either spawned earlier or did not spawn. Female hoki staged as spent also had 
significantly lower LC1 on average (LC1 = 2.5%, n = 124) than resting females (LCI = 3.0%, n = 783, t- 
testp < 0.001). 

Data collected in 2001 and 2002 provide some evidence that liver condition may be related to spawning. 
We recommend microscopically examining female gonad tissue samples already collected in 2001 and 
,2002 to further investigate whether condition indices can be used to indicate the annual proportion 
spawning. 

3.8 Acoustic results 

A total of 203 acoustic data files (108 "trawl" files and 95 "steam" files) w& recorded during the trawl 
survey. Periods of good weather with slight sea provided good quality recordings from both fkquencies 
during the survey, although there was some interference (noise) on 38 kHz, not seen in previous surveys, 
which may have been related to alterations made in drydockbefore the 2002 survey. 

Mark types were generally similar to those descxibed by O'Driscoll (2001) and O'Driscoll & Bagley 
(2003). The frequency of occurrence in 2002 of each of the eight mark categories descriied by 
O'Driscoll(2001) is given in Table 10. Often several types of mark were present in the same echogram. 
Data were subdivided into three depth ranges (300-600 m, 600-800 m, 800-1000 m) based on the 
maximum depth observed during the acoustic file. 

Surface layers shallower than 100 m were observed in almost all (92%) echograms. The identity of 
organisms in these surface layers is unknown because no tows were targeted at the surface. Acoustic 
scattering is probably contributed by a number of pelagic zooplankton (including gelatinous organisms 
such as salps) and fish. Pelagic schools and layers were observed in about 70% of day steam files and 
60% of daytime trawl files, but were seen less often at night, occuning in only 13% of night steam files. 
Pelagic schools and layers probably contain mesopelagic fish species such as pearlsides (Maurolinrs 
australis) and rnyctophids which rise ,in the water column and disperse during the night, turning into 
pelagic clouds. Pelagic marks appeared particularly sf~ongly on 12 kHz, which may be due to 
swimbladder resonance of small mesopelagic fishes at this kquency. 



Bottom layers were observed in 79% of day steam files and 41% of trawl files. Like pelagic layers, 
bottom layers tended to disperse at night, to form bottom clouds. Bottom layers and clouds were usually 
associated with a mix of demersal fish species, but may also contain mesopelagic species when these 
occur close to the bottom (O'Driscoll2002). Bottom layers and clouds appeared to be more widespread 
in 2002 than in 2000 or 2001. 

Almost all bottom-referenced schools were observed during the day in 30M00 m water depth. Bottom 
schools were sometimes associated with catches of southern blue whiting in the bottom trawl 
(O'Driscoll 2001). In 2002, school marks were also observed 20-50 m off the bottom during trawl 
recordings where large catches of 2 year-old hoki were taken (e.g., Figure 15). 

Single target echoes close to the bottom were observed in almost all (89%) files, regardless of depth or 
time of day. The density of single targets varied greatly, h m  only a few small marks, up to 
aggregations of numerous targets. Single targets usually occurred in the same echogram as other mark 
types, making identification of the species responsible for the single target echoes difficult. Single target 
marks probably consist of low densities of d&ersal fish. An aggregation of large single targets during 
tow 102 at Puysegur (Figure 16) was associated with a large catch of spawning ling. 

Acoustic data h m  96 %awl'' files were integrated and compared with trawl catch rates. Data from the 
other 12 trawl recordings were not included in the analysis because the acoustic data were too noisy or 
because the trawl was not considered suitable far biomass estimation. Average acoustic backscatter 
from bottom-referenced regions was about 30% higher in 2002 than in 2000 and 2001, even though 
average trawl catch rates were similar (Table 11). There was no correlation between acoustic 
backscatter and trawl catch rates (Figure 17). This was surprising, because in previous surveys in 2000 
and 2001 there was a weak (rho = 0.11-0.40), but significant, positive correlation between backscatter 
and catches (O'Driscoll2002). The lack of association between trawl and acoustics in 2002 may have 
been due to an increased proportion of mesopelagic species close to the bottom. These species 
contribute to the acoustic backscatter, but are too small to be caught by the survey bottom trawl. 

I '  3.9 Hydrological data 

Surface (5 m depth) tempaatures ranged between 8.2 and 13.3 'C and bottom temperatures were 
between 4.0 and 10.0 'C. Bottom temperature decreased with depth, with lowest bottom temperatures 
recorded &om water deeper than 900 m on the northern and southern margins of the Campbell Plateau 
Highest .%face and bottom temperatures were at Puysegur. There was a general kend of increasing 
water temperatures towards the north and west (Figures 18-19). 

Surface and bottom temperatures were within the range observed during previous Sub-Antarctic 
surveys, but it is diacult to make comparisons between years because the sensors in previous surveys 
wereuncalibrated For example, in 2001 the surface readings ffom the surface temperature sensor were 
about 2 'C warmer than those recorded at 5 m depth with a CTD when comparisons were made 
(OIDriscoll& Bagley 2003). 

Vertical profiles of temperature and salinity were available for the first time in 2002. Two examples are 
shown in Figure 20: from tow 19, which %as on the eastern plateau, and tow 101, on the Stewart-Snares 
shelf. The water column was usually thermally stratified, with some quite complex patterns in 
temperature and salinity in the upper 100 m (Figure 20). Further analysis of these data by NJTA 
oceanographers will help improve our understanding of the hydrology in the survey area. 



4. CONCLUSIONS AND RECOMMENDATIONS 

 he 2002 survey met target c.v.s for hoki, hake, and ling. Biomass estimates for hoki and ling were 
similar to estimates from the previous survey in 2001. Small hoki h m  the 2000 yeaxclass w e  
relatively widespread in the survey area, and were the most abundant yearclass by number. The 2002 
estimate of hake biomass had declined by 14% fiom 2001 and was the lowest recorded in either the 
summer or the auhurm time series. Biomass estimates for eight of nine other major species also declined 
between 2001 and 2002. 

Hoki liver condition indices were variable, but may be related to occurrence of spawning. We 
recommend continuing to collect data on liver condition in future surveys, and microscopically 
examining female gonad tissue collected during 2001 and 2002 to determine whether liver condition can 
be used as an indicator of proportion spawning. 

Good quality acoustic data were collected thfoughout the smvey using the CREST hull mounted system. 
Schools of small hoki were visible acoustically, but there was no wrrelation between trawl catch rates 
and acoustic backscatter. Further quantitative use of acoustics in the Southland and Sub-Antarctic areas 
requires directed research effort using fine-mesh midwater trawls to quantify the contribution of 
mesopelagic fish to the acoustic backscatter. 
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Table 1: Stratum areas, depths, and number of successful biomass stations from the 2002 Southern 
Plateau trawl survey. Planned Phase 1 stations are given in parentheses. 

Name 

Puysegur Sank 
Puysegur Bank 
stewartsnares 
stewartsnares 
Stewart-Snares 
Snares-Auckland 
Snares-Auckland 
Auckland Is. 
South Auckland 
N.E. Auckland 
N. Campbell Is. 
s .  Campbell Is. 
N.E. Pukaki Rise 
PUkE 
N.E. Campbell Plateau 
E. Campbell Plateau 
E. Campbell Plateau 
Puysegur Bank 
S.W. Campbell Is. 
N.E. Pukaki Rise 
E. Stewart Is. 

Phase 2 Station density 
stations W2) 



Table 2: Survey tow and gear parameters (recorded values only). Values are number of tows (n), and the 
mean, standard deviation (s.d.), and range of observations for each parameter. 

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

Gear parameters (m) 
3 W 0 0  m 

Headline height 
Doorspread 

600-800 m 
Headline height 
Doorspread 

8CC-1000 m 
Headline height 
Doorspread 
All stations 30C-1000 m 

Headline height 
Doorspread 

Mean 

2.95 
3.5 

6.8 
118.6 

6.8 
121.0 

6.8 
123.2 

6.8 
120.3 

Table 3: Comparison of doorspread and headline measukements'frorn all surveys in the summer Tangaroa 
timeseries. Values are the mean and standard deviation (s.d.). The number of tows with measurements (n) 
and range of observations is also given for doorspread. 

Doorspread (m) - 
mean s.d min max 
126.5 7.05 106.5 145.5 
121.4 6.03 ' 105.0 138.4 
120.7 7.14 99.9 133.9 
121.4 5.22 106.0 132.4 
117.5 5.19 103.5 127.6 
120.3 5.92 107.0 134.5 

Headline height (m) 
mean s.d 
6.6 0.31 
7.4 0.38 
7.1 0.33 
7.0 0.20 
7.1 0.25 
6.8 0.14 



Table 4: Biomass estimates, coefficients of variation, and catch of all commercial species and abundant 
(defined as estimated biomass over 500 t) non-commeraal species in the 2002 Sub-Antarctic trawl survey. 
Estimates are for all strata combined. Biomass estimates from 2001 (from O'DriscoU & Bagley 2003) are 
shown for comparison. 

Commercial species 
Hoki 
Ling 
Black oreo 
Pale ghost shark 
Southern blue whiting 
Southern spiny dogfish 
Smooth oreo 
Hake 
White warehou 
Riialdo 
Lookdom dory 
Giant stingazer 
Anow squid 
Smooth skate - mughy 
Dark ghost shark 
Silva warehou 
Rough skate 
Red cod 
SouthemRay's bream 
Ray's bream 
School s h k  
Seal shark 
Hapuka 
Sea perch 
Banded stargazer 
Cardinalfish 
Bluenose 
Geml2.h 

Non conrmercial species 
over 500 t biomass 
Ridge-scaled rattail 
Javelinfish 
Small-scaled slickhead 
Baxter's do@ 
Longnose velvet dogfish 
Oblique-banded raUaiJ 
Warty squid 
Silverside 
Longnose chimaera 
Finless flounder 
Banded rattail 
Basketwork eel 
Four rayed rattail 
Oliver's rattail 

Total catch 

Species 
code 
HOK 
Lrn 
BOE 
GSP 
SBW 
SPD 
SSO 
HAK 
WWA 
RIB 
LDO 
STA 
NOS 
SSK 
ORH 
GSH 
SWA 
RSK 
RCO 
SRB 
RBM 
SCH 
BSH 
HAP 
SPE 
BGZ 
m 
BNS 
SKI 

MCA 
JAV 
SSM 
ETB 
(SYP 

CAS 
mQ 
SSI 
LCH 
MAN 
CFA 
BEE 
CSU 
COL 

2002 (TAN0219) 
Catch Biomass C.V. 

("w 
13.6 
10.1 
95.7 
9.3 

38.2 
18:9 
57.7 
16.3. 
23.9 
16.2 
22.1 
24.6 
29.7 
65.3 
52.7 
37.7 
62.1 
44.8 
35.5 
73.4 
62.8 
71.0 
60.0 

160.0 
61.4 

100.0 
43.7 

100.0 
68.6 

11.5 
10.7 
9.6 

15.8 
13.4 
342 
10.6 
17.8 
12.6 
29.3 
23.9 
11.8 
25.8 
22.4 



Table 5: Estimated biomass (t) and coefficients of variation (%, below in parentheses) of the twelve major 
species by stratum. Species codes are given in Table 4. Sub-totals are provided for core strata (1-15) and 
core + Puysegur 800-1000 rn (Strata 1-25). 

12 

13 

14 

15 

Subtotal (strata 1-15) 

25 

Subtotal (strata 1-25) 

26 

27 

28 

Total (AU strata) 

HOK 
1029 
(45) 
206 
(39) 

1676 
(80) 
102 
(55) 
941 
(16) 
287 
(56) 
144 
(33) 
595 
(32) 

1 127 
(25) 

1748 
(12) 

11 484 
(31) 
888 
(33) 

4 586 
(44) 

6 442 
(46) 

5 015 
(17)' 

2 542 
(46) 

1077 
(16) 

39 890 
(13.8) 

235 
(51) 

40 125 
(13.7) 

89 
(100) 

288 
(15) 

0 

40 503 
(13.6) 

LIN 
2 224 

(73) 
121 
(20) 

1881 
(16) 
483 
(81) 

2 199 
(48) 
410 
(18) 
368 
(48) 
617 
(54) 
572 
(21) 

1 404 
(18) 

5 080 
(17) 
945 
(88) 
583 
(71) 

3 713 
(7) 

2 183 
(18) 

2 694 
(28) 
153 
(47) 

25 628 
(10.1) 

7 
(52) 

25 635 
(10.1) 

0 

0 

0 

25 635 
(10.1) 

BOE 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

12 
(67) 

0 

0 

0 

0 

12 
(66.9) 

0 

12 
(66.9) 

0 

19 421 
(97) 
287 
(82) 

19 719 
(95.7) 

GSP 
5 

(100 
7 

(56) 
74 

(53) 
0 

1338 
(18) 

60 
(95) 
312 
(19) 

56 
(73) 

61 
(83) 
976 
(34) 

1 198 
(18) 
379 
(81) 
305 
(17) 

2 395 
(23) 

1208 
(17) 
554 
(46) 

45 
(28) 

8 971 
(9.6) 

6 
(47) 

8 977 
(9.6) 

112 
(22) 

40 
(38) 
168 
(63) 

9 297 
(93) 



Table 5 (cont): Estimated biomass (t) and coefficients of variation (%, below in parentheses) of the twelve 
major species by stratum. Species codes are given in Table 4. Sub-totals are provided for core strata (1-15) 
and core +Puysegur 800-1000 rn (Strata 1-25). 

5a 

5b 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Subtotal (strata 1-15) 

25 

Subtotal (strata 1-25) 

26 

27 

28 

Total (AU strata) 

JAV 
24 

(45) 
143 
(47) 
152 
(47) 

7 
(96) 
867 
(32) 
127 
(46) 
242 
(18) 
148 
(42) 
504 
(40) 
744 
(61) 
596 
(17) 
372 
(55) 
883 
(36) 
797 
(30) 
625 
(30) 
550 
(28) 
336 
(44) 

7'118 
(114 

322 
(32) 

7 440 
(10.8) 

0 

82 
(42) 

2 
(100) 
7 524 
(10.7) 

SPD 
24 1 
(47) 

0 

121 
(38) 
793 
(69) 
33 

(61) 
0 

0 

82 
(48) 

15 
(71) 

35 
(48) 
361 
(25) 

0 

20 
(58) 
441 
(33) 
875 
(26) 
444 
(43) 

45 
(W 
3 505 
(18.9) 

0 

3 505 
(18.9) 

0 

0 

0 

3 505 
(18.9) 

WWA 
18 

(46) 
0 

88 
(33) 
496 
(39) 

39 
(73) 

10 



Table 6: Biomass estimates of hold, hake, and ling for all surveyed strata and for core 300-800 m strata. 
Estimates from previous Sub-Antarctic surveys are provided for comparison. 

Core strata (300-800 m) All strata (30&1000 m) 
EOKI Biomass C.V. (%) Biomas C.V. (%) 
Summer series 
1991 
1992 
1993 
2000 
2001 
2002 

Autumn series 
1992 
1993 
1996 
1998 

HAKE 
Summer series 
1991 
1992 
1993 
2000 
2001 
2002 

Auhmm series 
1992 
1993 
1996 
1998 

LING 
Summer series 
1991 
1992 
1993 
2000 
2001 
2002 

Autuntn series 
1992 
1993 
1996 
1998 



Table 7: Numbers of fish for which length, sex, and biological data were collected, - no data 

species 
h o w  squid 
Banded rattail 
Banded stargazer 
Baxter's lantern dogfish 
Black oreo 
Bluenose 
BoIlo11s's r a m  
Dark ghost shark 
Deepsea cardinalfish 
Deepwater spiny dogfish 
Four-rayed rattail 
Gemfish 
Giant stargazer 
Hake 
Ha* 
Hoki 
Javelinfish 
Ling 
Longnose velvet dogfish 
Longnosed chimaera 
Lookdown dory 
Lucifer dogfish 
Oblique banded rattail 
Oliver's rattail 
orange ~ U & Y  
Pale ghost shark 
Plunkeis shark 
Ray's bream 
Red cod 
Riialdo 
Ridge-scaled rattail 
Rough skate 
Scampi 
School shark 
Sea perch 
Seal shark 
Shovehosed dogfish 
Silver warehou 
Silverside 
Small-scaled slickhead 
Smooth ore0 
Smooth skate 
Smooths!& dogfish 
Southern blue whiting 
Southern Ray's bream 
Spiky oreo 
Spny dogfish 
Violet cod 
White warehou 
Widenosed chimaera 

Length fiequelicy data 
No. of No. of fish measured 

Total t Male Female 

Length-weight data 
No. of No. of 

samples 
- 
3 
1 

21 
9 
1 
3 

16 
5 
7 
1 
2 
21 
44 

1 
93 
10 
79 
11 
11 
38 - 
7 
2 
9 
68 - 
5 
8 

39 
18 
' 7 
3 
1 
2 
3 
10 
5 
13 
7 

16 
9 
2 
27 
2 
2 
47 

- 
28 
1 

7 Total is sometimes greater than the sum of male and female fish due to the sex of some 6sh not recorded 



Table 8:Lengtbweight regression parameters* used to scale length frequencies for the 12 major species. 

Species 
Black oreo 
Dark ghost shark 
Javelinfish 
Hake 
Hoki 
Ling 
Lookdown dory 
Pale ghost shark 
Ribald0 
Southem blue whiting 
Spiny dogfish 
White warehou 

Reeression mameters 
a b 2 

0.005560 3.394836 0.92 
0.001406 3.362004 0.98 
0.001035 3.215406 0.97 
0.002130 3.277208 0.98 
0.004127 2.914928 0.97 
0.001614 3.241921 0.97 
0.025521 2.981283 0.98 
0.009797 2.871995 0.97 
0.004320 3.226460 0.98 
0.003225 3.184461 0.98 
0.004527 3.000470 0.95 
0.013455 3.130060 0.99 

Data source 
TAN02 19 
TAN0219 
TAN02 19 
TAN0219 
TAN02 19 
TAN02 19 
TAN0219 
TAN0219 
TAN02 19 
TAN0219 
TAN0219 
TAN0219 

* W = a lb  where W is weight (g) and L is length (cm); ?is the correlation coeficient, n is the number of samples. 

Table 9: Numbers of how hake, and ling at each reproductive stage*. 

Reproductive stage 

1 
2 
3 
4 
5 
6 
7 
Total staged 

Hob 
Male Female 

697 741 
879 2 477 

8 10 
0 2 
0 1 

297 2 
89 227 

1970 3 460 

Male 
137 
124 

Hake 
Female 

198 
194 

8 86 
21 2 
30 1 
16 4 
1 19 

337 504 

Ling 
Male Femile 

194 480 
382 871 
218 77 
576 138 
240 27 
45 6 
4 4 

1 659 1603 

*See Appendix 1 for description of gonad stages. 



Table 10: Frequency of occurrence of the eight acoustic mark types classified by O'Driscoll(2001). Several mark types were usually present in the same echogram. n is 
the number of acoustic files examined. 

Acoustic file Max. depth (m) 
Day steam 30M00 

. 600-800 
800-1000 
Total 
% of total 

Night steam 300-600 
600-800 
800-1000 
Total 
% of total 

Trawl 300600 
600-800 
800-1000 
Total 
% of total 

Pelagic marks 
Surface Layer Schooi Layer Cloud 

Bottom marks 
Layer Cloud School Single target 

Table 11. Average trawl catch and acoustic backscatter from bottomrefereneed marks during tows where acoustic data quality was suitable for echo integration in the 
Sub-Antarctic in 2000-02. All tows were conducted during daylight. Data for 2000 and 2001 are from O'Driscoll(2002). 

Survey Number of Average irawl Average acoustic backscatter (m2 &') 
recordings catch (kg Bottom 10 m Entire layer 

2000 (TANOO12) 100 697 0.502 3.37 
2001 (TANOI18) 101 779 0.506 2.90 
2002 (TANO219) 96 726 0.657 4.08 



Figure 1: Survey area and stratum boundaries and numbers for the November-December ZOO2 
Sub-Antarctic trawl survey. 



Figure 2: Bottom trawl station positions. 
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Figure 4: Distribution and catch rates of 2 year-old (45-60 em) hold in the summer 2002 trawl survey. C i d e  
area is proportional to catch rate. 
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Figure 5: Distribution and catch rates of hake in the summer 2002 trawl survey. Circle area is proportional 
to catch rate. 



Zero catch 

Figure 6: Distribution and catch rates of Ling in the summer 2002 trawl survey. Cirde area is proportional to 
catch rate. 



, 1 NovemberlDecember 1991 m = 29 093 754 (12%) 

2 -1 NovemberIDecember 1992 m = 25 079 858 ( 9%) 

5 .- - - .- NovemberIDecember I993 
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.c 
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11 --- 

2 -/ NovemberIDecember 2000 . . 
m = 12 810 216 (1 

NovemberlDecember 2001 m = 9 655 589 (19%) 
m = 9 557 068 (19%) 

* 

NovemberlDecember ZOO2 

Total length (cm) 

Figure 7a: Scaled length frequency for male hold from all Sub-Antarctic Tangaroa trawl surveys. Population 
numbers for core strata are presented as black bars and for all strata as grey bars. Numbers (m values) 
above are for all strata and below (in bold) for core strata with c.vs in paren-es. 



2 -1 NovemberlDecember 1991 
f = 38 540 056 (9%) 

2 NovemberlDecember 1992 f = 34 909 584 ( 7%) 
1 

0 .  

NovemberlDecember 2000 f = 22 937 372 (12%) 
f = 22 596 402 (12%) 

NovemberlDecember ZOO1 f = 15 720 532 (14%) 
f = 15 205 687 (15%) 

2 1 NovemberlDecember 2002 

Total length (em) 

Figure m: Scaled length frequency for female hob from all Sub-Antarctic Tmgma trawl surveys. 
Population numbers for core strata are presented as black bars and for all strata as grey bars. Numbers (f 
values) above are for all strata and below (in bold) for core strata with cvs in parentheses. 
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NovemberlDecember 1991 
m = 594 652 (85%) 
m = 575 548 (88%) 

NovemberlDecember 1992 m = 43 520 (31%) 
m = 22 577 (32%) 

- - 

m 
UJ NovemberlDecember 1993 m = 125 819 (: 
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NovemberlDecember 2001 m = 146 593 (14%) 
m = 48 602 (31%) 

- 
40 NovemberlDecember ZOO2 m = 175 288 (20%) 

m = 64332 (39%) 
20 
0 .  

" a 
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Total length (crn) 

Figure 8a: Sealed length frequency for male hake from all Sub-Antarctic Tmgaroa trawl surveys. 
Population numben for core strata are presented as black bars and for aU strata as grey bars. Numbers (m 
values) above are for all strata and below (ii bold) for core strata with c v a  in parentheses. 
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Fignre 8b: Sealed lengtb frequency for female hake from all Sub-Antarctic T M ~ U ~ O U  trawl surveys. 
Population numbers for core strata are presented as black bars and for all strata as grey bars. Numbers (f 
values) above are for all strata and below (in bold) for core stratawith c.vs in parentheses 



NovemberIDecember 1991 m = 3 476 726 ( 6%) 
m = 3 474 679 ( 6%) 

- 

NovemberlDecember 1992 m = 3 627 741 ( 7%) 
m = 3 783 672 ( 7%) 

400 -1 NovemberlDecember 1993 m = 4 745 116 (16%) 

NovemberlDecember 2001 m = 5 541 474 ( 7%) 
m=5512967(7%) 

. 
NovemberlDecember 2002 rn=4662926(11%) 

m = 4 681 006 (11%) 

Total length (cm) 

Figure 9a: Scaled length frequency for male ling from all Sub-Antarctic Tmguroa trawl surveys. Population 
numbers for core strata are presented as black bars and for all strata as grey bars. Numbers (m values) 
above are for all strata and below (in bold) for wre strata with c.vs in parentheses. 
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f = 6 376 670 (10%) 

Total length (cm) 

figure 9b: Scaled lengtb frequency for female Ling from all Sub-Antarctic T ~ g a 1 0 a  trawl surveys 
Population numbers for core strata are presented as black bars and for all strata as grey bars. Numbers (f 
values) above are for all strata and below @I bold) for core strata with cvs in parentheses 

34 



k oreo - Males Black ore 
scaled total = 13 669 970 , n I 

10 20 30 40 50 10 20 30 40 50 
Total length (cm) 

scaled total = 723 366 
C.V. = 45 % cv.=37% 

" = I 0 3  n = 9 3  

0 20 40 M) 80 0 20 40 60 80 
Chimaera length (an) 

5q Javelinfish - unsexed 
scaled total = 59 825 908 

V) c.v.=70% 

$ 4.0 n = 5 9 4 5  .- = 

10 20 30 40 50 60 

Total length (cm) 

F i e  10: Leugth trequency by sex of other major species in the November-December 2002 survey. Scaled 
total is the estimated total number of fish in the surveyed area, C.V. is the coefficient of variation, n is the 
number of fish measured. Hatched bars indicate unsexed fish. 
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Figure 10 (cont): Length frequency by sex of other major species in the November-December 2002 survey. 
Sealed total is the estimated total number of fish in the surveyed area, C.V. is the coefficient of variation, n is 
the number of fish measured. 
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Figure 10 (cont): Length frequency by sex of other major species in the November-December 2002 survey. 
Scaled total is the estimated total number of fish in the surveyed area, C.V. is the coefficient of variation, n is 
the number of fish measured. 
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;: 4 NovemberlDecember 2002 

Figure l la: Scaled age frequency for male hold from all Sub-Antarctic Tmgaroa trawl surveys for the core 
300-800 m survey area. Number of fish aged (m values) are given with cvs  in parentheses. 
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:o" 4 NovemberlDecember 2002 

Figure l lb:  Sealed age frequency for female hold from all Sub-Antarctic Tungaroo trawl surveys for the 
core 300-800 rn survey area. Number of fish aged (fvalues) are given with c.vs in parentheses. 
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Figure 1Za: Sealed age frequency for male hake from all Sub-Antarctic Tmgaroa trawl surveys for the core 
300-800 m survey area. Number of fish aged (m values) are given with c.vs in p~rentheses. Note change of 
scale between November/December 1991 and subsequent years. 
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Figure 12b: Sealed age frequency for female hake from all Sub-Antarctic Tanguroa trawl surveys for the 
core 300-800 m survey area. Number of fish aged (f values) are given with c.vs in parentheses. 
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Figure 13a: Scaled age frequency for male ling from all Sub-Antarctic Tangmoa trawl surveys for the core 
300-800 m survey area. Number of fish aged (m values) are given witb c.vs in parentheses. 
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Figure 13b: Scaled age frequency for female ling from dl Sub-Antarctic Tmgaroa trawl surveys for the core 
30&800 m survey area. Number of Gsh aged (f values) are given with c v s  in parentheses. 
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Figure 14: Liver condition of hold during 2002 Sub-Antarctic survey. Hold were grouped into two classes 
based on macroscopic gonad stages (see Appendix 1 for staging details). 
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Figure 15: Acoustic whogram collected during tow 93 showing schools of 2 year-old hold 20-50 m above the 
bottom. The horizontal scale (500 pings) is equivalent to about 2.7 lan at the tow speed of 3.5 knots. The 
trawl caught 1522 kg imi2 of 2 year-old hold 



Figure 16: Acoustic echogram collected during tow 102 showing an aggregation of large single targels close 
to the bottom. The horizontal scale (300 pings) is equivalent to about 1.6 lon at the tow speed of 3 5  knots. 
The trawl caught 4814 kg kniz of spawning ling. 



Acoustic density in bottom 10 rn (m2 krn-*) 

Total acoustic density (rn2 krn-2) 

Figure 17. Relationship between total trawl catch rate (all species combined) and acoustic backscatter 
recorded during the trawl in the Sub-Antarctic in 2002. Rho values are Spearman's rank correlation 
coefficients. 



Figure 18: Surface water temperatures (T). Squares indicate station positions. Not all temperatures are 
labelled where two or more stations were close together. Contours show estimated isotherms. 



Figure 19: Bottom water temperatures PC). Squares indicate station positions. Not all temperatures are 
labelled where two or more stations were dose together. Contours show estimated isotherms. 



Temperature (C) 

6 8 10 12 

Figure 20: Examples of vertical proUes of temperature (upper panel) and salinity (lower panel) from data 
collected using the net-mounted CTD. Tow 19 was on the eastern part of the Campbell Plateau (stratum 13) 
and tow 101 was on the Stewart-Snares shelf (stratum 3A). 



Appendix 1: Description of gonad development used for staging male and female teleosts 

Researdh gonad stage Males Females 

Immature Testes small and translucent, 
threadlike or narrow membranes. 

Resting Testes are thin and flabby; 
white or transparent 

Ripening Testes are firm and well 
developed, but no milt is 
present. 

Ripe Testes large, well developed; 
milt is present and flows when 
testis is cut, but not when 
body is squeezed 

U - r *  Testis is large, well formed; 
milt flows easily m k  
pressure OD the body. 

Partially spent Testis somewhat flabby and may 
be slightly bloodshot, but milt 
still flows fteely under 
pressure on the body. 

Testis is flabby and bloodshot 
No d t  in most of testis, but . 
there may be some remaining 
near the lumen Milt not easily 
expressed even when present 

Ovaries small a d  translucent 
No developing oocytes. 

Ovaries are developed, 
but no developing eggs are 
visible. 

Ovaries contain visible 
developing eggs, but no 
hyaliue eggs present 

Some or all eggs are 
hyaljne, but eggs are not 
d e d  when body is 
squeezed 

Eggs flow ke ly  h u  the 
ovary when it is cut or the 
body is pressed. 

OvarypaMy deflate4 
o%en bloodshot. Some 
hyaliue and ovulated eggs 
present and flowing fium 
a cut ovary or when the 
body is squeezed 

Ovary bloodsho$ ovary 
wall may appear thick 
and white. Soine residual 
ovulated eggs may still 
remain but will not flow 
when body is squeezed 



Appendix 2: Mentitic and common names, species codes and occurrence (Occ.) of fish, squid, and other 
~ - 

organisms. 

Scientific name 

Chondrichthyes 
Squalidae: dogfishes 

Centrophom squamosur 
Centroscymnus crepidater 
C. owstoni 
C. plunketi 
Deania calcea 
EmtopteNY bmrteli 
E. lucifer 
Scym~rhinus licha 
Squalus acanthias 

Oxynotidae: rough sharks 
Oxynotur bmniensis 

Scyliorhinidae: cat sharks 
ApriWwU7 spp 
Halaeluncr dmvsoni 

Triakidae: smoothhounds 
Galeorhznus galeus 

Rajidae: skates 
Amblyraja sp 
Batkyraja shuntovi 
Baihyraja sp 
Diphaus innominata 
D. naruta 
Pavoraja arperula 
P. spinifera 

Chimaeridae: chimaeras, ghost sbarks 
Chimera phantarma 
Chimaera sp 
Hydrolagus novaezelandiae 
Hydrolagus sp. B 

Rhinochimaeridae: longnosed chimaeras 
Hamotta raleighm 
Rhinochimamapacz$ca 

Osteichthyes 
Notacanthidae: spiny eels 

Notacanthus sexpinis 
Synaphobchidae: nmhroat eels 

Dimtobranchus capemis 
Congridae: conger eels 

Barsanago bulbiceps 
B. himctur 

Gonorynchifonnes: sandfish 
Gonorynchusforsteri 

Argentinidae: silversides 
Argentina elongata 

Bathylagidae: deepsea smelb 
Bathylagus spp 

Alepocephalidae: slickheads 
Alepocepholus australis 

Chauliodontidae: viperfishes 
Chauliodus sloani 

Common name 

deepwater spiny dogfish 
longnose velvet dogfish 
smooth skin dogfish 
Phmkefs shark 
shovelnose dogfish 
Baxte~'s dogfish 
Lucifer dogfish 
seal shark 
spiny dogfish 

prickly dogfish 

school shark 

deepwater spiny skate 
longnosed deepsea skate 
bhmtnose skate 
smoothskate 
rough skate 
smooth bllmblosed skate 
prickly bhmtnosed skati 

giant chimaera 
brown chimaera 
dark ghost shark 
pale ghost shark 

longnose chimaera 
widenose chimaera 

basketwork eel 

deepsea s d t  

small-scaled brown slickhead 

viperfish 

Species 
code 

CSQ 
CYP 
CYO 
PLS 
SND 
m 
ETL 
BSH 
SPD 

PDG 

APR 
DCS 

SCH 

DSK 
PSK 
BTn 
SSK 
RSK 
BTA 
BTS 

CHG 
CW 
GSH 
GSP 

LCH 
RCH 

SBK 

BEE 

SCO 
HCO 

DSS 

SSM 

CHA 



Appendix 2 cont: Scientific and common names, species codes and occurrence (Occ) of fsh, squid, and other 
organisms. 

Scientific name 

Stomiidae: scaly dragonfishes 
Stomias spp 

Astronesthidae: snaggletwths 
Bomstomias nononema 

Melanostomiidae: scaleless black dragonfishes 
Species not identified 

Malacosteidae: loosejaws 
Species not identified 

Idiacanthidae: black dragonfishes 
Idincanthus sp 

Photichthyidae. lighthouse fishes 
Photichthys agenteus 

Paralepididae: banacudinas 
Species not identified 
Magnisudisprionosa 

EvermarmeIlidae: sabretooth fishes 
Evermanella indica 

Myctophidae: lanternfishes 
Species not M e d  
+anycm sp 

Muraenolepididae: moray cods 
Muraenolepsis mannoratus 

Moridae: morid cods 
Antimora rosfrnta 
Ausmphycis marginata 
Halmgyrew johnsoni 
Lnemonema spp 
Lepidion microcephalus 
Mora mom 
Pseudophycis backus 
Tripterophycis gilchrirti 

Gadidae: true cods 
Micromesistiur miralis 

Merlucciidae. hakes 
L p n u s  sp. 
M m o n u s  novaezelandiae 
Merlucciur australis 

Macmuridae: rat@&, grenadiers 
Caelorinchus acantkiger 
C. mpercepkaIus 
C. bicIinozonalis 
C. bollonri 
C. fmciatus 
C innotabilis 
C. kaiyomanr 
C. matamua 
C. oliverianus 
C. parvifaFciatus 
Coryphaenoides dossenus 
C. murroyl' 
C. senulatus 
C .  subsenulatur 
Lepidorhynchus deniiculatus 

Common name 

scaly dragonfish 

scaleless black dragonfish 

loosejaw 

black dragonfish 

lighthouse fish 

moray cod 

violet wd 
dwarf cod 
slender cod 

small-headed cod 
nialdo 
red wd 
grenadier cod 

southern blue whiting 

hold 
hake 

spottyfaced rattail 
oblique-banded rattail 
two saddle rattail 
Bollom's rattail 
banded rattail 
notable rattail 
Kaiyomam rattail 
Mahia rattail 
Oliver's rattail 
small-banded rattail 
humpback rattail 
abyssal rattail 
senulate rattail 
fourrayed rattail 
javelinfish 

Species 
code 

ST0 

BMO 

MST 

MAL 

ID1 

pH0 

PAL 
BCA 

SAB 

LAN 
LPA 

MRL 

VCO 
DCO 
HJO 
LAE 
SMC 
RIB 
RCO 
GRC 

SBW 

LYC 
HOK 
HAK 

CKX 
CAS 
CBI 
CBO 
CFA 
CIN 
CKA 
ch4A 
COL 
CCX 
CBA 
CMU 
CSE 
CSU 
JAV 



Appendix 2 cont: Scientific and common names, species codes and occurrence (Occ.) of fish, squid, and other 
organisms. 

Scientific name 

Macroum carinatus 
Mesobiw antipodwn 
Trachyrincus aphyodes 
Venmissa nigromaculata 

Ophidiidae: cusk eels 
Genypterus blacodes 

Carapidae: pearlfishes 
Echiodon cryomargarites 
&amo&n ventrah 

Trachipteridae: dealfishes 
Trach$tour frnchyptour 

Regalecidae: oarfishes 
Agrostichthys parkeri 

Trachichthyidae: mughies 
Hoplostethas atlanticur 
H. meditmaneus 
Paratrachichthys trailli 

Disemidae: discfishes 
Direfmw argentew 

Melamphaidae: bigscalefishes 
Species not identified 

Zeidae: dories 
Cnpromimw abbreviatus 

novaezelandiae 
C. Iraversi 

Scorpaenidae: scorpion6she.s 
Heliwlenw spp 

Oreosomatidae: oreos 
Alloqitw nigm 
Neoqitw rhomboidalk 
Psardocyttus maculatus 

Macrorhamphosidae: snipefishes 
Cenbiscops obliquus 

Congiopcdidae: pigfishes 
Congiopodus wrincnrs 

Hoplichthyidae: ghostflatheads 
Hoplichthys hanvelli 

Psychrolutidae: toadtishes 
Neoph~zchthys angustus 
N. latus 
Psychrolutes sp 

Percichthyidae: temperate basses 
Polyjwion oxygeneios 

Apogonidae: civdinal6shes 
Epigonus lenimen 
E. robustus 
E. telescopur 

Bramidae: pomfiets 
Brama brama 
Brarna australis 

Uranoscopidae. ammurhead stargazers 
ffithetostoma giganteurn 
Kathetostoma sp 

ridge-scaled rattail 
black javelinfish 
wbite rattail 
blaclcrpot rams 

messmate fish 
pearlfish 

orange mughy 
saver mughy 
common mughy 

big-scale fish 

caprodory 
silver dory 
lookdown dory 

black ore0 
spiky- 
smooth ore0 

redbanded bellomfish 

deepsea pigfish 

deepsea flathead 

pale toadfish 
dadc toadfish 
blobfish 

bigeye cardinalfish 

black cardinalfish 

Ray's bream 
southern Ray's bream 

giant stargazer 
banded stargazer 

species 
code 

MCA 
BJA 
WHX 
VNI 

LIN 

ECR 
PVE 

DEA 

AGR 

ORH 
SRH 
RHY 

DIS 

MPH 

CDO 
SDO 
LDO 

SPE 

BOE 
SOR 
SSO 

BBE 

DSP 

FHD 

TOP 
TOD 
PSY 

HAP 

EPL 
EPR 
EFT 

RBM 
SRB 

STA 
BGZ 



Appendix 2 cont: Scientific and common names, species codes and occurrence (Ow) of fish, squid, and other 
organisms. 

Scientific name 

Gempylidae: snake mackerels 
Paradiplospinus gracilis 
Reiea solandri 

Chmlophidae: raflfishes, medusafishes 
Cenbolophus niger 
Hyperoglyphe antarctica 
Icichthys aurtralis 
Serialella caerulea 
S punctata 
Scheabphilus sp 
Tubbia tarrnanica 

Temgomnidae: squaretails 
Tetragonunu cuvieri 

Bothidae: lefteyed flounders 
Arnoglossus scapha 
Neoachiropsetta rnilfordi 

Other marine organisms 

Porifera 

Cnidaria 
S C Y P ~ a  

Tunieata 
Thaliacea 

&rasoma atlanticurn 

Gastropods 
Fusiiron rnagellanicur 
Coccopigya hispida 
Cqymanabyssia sinespina 
Pseudococculina gregana 
Leptogyra pahrla 
Lepfogyropsis kaltanae 
Leptogyropsis kalinovoae 
Xyloskenea costulifea 
Bathyxylophila excelsa 
Eosipho sp 
Odostomia sp 

Aplysiomorpha 
Volutidae 

Common name 

ruddemsh 
bluenose 
r a m  
white warehou 
silver warehou 
pelagic butterfish 

witch 
M e s s  flounder 

unspecified sponges 

unspecified jellyfish 

lmspecified corals 

unspecified sea anemones 

unspecified 

mspecified sea hare 
unspecified volute 

species 
code Occ. 

PDS 2 
SKI 3 

RUD 6 
BNS 1 
RAG 1 
WWA 35 
SWA 5 
SUS 1 
TUB 4 

TET 1 

WIT 3 
MAN 34 

ONG 46 

COU 6 

ANT 49 

SAL . 5 
PYR 86 

GAS 8 
FMA 20 

I* 
l* 
l* 
l* 
I* 
l* 
l* 
l*  
l*  
1' 

SHR 1 
VOL 2 

* Identified fiompiece of sunken wocd caught in the bwl .  



Appendix 2 cont: Scientific and common names, speeia coda and occurrence (Occ.) of fish, squid, and other 
organisms. 

Scieniiiic name 

Cephalopo& 
Cranchiidae 
Histioteuthidae 

Histioteuthis spp 
Octopoteuthiidae 

Taningin &nae 
Ommastrephidae 

Nototodams sloanii 
Todarodes flippovae 

Onychoteuthidae 
Moroteuthis ingens 
M. robsoni 

Octopoda: octopods 
Octopodidae 

Graneledone spp 
Opisthoteuthididae 

Opisthoteuthis spp 

Crustacea 
Decapdd 
Penaeidea 

sergestes spp 
Caridea 

Acanthephyra spp 
Arirtaeomorpha foliacea 
Arirtaeopsis edwardrianus 
Aristeus sp 
Cnmplyomtus rathbonae 
Lipkius holthuisi 
Oplophoms mvaezeelandiae 
Pasiphaea spp 

Astacidea 
Neplnopsidae 

Metanephrops challengen 
Galatheidae 

Munida gregmia 
Munidopsis sp 

Polychelidae 
Stereomastic suhmi 

Anonnua + Brachyura 
Anomma 
Lithodidae 

Lithodes murrayi 
Neolithodes brodiei 
Paralomis hystrir 

Pagwidea 

Common name 

violet squid 

arrow squid 
Antarctic flying squid 

deepwater octopus 

mspeci6ed sea spider 

royal red prawn 
scarletprawn ' 

scarlet prawn 
sabre prawn 
omegaprawn 

scampi 

unspedied crabs 
unspeaed anomuran 

southern stone crab 

lmspecified hermit crab 

Species 
code 

CHQ 

'JSQ 

OSQ 

NOS 
TSQ 

MQ 
i-Q 
OCT 

DWO 

OPI 

PYC 

SER 

ACA 
AFO 
PED 
ARI 
CAM 
LHO 
ON0 
PAS 

SCI 

Mm 

PLY 

CRB 
ZAN 

LMU 
NEB 
PHs 
PAG 

* Identified fmmpiece of sunken wood caught in the trawl. 



Appendix 2 conk Scientific and common names, species codes and occurrence (Oce) of fish, squid, and other 
organisms. 

S c i e n ~ c  name 

Brachyura 
Majidae 

Jacquinotia ehardrii 
Leptomithrar aurtralis 

Eehinodermata 
Asteroidea + Ophiuroidea 

Astemidea 
CaymanosteIlidae 

Caymanostella sp 
Goniasteridae 

Hipparteria trojana 
Mediaster sladeni 

Odontasteridae 
Odontaster spp 

Solasteridae 
Crossaster japonicus 
Solaster torulatw 

Zoroasteridae 
Zomaster spp 

Astmpectinidae 
Plutonastpr spp 
Psilaster acuminatus 

Ophiuroidea 
Gorgonocephalidae 

Gorgonocephnlus sp 

Holothuroidea 

Echinoidea 
Cidaridac 

Goniocidaris parasol 
Poriocidaris sp 

Echinidae 
Domechinus homdus 
Gracilechinus mulridentatu 

Echinothddae 
Araeosoma spp 

Spatangidae 
Paramaretia multitubmculata 

Temnopleuridae 
Pseudochinus albocinctus 

Common name code 

giant spider crab GSC 
masking crab SSC 

unspecified starfish SFI 

uuspecified asteroid ASR 

starfish 
Sladen's star 

pentagonal tooth-star 

rat-tail star 

starfish 
geometric star 

HTR 
MSL 

ODT 

CJA 
SOT 

ZOR 

PLT 
PSI 

unspecified sea cucumbers SCC 

GPA 
cidarid urchin PCD 

DHO 
GRM 

unspecified Tam O'Shanter urchins TAM 
Tam O'Shanter urchin ARA 

heart urchin PMU 

PSA 

Occ. 

1 
5 

6 

45 

l* 

28 
1 

. 7  

6 
6 

36 

4 
14 

1 

49 

10 
1 

2 
2 

11 
17 

2 

1 

* Identified frompiece of sunken wood caught in the trawl. 


