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EXECUTIVE SUMMARY 

O"Driseoll, RL.; Bagley, N.W. (2003). Trawl survey of middle depth species in the Southland and 
Sub-Antarctic areas, November-December 2001 (TAN0118). 

New Zealand Fisheries Assessment Report 2OO3/l. 53 p. 

The fifth summer trawl survey of the Southland and Sub-Antarctic areas was canied out on Tangaroa 
from 19 November to 18 December 2001. A total of 106 successful stations (96 phase 1 and 10 phase 2) 
were completed in 21 strata. Target coefficients of variation (c.v.s) were achieved for the key species: 
hcki (actual C.V. = 15%, target C.V. = 15%), hake (19%, 20%). and ling (7%. 15%). The biomass 
estimate of hoki within the core 3GO-800 m survey area was 38 000 t, a decline of 30% from the 
previous survey in 2000. Hoki biomass in 2001 was only 4040% of the biomass observed in surveys of 
tb Sub-Antarctic in the early 1990s. The hoki length distribution was unimodal and dominated by fish 
from the 1991-94 yearclasses. Biomass estimates for ling (25 000 t) and hake (2400 t) in 2001 were 
bcth 24%. lower than in 2000. There was no evidence for a decrease in trawl catchability in 2001 or of 
ur~usual environmental conditions which would bias trawl survey results. The total trawl catch in 2001 
W;= higher than in 2000, and biomass estimates for a number of bycatch species, including black oreo, 
sasuthern spiny dogfish, and ribald0 increased. Organ (liver, heart, and gonad) weights and condition 
indices of hoki were obtained in ar~  attempt to provide information on the proportion spawning. 
Condition indices were highly variable, but hoki .that were classified macroscopically as spent or 
partially spent appeared to have lower liver condition than fish of other macroscopic stages. Acoustic 
data were also collected during the bawl survey. Mark types were similar to those observed in 2000. 



1. INTRODUCTION 

Trawl surveys of the Southland and Sub-Antarctic region provide fishery independent abundance 
indices for hoki, 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, and catches of hoki from the southern 
region were about 32 000 t in 200041 ( A ~ a l a  et al. 2002). Hake and ling are also important 
commercial species in the Southland and Sub-Antarctic, with catches in 2000-01 at the levels of the 
TACCs of 3600 t for hake, and 10 000 t for ling ( h d a  et al. 2002). 

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, and UXX), and an autunm series 
in April-May 1992, 1993, 1996, and 1998 (reviewed by O'Driscoll & Bagley 2001). The main focus of 
the early surveys (1991-93) was to estimate the abundance of hoki. The surveys in 1996 and 1998 were 
developed primarily for hake and ling. Autumn surveys was chosen for these species as the bioimss 
estimates were generally higher and more precise at this time of year. Autumn surveys also allowed the 
proportion of hoki 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. F i  
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 
autumn trawl survey series was complicated by the possibility that different prOpOm01ls of the hoki 
adult biomass may have 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 surveys. 
The longer daylight hours in December allow more stations to be occupied than in April, so more hake 
samples are likely to be taken. 

Hoki biomass in the 2000 survey was the lowest in the s u m e r  time series, and only 56% of the 
biomass obsemed in the previous summer survey in 1993 (O'Driscoll et al. 2002). This observation was 
consistent with a decreased biomass on the west coast South Island spawning ground during an. acoustic 
survey in winter 2000 (Cordue 2002). The hoki assessment in 2001 suggested that the stocks of hoki 
were not as large as previously thought ( A ~ d a  et al. 2001). A further summer survey of the Southland 
and Sub-Antarctic areas in 2001 was camied out provide another estimate of hoki biomass, at a time 
when all western fish should be on the grounds, befote the 2002 hoki assessment. 

This report presents results from the 2001 trawl survey, the fifth in the summet time series, carried out 
from 19 November to 18 December 2001 (TAN0118). The main purpose of the report is to outline the 
survey design and methods and to make available data on commercially important species which are 
relevant to stock assessment and fisheries management. Data are included on organ weights and 
condition £mm a pilot study to determine whether there was any obvious dichotomy in condition indices 
which could be used as an indicator of hoki spawning. A qualitative summary of mark types recorded 
acoustically during the trawl survey is also provided. This is the final reportiug requirement h m  
Objectives 1-4 of Ministry of Fisheries Research Roject MDn001/01 (Estimation of hoki and middle 
depth fish abundance on the Southern Plateau using trawl surveys). 

2. METHODS 

2.1 Suwey design 

The survey was of a two-phase stratified randomdesign (after Francis 1984). stratified by area and depth. 
The de& was the same as that used in the 2000 survey (O'Driscoll et al. 2002). The survey area was 
divided into 21 strata by depth (300600,600-800, and 800-1000 m) and area (Figure 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 
autumn surveys. As in 2000, Strata 3 and 5 were subdivided to increase the coverage in the region where 
hake and ling aggcegations were thought to occur (Bull et al. 2000). There was no 8GO-1000 m stratum 
altmg the eastem side of the survey area as catches of hake, hoki, and ling from adjacent strata were 
s n d .  Known areas of foul ground were excluded from the survey. 

Stratum area9 are given in Table 1. The area of Stratum 1 (Puysegur 30(M00 m) was less than reported 
for the 1996 and 1998 autumn surveys (Colman 1996, Bagley & McMillan 1999), because in those years 
th~: Stratum 1 boundary was erroneously based on the 200 m rather than the 300 m bathymetric contour 
(Cl'Driscoll& Bagley 2001). 

The allocation of stations in phase 1 was based on a statistical analysis of catch rate data from the 
previous Tangama summer trawl surveys. Details of the station allocation process were given by BuU et 
al (2000). A minimum of three stations per stratum was used. Some strata had to be dealt with outside 
the statistical liamework because the 800-1000 m depth range was not included in summer surveys 
before 2000, and because of the need to focus effort on covering the full distributional range of hake age 
cllsses. Conservative target c.v.s of 17% for hake and 10% for hoki and ling were used in the statistical 
anlalysis to increase the chance that the Ministry of Fisheries target c.v.s of 20% for bake and 15% for 
hoki and ling would be met. A total of 96 stations were planned for phase 1. 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. 
The number of stations successfully completed is given in Table 1. 

2.2 Vessel and gear specifications 

Tangaroa is a purpose-built 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 bottom haw1 with 100 m sweeps, 50 m bridles, 12 m backstrops, 58.8 m 
groundrope, 45 m headline, and 60 mm codend mesh (see Chanerton & Hanchet (1994) for net plan and 
rigging details). The trawl doors were Super Vee type with an area of 6.1 m'. Measurements of 
doorspread (from a Scanmar 400 system) and headline height (from a P m 0  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 NlWA, 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 
stition position. If no suitable ground could be fobd. the station was abandoned and another random 
position was substituted. Tows were carried out during daylight hours (as defined by Hunt et al. 1992). 
The trawl was shot no earlier than 0520 h NZDST in the morning and no later than 2000 h NZDST. At 
each station the trawl was towed for 3 n. miles at a speed over the ground of 3.5 knots. If foul ground 
w,as encountered, or the tow hauled early due to reducing daylighf the tow was included as valid only if 
at least 2 n. miles had been covered. If tine 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 @awl was shot on that course 
&:fore 2000 h, 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 @oth day and 
night) using a custom-built CREST system (Combs 1994) with hull-mounted Sin& single-beam 
12-kHz and 38-kHz hansducers. CREST is a computer-based "software echo-sounder" which supports 
multiple channels. The transmitter was a switching type with a nominal power output of 2 kW m. 
Tmmitted 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 ADC5 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 t e m  and the complex data stored for later processing. The 38-kHz transducer was calibrated 
before the survey following standard procedures F m t e  et al. 1987). The 12-kHz transducer was not 
calibrated. Data collected on 12 kHz were used only to make visual comparisons with 38-kHz data and 
were not analysed quantitatively. 

2.5 Hydrology 

Surface temperatures were obtained at the beginning of each tow from a temperam sensor mounted on 
the hull at a depth of about 5 m. Bottom temperatures were recorded from the Funmo net monitor 
mounted on the headline of the trawl about 7.0 m above the bottom. A basic calibration of temperature 
sensors was carried out using a Guildline CTD. Vertical casts were made after two trawl shots to 
compare readings from the sensors during the trawl with the CTD. 

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. 

An approximately random sample of up to 200 individuals of each commercially important species from 
every successful tow was measured and sex determined. More detailed biological data were also 
collected on a subset of species and included fish weight, sex, gonad stage, gonad weight, and 
occasional observations 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 
three main species is given in Appendix 1. 

Organ weights were also recorded from 20 hoki per station to determine condition indices. Total, gutted, 
gonad, and liver weights were recorded at sea, and hearts were frozen and weighed back in the 
laboratory. Female gonads from a subset of hoki with recorded organ weights were preserved and are 
available for future microscopic examination. 

Gill arches were collected from all hoki where otoliths were taken for a separate project on stock 
discrimination (HOK2001/05). 



2.:7 Trawl data analysis 

Doorspread biomass was estimated by the swept area method of Francis (1981, 1989) using the 
fo~mulae in Vignaux (1994). Biomass and coefficient of variation (c.v.) were calculated by stratum for 
miijor species. The group of "major" species was defined by O'Driscoll& 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, ribaldo, white warehou) and one noncommercial species 
(jalvelinfish). 

The catchability coefficient (an estimate of the proportion of fish in the path of the net which are caught) 
is the product of vulnerability, vertical availab'ity, and areal availability. These factors were set at 1 for 
the analysis, the assumptions being that f s h  were randomly distributed 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 Trawlswey Analysis Program, 
version 3.2 (Vignaux 1994). using length-weight data from this survey when data were adequate, or 
using data from other relevant surveys. 

Dita from all statious 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 

Hl~ki, hake, and ling otoliths were prepared and aged using validated ageing methods (hoki, Horn & 
Stdlivan (1996) as modified by Cordue et al. (2000); hake, Horn (1997); ling, Hom (1993)). 

St~bsamples of hoki and ling otoliths were selected from those collected during the trawl survey by 
randomly selecting a set number of otoliths from each of a series of 5 cm length bins covering the bulk 
of the catch and then systematically selecting additional otoliths to ensure the tails of the length 
distribution are represented. Subsamples were between 700 and 800 otolitbs, which approximated the 
sample size necessary to produce a mean weighted C.V. of less .than 20% across all age classes. All hake 
otoliths couected were read. 

Numbers at age were calculated from observed length frequencies and age-length keys using customised 
NIWA "catch.at.age" software. For hoki, this software also applied the "consistency scoring" method of 
Fmcis (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 @oth during trawls and while steaming between 
stntions) 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 kHz and 12 kHz (see O'Driscoll(2001) for 
details). Descriptive statistics were produced on the frequency of occurrence of different mark types. 

A quantitative analysis to estimate the ratio of acoustic vulnerability to haw1 catchability for hoki and other 
spxies was described by O'Driscoll(2002). 



3. RESULTS 

3.1 S u ~ e y  coverage 

A total of 106 successful trawl survey stations were completed in 21 strata (F~gure. 2, Table 1). This 
included the 96 planned phase 1 stations, and 10 phase 2 stations. Four other stations also completed 
were considered unsuitable for biomass estimation due to coming fast and foul ground reducing tow 
length to less than 2 U. miles. The unsuccessful stations are numbered 18,20,37, and 60 in the Ministry 
of Fisheries trmvl database. The total survey area covered was 320 195 ku? with an average station 
density of 1:3021 IQI?. 

3.2 Gear performance 

Gear parameters by depth are summarised in Table 2. The headline height was obtained on every 
successful tow, but there were no doorspread readings for 11 tows. Missing doorspread values were 
replaced with the average doorspreads from data collected in the same depth strata on this voyage. Gear 
parameters in 2001 were similar to those recorded on previous Tangaroa surveys in the time series 
(Table 3). Mean dmpread was slightly lower in 2001, but this was because there were no tows with 
wide doorspread (over 130 m) (Table 3). Wide doorspreads typically occur in rough weather, which was 
not experienced in 2001. 

3.3 Catch 

One hundred and fifty species or species groups were caught including 91 teleosts, 24 elasmobranchs, 7 
squids, and 14 crustaceans. The remaining 14 species or groups were assorted benthic and pelagic 
organisms. A list of all species caught, their species codes, and the number of stations at which they 
occurred is given in Appendix 2. The total catch was 54.9 t (Table 4). 

3.4 Biomass estimates 

Total survey biomass estimates for all commercial species and the most abundant noncommercial 
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 300400 m depth range (Strata 1-15) in 
Table 6 and compared with results of previous summer surveys where the maximum depth was 800 m 
over much of the area (O'Driscoll & Bagley 2001). 

Biomass estimates of hoki, hake, and ling were all lower in 2001 than in 2000. Hoki biomass in 2001 
was the lowest in the summer time series, declining by 30% from 56 407 t in 2000 to 39 396 t in 2001. 
Estimated biomass in 2001 was only 40-50% of the biomass observed in summer trawl surveys in the 
early 1990s, and 43-55% of the biomass in the most recent autumn surveys (Table 6). The biomass 
estimate in 2001 was lower even than in autumn 1993 when the survey was conducted late @fay-June) 
and it was thought many hoki had already left the survey area for spawning. 

Biomass of ling in 2001 was 24% lower than in 2000, and lower than in all previous autunm surveys, 
but was similar to summer surveys in the early 1990s (Table 6). Biomass of hake also fell by 24% from 
2000, with much of the decline occurring in the deeper strata. About 30% of the hake biomass in 2000 
occurred from 80C-1000 m strata, but only 22% of the estimated hake biomass in 2001 was from this 
depth range (Table 6). 



Biornass estimates for other common species, including southern blue whiting, javelinfish, and pale 
ghost shark also declined from 2000 to 2001 (see Table 4). However, biomass estimates for species 
such as black oreo, smooth oreo, southern spiny dogfish, white warehou, ridge-scaled rattail, and ribald0 
all increased (see Table 4). suggesting that there was not an overall decrease in trawl catchabiity in 
X01 compared to 2000. 

3.5 Species distribution 

The distribution and catch rates at each station for hoki, hake, and ling are given in Figures 3-5. Hoki 
were widespread throughout the core 300-800 m survey area, occurring at almost all trawl stations 
03gure 3). As in previous surveys (O'D~iscoU & Bagley 2001), high catches of hoki occurred more 
frequently in the west, on the StewaaSnares shelf, on the western side of the Campbell Rise, and at 
Physegur. 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 4). Most hake were caught in 600-800 m 
strata, with about 22% of the biomass from the 800-1000 m depth range (Table 5). Ling were widely 
distributed with consistent catches over most of the survey area between 300-800 m depth, but were 
s1:ldom caught deeper than 800 m @gure 5). 

?'he distribution patterns for other species were consistent with those observed in previous Sub- 
Antarctic surveys (O'Driscoll & Bagley 2001, O'Driscoll et al. 2002). Highest catches of black and 
smooth m o  were taken in northeastern strata deeper than 800 m. White, blue, and silver warehou were 
caught masionally in 30L?400 m depth on the Stewart-Snares shelf and at Puysegur. Catches of 
southern blue whiting were highest in the east in 3 M 0 0  m strata. 

8.6 Biological data 

?'he numbers of fish of each species measured or selected for biological analysis are shown in Table 7. 
Ckoliths were removed from 1732 hob, 1232 ling, and 564 hake. 

Iength-weight relationships for major species used to scale length frequency data are given in Table 8. 
Length frequency histograms by sex for hoki, hake, and ling m compared to those observed in previous 
surveys in Figures 6-8. Length frequencies by sex for the nine other major species in 2001 are shown in 
E'igure 9. 

Hoki length frequencies in 2001 (Figure 6) showed a main mode centred on 82 cm for males and about 
87 cm for females. Ageing shows that these are fish from the strong year classes in 1991-94 seen in 
2001 as 7-10 year olds (Figure 10). The numbers of fish in this main 70-100 cm mode had decreased 
from 2000, and this, combined with relatively poor recruitment (to the Sub-Antarctic) of hoki from the 
1995 to 1997 year-classes, caused the decline in biomass. However, smaller, younger hoki were more 
abundant than in 2000, with modes centred at 40 cm and 62 cm corresponding to the 2000 and 1998 
year-classes (E~gures 6.10). 

Ille length and age frequency distributions of hake were broad with no clear modes @gures 7, 11). 
Most female hake were aged between 4 and 16 years. There were too few males caught to infer anything 
about the age distribution (Figure 11). Small hake (50-70 cm) tended to occur outside the core strata in 
800-1000 m depth (Figure 7). 

The size distribution of ling in 2001 was similar to that in 2000, with the modal length of both male and 
females at about 7 M 0  cm (Figure 8). and the modal age at 6 (1995 year-class) (Figure 12). Large 
female iing (over 95 cm) were more common than large males (Figure 8), but the range of ages was 
similar for the two sexes (Figure 12). 



The length fiquency distribution of southern blue whiting in 2001 had one major mode at 4248 cm, 
with few smaller fish (Figure 9). This differed from 2000, when three modes at about 29 cm, 35 cm, and 
42-46 cm were observed (O'Driscoll et al. 2002). As in 2000, black nw, showed a unknodal length 
distribution in 2001 (Figure 9). but the modal lengths of 32 cm for males and 33 cm for females were 
about 4 cm larger than in 2000. The modal size of other common species was similar to 2000. Other 
points of interest in Figure 9 were the b i i  distribution of female spiny dogfish, the presence of 
small (less than 40 cm) pale ghost shark, and the four modes in the length distribution of female ribaldo. 
No information on age and growth of ribaldo is currently available (Annala et al. 2002). so it is 
uncertain whether the length modes in Figure 9 represent adjacent yearclasses. 

Gonad stages for hoki, hake, and ling are summarised in Table 9. Most (78%) hoki were in the resting 
phase, with smaller proportions of immature (12%) and spent (7%) fish. About 7% of male hold still 
exuded sperm and were classified as partially spent. Some ling (17%) were observed in spawning 
condition (ripe and nmning ripe), suggesting that spawning was still occurring at the time of the trawl 
survey (Table 9). Only about 2% of hake were recorded in spawning condition. 

3.7 Hoki condition indices 

Organ weights were recorded from 1612 hoki. There was considerable variation in liver weights, with 
liver condition indices (LCI = liver weight divided by gutted weight) ranging between 0.4 and 10%. 
Plots of liver weight as a function of gutted weight @gure 13) showed a lot of scatter. Male hoki that 
were macroscopically staged as spent or partially spent tended to have significantly lower LCI (average 
LCI = 1.9%, n = 82) than immature or resting hoki (average LCI = 2.7%, n = 416, t-test p < 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 lower LCI on average &Cl = 2.9%. n = 
156) than immature or resting females (LCI = 3.2%. n = 915) but the difference was not statistically 
~ i ~ c a n t  (t-test, p = 0.11). It is difficult to stage female hoki macroscopically as blood vessels 
rupturing in the trawl can cause the gonad to appear bloody, and some resting female hoki may have 
erroneously been classified as recently spent. 

There was also considerable variation in heart weights (Figure 14). Some of this variability was due to 
the amount of residual blood remaining in the heart after it was removed. Precision of heart weights 
would be increased by dehydrating or ashing the hearts before weighing to standardise the water (blood) 
content. Heart condition indices (HCI = heart weight divided by gutted weight) ranged between 0.04 and 
0.5%. There was no evidence to support the hypothesis that fish that have migrated (spawned) recently 
have larger hearts. There was no significant difference between HCI indices of hoki with macroscopic 
gonad stages 1-2 (immature and resting) and hoki with stages 5-7 (spent or p d y  spent). 

3.8 Acoustic results 

A total of 221 acoustic data fdes (110 %awl" files and 111 "steam" files) were recorded during the 
trawl survey. Periods of good weather with slight sea conditions provided good quality recordings from 
both frequencies during the survey. 

Mark types were generally similar to those described by O'Driscoll(2001) from the 2000 survey. The 
frequency of occurrence in 2001 of each of the eight mark categories described by O'Driscoll(2001) is 
given in Table 10. Often several types of mark were present in the same echogram. Data were sub- 
divided into three depth ranges (300400 m, 600-800 m, 8CO-1000 m) based on the maximum depth 
observed during the acoustic fde. 



Slurface layers were observed in almost all (87%) echograms. The identity of organisms in these surface 
layers is unknown because no tows were targeted at the surface. Acoustic scattering is probably 
ctmtributed by a number of pelagic zooplankton and fish. Surface layers similar to these in the North 
Atlantic are often associated with gelatinous zooplankton (pers. obs.). 

Pelagic schools were obsenred in 71% of day steam files and 60% of daytime trawl files. Pelagic 
schools were seen less often at night, occurring in only 23% of night steam files. Pelagic schools 
probably contain mesopelagic fish species. Dispersion at night is a common behaviour of schooling 
p:lagic fish. Pelagic layers were also a common feature of daytime echograms, occurring in 72% of day 
steam files and 62% of trawl files. Pelagic layers were seldom observed at night, occurring in only 19% 
of night steam files. Examination of steam transects recorded during dusk and dawn suggests that 
pelagic layers rise in the water column and disperse during the night, turning into pelagic clouds. Both 
pelagic layers and pelagic clouds probably contain mesopelagic fish such as pearlsides (Maurolicus 
australis) and myctophids. Pelagic marks appeared pdcularly strongly on 12 kHz, which may be due 
to swimbladder resonance of small mesopelagic fishes at this frequency. 

Bottom layers were observed in 54% of day steam files and 35% of trawl files. L i e  pelagic layers, 
bottom layers tended to disperse at nighf to form bottom clouds. Bottom layers and clouds were usually 
associated with a mix of demersal species (O'Driscoll 2002). In 300600 m water depth, tows where 
bottom layers and clouds were recorded caught hoki, ling, spiny dogfish, pale ghost shark and 
javelinfish. In 6CC-800 m, tows with bottom layers caught hoki, ling, pale ghost shark, javelinfish, and 
black oreo. In 800-1000 m, bottom layers were associated with hake, javelinfish, ridge-scaled rattail, 
and deepwater sharks. 

P h o s t  all bottom-referenced schwls were observed during the day in 300400 m water depth. Bottom 
schools were sometimes associated with catches of southern blue whiting in the bottom trawl, as in 2000 
(O'DriscoU 2001). However, in 2001, school marks were also observed during trawl recordings where 
relatively large catches of warehou and red cod were taken. 

Single target echoes close to the bottom were observed in almost all (90%) files, regardless of depth or 
time of day. The density of single targets varied greatly, from only a few small marks, up to 
a,wgations of nunemus targets. Single targets usually occ- in the same echogram as other mark 
types, making identification of the species responsible for the single target echoes difficult Single target 
nmks probably consist of low densities of demersal fish. 

3.9 .Hydrology and environmental data 

Similar bottom temperature readings (within 0.2 'C) were obtained from the net monitor and CTD, but 
slurface temperatures from the surface temperature sensor were about 2 "C warmer than those recorded 
at 5 mdeptb with the CTD in the two tows when comparisons were made. 

h1 2001 surface temperatures ranged between 6.7 and 14.9 'C (Figure 15), while bottom temperatures 
were between 3.1 and 11.4 "C (Figure 16). Surface and bottom temperatures were within the range 
observed during previous Sub-Antarctic surveys, but it is difficult to make comparisons between years 
because our sensors are essentially uncalibrated and may drift over time. For example, we do not h o w  
how long the surface temperature sensor has been reading too high. Lowest bottom temperatures in 2001 
were observed in deep water (900 m) south of 53' S. Highest temperatures were at Puysegur. There was 
a general trend with increasing temperatures as we moved no& similar to other surveys. Surface 
temperatures in phase 2 stations on the eastern part of the CampbeU. Plateau (14-16 December) were 1- 
3 "C warmer than when the s e e  strata were visited during phase 1 (23-26 November). Bottom 
temperatures were similar. 



Cloud cover may affect &h behaviour. We recorded the amount of cloud cover (oi a 0-8 scale, where 0 
is clear, and 8 is complete cloud cover) at the start of every trawl. The mean cloud cover value in 2001 
was 5.8. It was less cloudy on average than in the four previous summer surveys (mean cloud cover 5.9- 
7.2). These differences in average cloud cover were not statistically significant 

4. CONCLUSIONS AND RECOMMENDATIONS 

The 2001 survey met target c.v.s for hoki, hake, and ling. Biomass estimates f a  all three key species 
were lower than in the previous survey in 2000, and hoki biomass in 2001 was the lowest recorded in 
either the summer or the autumn time series. There was no evidence for a decrease in trawl catchability, 
a change of gear perfonnance, or unusual environmental conditions which would have biased trawl 
survey results in 2001. 

Condition indices appear too variable to allow determination of the propoaion of hoki which have 
spawned in the preceding season at this point However, there was some evidence that liver condition 
was related to spawning. Hoki that were macroscopically staged as spent or partially spent tended to 
have lower LCI than immature or resting hoki, suggesting that fish that have recently spawned may have 
lower condition than fish that either spawned earlier or did not spawn. We recommend continuing to 
collect data on liver condition in future surveys, and microscopically examining female gonad tissue 
already collected during this survey. 

Good quality acoustic data were collected throughout the survey using the CREST hull mounted system. 
Mark types were similar to those observed in 2000. 
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Table 1: Stratum areas, depths, number of valid phase 1 and phase 2 stations and station density. 

Stratum 

1 
2 
3a* 
3b* 
4 
5a* 
5b* 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
25 
26$ 
27$ 
28$ 

Total 

Name 

Puysegur Bank 
Puysegur Bank 
Stewart-Snare5 
Stewart-Snzes 
Stewart-Snares 
Snares-Auckland 
Stewart-Snares 
Auckland Is. 
South Auckland 
NE Auckland 
N Campbell Is. 
S CampbeU Is. 
NEPukaki Rise 
Pukaki 
NE Camp. Plateau 
E Camp. Plateau 
E Camp. Plateau 
Puysegur Bank 
SW Campbell Is. 
NE- Rise 
E Stewart Is. 

Area Number of stations 
(km2) phase1 Phase2 

Station 
density 
m=) 

1: 538 
1:  330 
1 : 1 137 
1 : 389 
1:4204 
1 : 745 
1:  1094 
1 :  3336 
1:2832 
1 : 2 161 
1 :  3425 
1 :  2822 
1:5752 
1 : 4526 
1 : 6 W  
1:5532 
1 : 3795 
1 : 275 
1 :  7945 
1:  2 164 
1 : 2084 

1: 3021 

* sub-division of shah used in the 1996 and 1998 autumn surveys. 
$ these strata were not surveyed in Sub-Antarctic summer surveys in 1991-93. 



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

Tow parameta 
Tow length (n.mi1e-s) 
Tow speed (hots) 

C i  parameters (m) 
300--5€0m 

Headline height 
Doorspread 

600-800 m 
Headline height 
Doorsp=ad 

800-1000 m 
Headline height 
Doorspread 

PIU stations 300-1000 m 
Headline height 
Doorspread 

Table J: Comparison of doorspread and headline measurements from all surveys in the summer Tmgma 
bime-series. Values are the mean and standard deviation (sd). The number of tows with rne&NIO&nts (n) 
and range of observations is also given for doorspread. 

Doorspread (m) Headline h e i g l s  
Survey n mean s.d. min max mean s.d. 
1991 152 126.5 7.05 106.5 145.5 6.6 0.3 1 
1992 127 121.4 6.03 105.0 138.4 7.4 0.38 
1993 138 120.7 7.14 99.9 133.9 7.1 0.33 
2000 68 121.4 5.22 106.0 . 132.4 7.0 0.20 
2001 95 117.5 5.19 103.5 127.6 7.1 0.25 



Table 4: B i o m  estimates, coefficients of variation, and catch of all commercial species and abundant 
(defined as estimated biomass over 1000 t) noncommercial species in the 2001 Sub-Antaretic trswl survey. 
Estimates are for all strata c o m b i i .  Biomass estimates from 2000 (from O'Drbeoll et d. 2002) are shown -- 

for comparison. 

Commercial species 
Hold 
Ling 
Black oreo 
Pale ghost shark 
Southern blue whiting 
Southern spiny dogfish 
Smooth oreo 
White warehou 
Hake 
Blue warehou 
Dark ghost shark 
Ribald0 
Silver warehou 
Red cod 
Arrow squid 
Smwth skate 
Lookdown dory 
Giant stargazer 
orange mughy 
Rough skate 
Seal shark 
Bluenose 
Spiky ore0 
Ray's bream 
School shark 
Sea perch 
Banded stargazer 
Cardinalfish 
Gemfish 
H a p h  

Non commercial species 
Javelinfish 
Ridge-scaled rattail 
Small-scaled slickhead 
Longnose velvet dogfish 
Baxter's dogfish 
warty squid 
Oliver's rattail 
Silverside 
Banded rattail 
Oblique-banded rattait 
Longnose chimaera 

Total catch 

species 
code 
HOK 
LIN 
BOE 
GSP 
SBW 
SPD 
SS0 
WWA 
HAK 
WAR 
GSH 
RIB 
SWA 
RC0 
NOS 
SSK 
LDO 
STA 
ORH 
RSK 
BSH 
BNS 
SOR 
RBM 
SCH 
SPE 
BGZ 
m 
SKI 
HAP 

JAV 
MCA 
SSM 
CYP 
ETB 
MQ 
COL 
SS1 
CFA 
CAS 
LCH 

2001 FAN01 18) 
Catch Biomass C.V. 

(W 
15.0 
6.5 
57.8 
8.8 
26.1 
30.7 
52.1 
53.7 
19.1 
100.0 
35.7 
13.3 
58.5 
79.7 
20.9 
43.4 
19.6 
40.3 
40.8 
51.3 
35.8 
94.7 
96.0 
53.3 
72.0 
74.1 
82.9 
91.5 
942 
100.0 

12.1 
29.3 
7.0 
68.1 
15.7 
10.6 
36.7 
38.6 
12.2 
20.3 
21.6 

2000 (TAN0012) 
Biomass C.V. 

(W 
125 
6.9 
75.7 
12.4 
15.2 
11.6 
48.6 
38.7 
14.4 

89.6 
13.4 
65.0 
43.3 
56.0 
59.0 
15.2 
31.8 
26.8 
56.4 
55.7 
100 
77.6 
36.8 
.73.6 
92.7 

71.2 
100.0 
100.0 

12.3 
10.9 
34.7 
18.6 
16.0 
9.5 
12.3 
15.4 
13.6 
14.2 
21.5 



Table 5: Estimated biomass (t) and coettieients of variation (%, below in parentheses) of the 12 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 m (Strata 1-25). 

6 

7 

8 

9 

1'0 

11 

12 

13 

14 

15 

Subtotal (strata 1-13 

25 

Subtotal (strata 1-25) 

26 

l a 

l 
27 

28 

Total (All strata) 

GSH 
167 
(87) 
0.4 

(72) 
0 

150 
(57) 

0 

14 
(22) 

0 

666 
(41) 

0 

0 

393 
(97) 

0 

0 

0 

0 

0 

0 

1391 
(36) 

0 

1 391 
(36) 

0 

0 

0 

1 391 
(36) 



Table 5 (ant): Estimated bionrm (t) and wefficients of variation (%, below in parentheses) of the 12 major 
species by stratum. Species codes are given in Table 4 Sub-totals are provided for core strata (1-15) and 
&re + P&egur 8 ~ 1 0 0 0  m (Strata 1-25). 

Stratum 
1 

2 

3a 

3b 

4 

5a 

5b 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Subtotal (strata 1-15) 

Subtotal (strata 1-25) 

26 

27 

28 

Total (All strata) 



T,able 6: Biomass estimates (t) of hold, hake, and Ling for all surveyed strata and for wre 300-800 m strata. 
Estimates from previous Sub-Antaretic surveys from O'DriscoU et al. (2002) are provided for comparison 

HOKI 
S i m e r  series 
1!991 
1!W2 
1!993 
21300 
21301 

Autumn series 
1'992 
1'993 
1'996 
1'998 

HL4KE 
Summer series 
1991 
1992 
1993 
2000 
2001 

P,utumn series 
1992 
1993 
1996 
1998 

LJNG 
Summer series 
1991 
1992 
1993 
2000 
2001 

Autumn series 
1992 
1993 
1996 
1998 

Core strata (300-800 m) AU strata (300-1000 m) 
Biomass C.V. (%) Biomass C.V. (%) 



Table 7: Numbers of &h for  wbich length, sex, a d  biological data were wllected 

Species 

Arrow squid 
Banded rattail 
Banded stargazer 
Black cardinalfish 
Black oreo 
Bluenose 
Blue warehou 
Bollon's rattail 
Dark ghost shark 
Gemfish 
Giant stargazer 
Hake 
Hapuku 
Hoki 
J a v e l i i h  
Ling 
Lookdown dory 
Oblique-banded rattail 
Oliver's rattail 
Orange roughy 
Pale ghost shark 
Ray's bream 
Red cod 
Ribald0 
Ridge-scaled rattail 
Rough skate 
School shark 
Sea Perch 
Shovelnose dogfish 
Silverside 
Silver warehou 
Small-scaled bmwn slickhead 
Smooth ore0 
Smooth skate 
Southern blue whiting 
Spineback eel 
spiky olxo 
Spiny dogfsh 
Whiterattail 
White warehou 

Leneth h u e n c v  data 
No. of No. of No. of No. of 

fishf 

C Lenmh. sex. and weieht data onlv collected. 

males 
591 

0 
4 
3 

658 
1 

112 
36 
307 

1 
25 
222 
0 

2 254 
0 

1359 
64 
0 
0 
44 
661 
2 

294 
94 
334 
3 
2 
15 
242 
106 
105 
88 
774 
4 

600 
0 
50 
438 
14 
247 

females 
271 

0 
4 
7 

521 
13 
47 
56 
333 

1 
54 
360 

1 
3 494 

2 
1 349 
98 
0 
0 
60 
749 
9 
97 
227 
332 
2 
1 
12 
166 
136 
B5 
156 
751 
3 

1471 
0 
64 
659 
5 

175 

Biolopical data 
No. of No. of 

fish samples 

- .  . * 

t Total is sometimes ;eater than the sum of male and female fish due to the sex of some &h not recorded. 



Table 8: Length-weight &on parameters* used to scale length frequencies for the 12 major species. 

species 
Black oreo 
Dark ghost shark 
J;aveliish 
Hake 
Hoki 
Ling 
Lmkdorm dory 
P'ale ghost shark 
Ribald0 
Southern blue whiting 
Spiny dogfish 
White warehou 

Regression Darameters 
a b 2 

0.021 132 2.990912 0.90 
0.002176 3.262086 0.97 
0.000883 3.248132 0.96 
0.001976 3.294070 0.98 
0.005681 2.842391 0.95 
0.001719 3.225245 0.98 
0.03 1467 2.929746 0.98 
0.012143 2.824985 0.97 
0.006213 3.131333 0.97 
0.004693 3.090828 0.95 
0.000936 3.362249 0.95 
0.018915 3.035842 0.99 

Data source. 
TAN0118 
TAN0118 
TAN0118 
TAN0118 
TAN01 l8 
TAN0118 
TAN0118 
TAN0118 
TAN0118 
TAN0118 
TAN0118 
TAN0118 

* W = dbwhere W is weight (g) and L is length (cm); ?is the correlation coefficient, n is the number of samples. 

Table 9: Numbers of hoki, hake, and ling a t  each reproductive stage*. 

E:eproductive stage Hoki 
Male Female 

1 410 244 
2: 1586 2 840 
3' 25 28 
4. 1 0 
5; 2 2 
6 151 9 
5' 62 326 
Total staged 2 237 3 449 

Hake 
Male Female 

110 187 
86 91 
11 59 
7 1 
6 0 
1 7 
1 14 

222 359 

Ling 

Male Female 
15 1 250 
566 913 
193 72 
393 32 
10 3 
12 2 
1 2 

1326 1 274 

*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 fdes examined. 

Pelagic m& Bottom marks 
Acoustic file Max. depth (m) n Surface Layer School Layer Cloud Layer Cloud School Single target 
Day steam 300400 23 22 10 14 2 10 2 5 19 

600-800 40 35 34 29 19 26 14 5 40 
800-1000 22 20 16 18 14 10 6 0 18 
Total 85 77 60 61 35 46 22 10 77 
% of total 91 71 72 41 54 26 12 91 

Night steam 300400 4 4 0 2 3 1 3 0 4 
600-800 12 12 5 2 9 7 10 2 10 
800-1000 10 10 1 1 10 2 9 0 9 
Total 26 26 6 5 22 10 22 2 23 
% of total 100 23 19 85 38 85 8 88 

Trawl 300-600 48 36 20 27 10 9 6 16 39 
6OMOO 41 35 32 26 14' 21 14 0 39 
800-1000 21 18 14 15 11 8 9 0 20 
Total 110 89 66 68 35 38 29 16 98 
% of total 81 60 62 32 35 26 15 89 



F i w e  1: Survey area and stratum boundaries and numbers for the November-December 2001 Sub- 
Antarctic trawl survey. 



F i i e  2: Bottom trawl station positions. 



I y i e  3: D i b u t i o n  and catch rates of hoki in the summer 2001 trawl survey. C i e  area is proportional 
to catch rate. 



F i  4: Distribution and catch rates of hake in the summer 2001 trawl survey. Circle area is proportional 
to catch rate. 



- Zero catch 

F i e  5: Distribution and catch rates of ling in the summer 2001 trawl survey. Circle area is proportional to 
catch rate. 



4 NovemberlDecember 1991 

C 
m - NovemberlDecember 1993 m = 30 518 858 (15%) 
i= m = 30 491 506 (15%) 
"- 
0 
U) 1 - 
n 
E O ;  

0 '1 NovemberlDecember 1992 

NovemberlDecember 2000 

2 - 
1 - 

j NovemberlDecember 2001 

m = 25 079 858 ( 9%) 
m = 25 054 574 ( 9%) 

- 

0 

20 30 40 50 60 70 80 90 100 110 120 

Total length (cm) 

,D j u a Y / i n e  i9ia m = 14 910 167 (21%) 

F i r e  6a: Scaled length frequency for male hold from all Sub-Antarctic Tangama trawl surveys. Population 
numbers for wre 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 v s  in parenthges. 
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2 4 NovemberlDecember 1991 

0 11. NovemberlDecember l992 f = 34 909 584 ( 7%) 
2 - f = 34 841 368 ( 7%) 

1 - 

f = 22 286 606 (16%) 

Total length (cm) 

F i e  Sealed length &equ&cy for female hoki from all Sub-Antarctic Tangaroa trawl surveys. 
Ropulation 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 cv.s in parenthess 
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m II - . 
40 50 60 70 80 90 100 110 120 130 

Total length (cm) 

F i e  7a: Scaled length frequency for male hake 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 (m 
values) above are for all strata and below (in bold) for core strata with cvs in parentheses. 
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404 

NovemberlDecember 2000 

L. 
40 50 60 70 80 90 100 110 120 130 

Total length (cm) 

Figure 7b: Scaled length frequency for female hake from all Sub-Antarctic Tangaroa trawl surveys. 
Population numbers for core strata are presented as black bars and for al l  strata as grey bars Numbers (f 
values) above are for all strata and below (in bold) for core strata with evs in parentheses 
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400 1 NovemberlDecember 1991 m = 3 478 726 ( 6%) 
m = 3 474 679 ( 6%) 

3 
0 
c 

400 NovemberIDecember 1993 m=4745 116(16%) 
m = 4 734 096 (16%) 

NovemberlDecember 2000 
400 - m = 6 960 578 (9%) 

m = 6 959 707 (9%) 

200 - 

A] NovemberlDecember 20. 

Total length (cm) 

Figure 8a: Scaled length frequency for male ling 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 al l  strata and below (in bold) for wre strata with c v s  in parentheses 



Total length (cm) 

Figure 8b: Scaled length frequency for female ling 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 (f 
values) above are for all strata and below (in bold) for core strata with c v s  in parentheses. 
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~lOm#iF d e d  total= l c.v.=W% 12 8370.44 

1 .o 

0 
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Total length (cm) 

scaled total = B67 582 d e d  total= 627 513 
C.". = 33 % 

n=328 
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Chimaera length (cm) 
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Total length (cm) 

F i  9: Length frequency by sex of other major species in the November-December 2001 survey. Scaled 
total is the estimated total number of fish in the surveyed area, e v .  is the M c i e n t  of variation, n is the 
number of &h meanwd. Hatched bars indicate fish 



Lookdown dory - Males Lookdown dory - Females 
scaled total = 223 C02 scabd Iota1 = 327 736 

C.". = 21 % C.". =20 % 
40 n=63 40 n=96 

10 20 30 40 50 M) 10 20 30 40 50 60 
Total length (cm) 

;; 600 Pale ghost shark - Males Pale ghost shark - Females 
0 B d l =  3 230 166 

n 

waled total = 3 802 867 
C CV.  = l0 % C . v . = l o %  

n = 646 n = 738 

g 400 400 

f 

20 30 40 50 60 70 80 90 20 30 40 50 W 70 80 90 

Chimaera lengm (cm) 

scaled males = 83 858 
c.v.=18% 

n.94 

50 i 
Ribaldo - Females 

S ~ M  total = 510 652 

20 30 40 50 60 70 80 20 30 40 50 60 70 80 

Totallength (cm) 

Figure 9 (cont): Length frequency by  sex of other major species in the November-December 2001 survey. 
Scaled total is the estimated total number o f  fish in the surveyed area, CV. is the coeffident of variation, n is 
the number o f  fish memwd Hatched bars indicate unsexed fish. 



Southern blue whlting - Males Southern blue whiting - Females 
sated total = 4 579 097 

2.5 scaJedlotal=130W437 
c v . = 2 4 x  c v . = 2 7 x  

g 2.0 n.1 471 
E 
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Spiny dogfish - Females 
=lad total = l 855 326 200 scaled M = 2 736 673 

CV. = 41 % C.". = 2¶ % 
n = 438 

150 

100 

50 

0 

6 30 40 50 60 70 80 9 0 1 0 0 1 1 0  
E 
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3100-800m survey area. Number of fish aged (m values) are given with cv.s in parentheses. Note change of 
scale between NovemberDecember 1991 and subsequent years. 
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Wigure 1Za: Scaled age frequency for male ling from all Sub-Antarctic Tangaroa trawl surveys for the core 
300400 m m e y  area Number of fnh aged (m values) are given with r v s  in parentheses. 
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Figure 13: Liver condition of how during 2001 Sub-Antarctic survey. Hoki were grouped into two dasses 
based on macroscopic gonad stages (see Appendix 1 for staging details). 
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F i e  14 Heart condition of hold during ZOO1 Sub-Antarctic survey. Hold were grouped into two classes 
based on macroscopic gonad stages (see Appendix 1 for staging details). 



F i  15: Surface water temperatures ('C). Squares are station positions. Contours show estimated 
isotherm. Dotted lines indicate uncertainty about placement of isotherms 



F i r e  16: Bottom water temperatures ('C!). Dots indicate station positions. Contom show estimated 
isotherms. 



Appendix 1: Dessription of gonad development used for staging male and female tel& 

Research gonad stage Males Females 

Immatue Testes small and translucent, 
threadlike or narrow membranes. 

Resting Testes are thin and flabby; 
white or transparent 

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

Testes large, well developed; 
miltis present and flows when 
testis is cut, but not when 
body isqueezed. 

Running-ripe Testis is large, well formed, 
milt flows easily under 
pressure on the body. 

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

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

Ovaries small and translucent 
No developing oocytes. 

Ovaries are developed, 
but no developing eggs are 
visible. 

Ovaries contain visible 
developing eggs, but no 
hyaline eggs present 

Some or all eggs are 
hyaline, but eggs are not 
exmded when body is 
squeezed. 

Eggs flow freely from the 
ovary when it is cut or the 
body is pressed. 

Ovary partially deflated, 
of'ten bloodshot. Some 
hyaline and owlated eggs 
present and flowing from 
a cut ovary or when the 
bodyis squeezed. 

Ovary bloodshot; ovary 
wall may appear thick 
and white. Some residual 
owlated eggs may still 
remain but will not flow 
when bcdy is squeezed. 



Appendix 2: Scientae and common names, species codes and oavrreace (W) of '&h, squid, and other 

Scientiiic name 

Chondrichthyes 
Squalidae: dogfishes 

Centrophom squomosw 
Centroscymnus crepidarer 
C. owstoni 
C. plunketi 
Deania calcea 
Etmoptems barren 
E. lucifer 
Scymnorhinw licha 
Sqwrlus acanthias 

Oxynotidae: rough sharks 
Oxynotur bmTWUensis 

Scyliorhinidae: cat sharks 
Apririum spp 
Halaelum dmvsoni 

Proscylliidae: finback catc sharks 
Gollwn onenuatus 

Triakidae. smoothhounds 
Galeorhinus galeus 

Rajidae: skates 
Bathyraja shuntovi 
Dipturn innomimta 
D. nasuta 
Pavomja asperula 
P. spinifem 

Chimaeridae: chimaeras, ghost sharks 
Chimaera phanrarmo 
Hydrolagus novaaelandiae 
Hydrolagw sp. B 

Rhinochimaeridae: longnosed chimaeras 
Ham.oirn raleighana 
Rhinochimaera pacij7ca 

Osteichthyes 
Notacanthidae: spiny eels 

Notacanthus sezrpinir 
Synaphobranchidae: cutthroat eels 

Dimtobranchus capensis 
Congridae: conger eels 

Bassamgo bulbiceps 
B. hirsutw 

Gonorynchifonnes: sandf~sh 
Gonorynchus forsreri 

Argentinidae: silversides 
Argentina elangata 

Bathylagidae: deepsea smelts 
Bathylagus spp 

Alepocephalidae: slickheads 
Alepocephnlus a w a l i s  

Common name 

deepwater spiny dogfish 
longnose velvet dogfish 
smooth skin dogfish 
Plunket's shark 
shovelnose dogfish 
Baxter's dogfish 
Lucifer dogfish 
seal shark 
spiny dogfish 

prickly dogfish 

deepsea catsharks 
Dawson's catshark 

.slender smoothhound 

school shark 

longnosed deepsea skate 
m t h  skate 
rough skate 
smooth bluntnosed skate 
prickly bluntnosed skate 

giant chimaera 
dark ghost shark 
pale ghost shark 

longnose chimaera 
widenose chimaera 

spineback 

basketwork c l  

swollenheaded conga 
hairy conga 

sandfsh 

silverside 

deepsea smelt 

small-scaled brown slickhead 

Species 
code 

-Q 
CYP 
(No 
PLS 
SND 
ETB 
m 
BSH 
SPD 

PDG 

APR 
DCS 

SSH 

SCH 

PSK 
SSK 
RSK 
BTA 
BTS 

CHG 
GSH 
GSP 

LCH 
RCH 

SBK 

BEE 

sco 
HCO 

GON 

SS1 

DSS 

SSM 



Ajppendix 2 ant: Scientific and wmmon names, species d e s  add occurrence (Oce) of &h, squid, and other 
organisms. 

Scientific name 

Alepocephalus sp 
Platytmctidae: tubeshoulders 

Persparsia kopua 
Sternoptychidae: hatchetfishes 

Stemoptychidae 
Chauliodontidae: vipemShes 

ChaulioJus sloani 
Stomiidae: scaly dragonfishes 

Stomiar spp 
Photichthyidae: lighthouse fishes 

Photichthys argenteus 
Rualepididae: barracudinas 

Magnisudis p r i o ~ s a  
Evennannellidae: sabretooth fishes 

Odontostomops normlops 
M:yctophidae: lanternfishes 

Species not identified 
Symbolophom spp 

Moridae: morid cods 
Antimora rostra& 
Austrophycis marginata 
GadeUa norops 

Halargyreus johnroni 
Laemonema spp 
Mom moro 
Pseudophycis bachus 

Gadidae: me cods 
Micromtsistius australis 

Mkrlucciidae: hakes 
L y c o w  sp. 
Macruronus novaezelandiae 
Merluccius australis 

M:acrouridae: rattails, grenadiers 
Caelorinchus aspercephalus 
C. bichwwnah 
C. bollomi 
C. fasciatus 
C. imtabilis 
C. kniyomaru 
C. matamua 
C. oliverimus 
Coryphaenoides dossenus 
C. murrrryl' 
C serrulatur 
C .  subsenulatus 
Lepidorhynchus denticulatus 
Macrourn carinatus 
Mesobius antipodum 
Tmchyrincus aphyodes 
Ventn~ossa nigromaculata 

Common name 

large scaled brown slickhead 

hatchetfish 

viper fish 

scaly dragonfish 

lighthouse f ~ h  

barracudina 

sabretooth 

lanternfish 

violet cod 
dwarf cod 

slender ccd 

ribald0 
red cod 

southern blue whiting 

hold 
hake 

obliquebanded rattail 
two saddle rattail 
bigeyed rattail 
banded rattail 
mtable rattail 
Kaiyomam rattail 
Mahia rattail 
Oliverrs rattail 
humpback rattail 
abyssal rattail 
s e d a t e  rattail 
fourrayed rattail 
javelinfish 
ridge-scaled rattail 
black javelinfsh 
white rattail 
blackspot rattail 

Species 
code 

SBI 

PER 

HAT 

C H A  

STO 

pH0 

BCA 

ODN 

LAN 
SYM 

VC0 
DC0 
GNO 

HT0 
LAE 
RIB 
RC0 

SBW 

LYC 
HOK 
HAK 

C M  
CBI 
CB0 
CFA 
CIN 
CKA 
CMA 
COL 
CBA 
CMU 
CSE 
CSU 
JAV 
MCA 
BJA 
WHX 
VNI 



Appendix 2 an t :  Scientac and common names, species codes and occmrence (h) of fish, squid, and other 

Scientiiic name 

Ophidiidae: cusk eels 
Genypterus bhcodes 

Melanocetidae: humpback anglerfish 
Melanocetus spp 

Trachipteridae: dealfishes 
Trachipterus nachyptencr 

Trachichthyidae: mughies 
Hoplostethus atlanticur 
H. mediterraneus 
Parntrachichthys trailli 

Diremidae: discfishes 
Diretmoidesparini 
Diremm argenteus 

Zeidae: dories 
Capromimus abbrevianu 
Cyfbu novaaelandiae 
C. tmversi 

Scorpaenidae: scorpionfishes 
Helicolenus spp 

Oreosomatidae: oreos 
Allocymrr niger 
Neocyttus rhomboidalis 
Pseudocymrs maculatlrs 

Macrorhamphosidae: snipefishes 
Ceniriscops obliquus 

Congiopodidae: pigfishes 
Alemmchthys blacki 

Hoplichtbyidae: ghostnatheads 
Hoplichthys h e l l i .  

Psychmlutidae: toadfishes 
Neophrynichthys angurtus 
N. sp 
Psychrolutes sp 

Percichthyidae: temperate basses 
Polyprion oxygeneios 

Apogonidae: c a r d i i h e s  
Epigonus lenimen 
E. robusfus 
E. telescopus 
Rosenblattin robusta 

Bramidae: pomfrets 
Brama brama 

Uranoscopidae: armourhead stargazers 
Kathetostoma gigantem 
Kathetostoma sp 

Perwphidae: opalfishes 
Hemerocoetes spp 

Gempylidae: snake mackerels 
Rexea solandri 

Trichiuridae: cutlassfishes 
Berifhodesmus elongatus 

Common name 

black anglerfish 

orange roughy 
silva mughy 
common mughy 

black discfish 
discfish 

capro dory 
silver dory 
ldkdown dory 

black ore0 
spiky orm 
s m t h  ore0 

redbanded bellowsfish 

alert pigfish 

pale toadfish 
toadtish 
blobfish 

bigeye cardinalfish 
c- 
black cardinalfish 
rotundcardinalfish 

R d s  bream 

giant stargazer 
banded stargazer 

opalfish 

gemfish 

bigeye scabbard fish 

species 
code 

LIN 

B AF 

DEA 

ORH 
SRH 
RHY 

SFN 
DIS 

CD0 
SDO 
LDO 

SPE 

BOE 
SOR 
SS0 

BBE 

API 

FnD 

TOP 
TOA 
PSY 

.W 

EPL 
EPR 
m 
ROS 

RBM 

STA 
BGZ 

OPA 

SKI 

BNE 



Appendix 2 cont: Scientific and common names, species codes and occurrence (&c) of &h, squid, and other 

Scientific name 

Centrolophidae: raWishes, medusafishes 
Centrolophus niger 
Hyperoglyphe antarctica 
lcichthys australis 
Seriolella b r a m  
S caerulea 
S. punctata 
Schedophilus maculatus 

Bothidae: lefteyed flounders 
Arnoglossus scapha 
Neoachiropsena miIfordi 

P1~:uronectidae: righteyed flounders 
Azygopus pinni@ciatus 

Other marine organism 

Cllidaria 
Scyphozoa 

C~:phalopoda 
Cranchiidae 
Histioteuthidae 

Hisfioteurhis spp 
Octopoteuthiidae 

Taningia d a ~ e  
Omnmnstrephidae 

Nototodarus sloanii 
TodamdesfiIippovae 

Onychoteuthidae 
Moroteufhis ingens 
M. robsoni 

Octopoda: octopods 
Octopodidae 

Gmneledone spp 

Common name 

rudderfish 
bluenose 
ragfish 
blue warehou 
white warehou 
silver warehou 
pelagic buuestish 

witch 
finless flounder 

spotted flounder 

unspecified sponges 

unspecified jellyfish 

unspecified corals 

unspecified sea anemones 

unspecified sdps 

unspecified molluscs 
unspecified gastropods 

violet squid 

mow squid 
Antarctic flying squid 

warty squid 
warty squid 

deepwater octopus 

Species 
code 

RUD 
BNS 
RAG 
WAR 
WWA 
SWA 
SUM 

WIT 
MAN 

SDF 

ONG 

m 

cou 

ANT 

SAL 

MOL 
GAS 

CHQ 

VSQ 

OSQ 

NOS 
TSQ 

MQ 
MRQ 

DWO 



Appendix 2 cont: Scientific and common names, specie codes and oceurrrnee (W) of fish, squid, and other 
0- 

Scientific name 

Amphitretidae 
Amphifretus spp 

opisthoteuthididae 
Opisthoteuthis spp 

cntstacea 
Caridea (Natantia) 

Camplyomtur rathbonae 
Lip& holthuisi 
Notopandalus mag~cdUS 
Oplophorus ~vaezeelandiae 
Pasiphaea spp 

Astacidea 
Nephropsidae 

Metnnephrops challengeri 

Anomura + Brachyura 
Anomura 
Lithodidae 

Lithodes mrrrrayi 
Neolitkodes brodiei 
Pamlomis zelnndica 

Brachyura 
Majidae 

Jacquinotin edwardsii 
Leptomithrax a d i s  

Eehinodermata 
Asteroidea + Ophiuroidea 
Asteroidea 
Goniasteridae 

Hippasteria trojm 
Mediarter sladeni 

Odontasteridae 
Odonfaster spp 

Kmethrasteridae 
Pedolarter liaor 

Solasteridae 
Crossaster japonicus 
Solaster tonJnhlr 

Zoroasteridae 
Zomarter spp 

Asmpectinidae 
Plutonarter spp 
Psilaster acwninnrur 

Holothuroidea 
Holothurian 

Common name 

umbrella octopus 

unspecified crustaceans 
unspecified prawns 
sabre prawn 
omega prawn 

scampi 

unspecified crabs 

southern stone crab 

giant spider crab 
masking crab 

starfish 
Sladen's star 

pentagonal tooth-star 

starfish 

Sun star 
starfish 

rat-tail star 

starfish 
geometric star 

unspecified sea cucumbers 

Species 
code 

AMP 

OPI 

CRU 
m 
CAM 
LHO 
NMA 
ONO 
PAS 

SCI 

CRB 

LMU 
NEB 
PZE 

GSC 
SSC 

SFI 

m 
MSL 

ODT 

PLI 

U A  
SOT 

ZOR 

PLT 
PSI 

SCC 



Appendix 2 ant:  Scientac and common names, species codes and occurrence (Chx.) of tish, squid, and other 
or]*= 

Sciientific name 

Echinothlniidae 
Echinodea 
Regularia 
Ciihidae 

Goniocidnrirpamsol 
Poriocidarir sp 

Echinothuriidae 
Ameosonza coriacewn 
Araeosoma spp 

Common name 
Species 
code Occ. 

unspecified urchins URO 9 

GPA 8 
cidarid urchin PCD 2 
unspecified Tarn O'Shanter urchins TAM 27 
Tarn O'Shanter urchin ACO 7 
Tarn O'Shanter urchin ARA 4 


