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EXECUTIVE SUMMARY

Stevens, D.W.; O’Driscoll, R.L. (2007). Trawl survey of hoki and middle depth species on the
Chatham Rise, January 2006 (TAN0601).

New Zealand Fisheries Assessment Report 2007/5. 73 p.

The fifteenth trawl survey in a time series to estimate the relative biomass of hoki and other middle
depth species on the Chatham Rise was carried out between 27 December 2005 and 23 January 2006.
Using a random stratified sampling design, 96 phase 1 bottom trawl stations were successfully
completed in core depths of 200-800 m. No phase 2 bottom trawl stations were completed due to
mechanical problems. The estimate of relative biomass of all hoki was 99 208 t, an increase of 15%
from January 2005, and the highest estimate since 1999. This increase was driven by reasonable
recruitment of 1+ year old (25 877 t), and 2+ year old (33 586 t) hoki. The biomass estimate for
recruited hoki (3+ years and older) increased from 21 200 t in 2005 to 39 745 in 2006, due to inclusion
of the above average 2002 year class.

The biomass of hake in core strata increased by 32% to 1384 t, but remains at historically low levels.
The biomass of ling was 9301 t, which was slightly higher than in January 2005, but the timeseries
for ling shows no overall trend.

Coefficients of variation (c.v.s) achieved were 10.6% for total hoki, 19.3% for hake, and 7.4% for ling.
The c.v. for age 2+ hoki was 18.8%, which was below the target c.v. of 20%.

Age frequency distributions of hake showed relatively high numbers of 3 and 4 year olds, possibly
indicating two years of reasonable recruitment. Ling age frequencies indicate moderate recruitment
during the late 1990s.

Acoustic data were also collected during the trawl survey. There was a weak, but non-significant,
correlation between acoustic density estimates and trawl catch rates.



1. INTRODUCTION

In January 2006, the fifteenth in a time series of annual random trawl surveys to estimate relative
abundance indices for hoki and a range of other middle depth species on the Chatham Rise was
completed. This and all previous surveys in the series were carried out from the research vessel
Tangaroa and form the most comprehensive time series of species abundance in water depths of 200 to
800 m in New Zealand’s 200-mile Exclusive Economic Zone. The surveys follow a random stratified
design, with stratification by depth, longitude, and latitude across the Chatham Rise to ensure full
coverage of the area.

Previous surveys in this time series have been documented by Horn (1994a, 1994b), Schofield & Horn
(1994), Schofield & Livingston (1995, 1996, 1997), Bagley & Hurst (1998), Bagley & Livingston
(2000), Stevens et al. (2001, 2002), Stevens & Livingston (2003), Livingston et al. (2004), Livingston &
Stevens (2005), and Stevens & O’Driscoll (2006). Trends in biomass and changes in catch and age
distribution of 31 species from surveys 1992-2001 were reviewed by Livingston et al. (2002). Hoki
dominated the catches in every survey, and formed 53 to 66% of the total biomass from 1992 to 1997.
By 2001, however, the proportion of hoki decreased to 29% as the biomass estimate dropped steadily
from about 160 000 t in 1997 to 60 300 t in 2001 (Livingston et al. 2002). Hake, another priority species
in this research programme, also showed a decline in biomass within the time series, while ling biomass
was relatively stable, showing no trend (Livingston et al. 2002).

The 2006 survey results presented here continue the Chatham Rise trawl survey series as part of a long-
term research programme to estimate the abundance of hoki and other middle depth species for stock
assessment. The survey covers the principle juvenile stocks of hoki, believed to derive from both
western and eastern spawning stocks. It also surveys older hoki that form part of the eastern stock
spawning in Cook Strait and off the east coast South Island. Although older hoki also occur over
deepwater and in association with seamounts such as the Andes complex east of the Chatham Rise
(Livingston et al. 2004), the survey is treated as representative of the eastern adult stock. As well as
abundance, the survey provided fishery independent data on the population size structure of these
species, and their catch distribution across the Chatham Rise. Otoliths from a range of Quota
Management System (QMS) species were collected for ageing and use in stock assessments.

Acoustic data have been recorded during trawls and while steaming between stations on all trawl
surveys on the Chatham Rise since 1995, except 2004. Data from previous surveys were analysed to
describe mark types (Cordue et al. 1998, Bull 2000, O’Driscoll 2001a, Livingston et al. 2004, Stevens
& O’Driscoll 2006), to provide estimates of the ratio of acoustic vulnerability to trawl catchability for
hoki and other species (O’Driscoll 2002, 2003), and to estimate biomass of mesopelagic fish
(McClatchie & Dunford 2003, McClatchie et al. 2005). Acoustic data also provide qualitative
information on the amount of backscatter that is not available to the bottom trawl, either through
being off the bottom, or over areas of foul ground.

Other work carried out concurrently with the trawl survey included collection of unidentified organisms
collected in the trawl, collection of stomach samples from a range of fish species, collection of prey
species from beam and midwater trawls at night, and tagging of chemically marked giant stargazers (see
Section 1.1).

1.1 Project objectives

The trawl survey was carried out under contract to the Ministry of Fisheries (project HOK2005/02).
The specific objectives for the project were as follows:

1. To continue the time series of relative abundance indices of recruited hoki (eastern stock) and
other middle depth species on the Chatham Rise using trawl surveys and to determine the
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relative year class strengths of juvenile hoki (1, 2, and 3 year olds), with target c.v. of 20% for
the number of 2 year olds.

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

3. To collect acoustic and related data during the trawl survey.
4. To collect and preserve specimens of unidentified organisms taken during the trawl survey.

As with the 2005 survey, two additional objectives were added to the 2006 survey under Ministry of
Fisheries projects ZBD2004/02 and STA2004/03.

The first of these projects aims to study trophic relationships between key species on the Chatham Rise
(ZBD2004/02). The overall objective of this work is:

1. To characterise trophic relationships among abundant fish species of the Chatham Rise in a
format that will inform ecosystem-based fisheries management and contribute directly to the
creation of a trophic ecosystem model.

The second of these projects (STA2004/03) aims to validate presumed annual otolith growth zones of
giant stargazer (Kathetostoma giganteum) by tagging and releasing chemically marked individuals.
The overall objective of this work is:

1. To validate growth zones in stargazer (Kathetostoma giganteum) otoliths.

2. METHODS
2.1 Survey area and design

As in previous years, the survey followed a two-phase random design (after Francis 1984). The main
survey area, 200-800 m depths (Figure 1) was divided into the same 26 strata used in 2003, 2004, and
2005 (Livingston, et al. 2004, Livingston & Stevens 2005, Stevens & O’Driscoll 2006). Station
allocation for phase 1 was determined from simulations based on catch rates from the last three Chatham
Rise trawl surveys (2003-05), using the ‘allocate’ optimisation programme (after Bull et al. 2000) to
achieve the Ministry of Fisheries target c.v. of 20% for 2 year old hoki. A total of 96 stations was
originally planned for phase 1, with up to 21 phase 2 stations to be allocated at sea to improve c.v.s for
hoki and hake, and to increase the number of hake sampled.

2.2 Vessel and gear specifications

Tangaroa is a purpose-built research stern 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 bottom trawl was the same as that used on previous surveys of middle depth species by Tangaroa.
The net is an eight-seam hoki bottom trawl with 100 m sweeps, 50 m bridles, 12 m backstrops, 58.8 m
groundrope, 45 m headline, and 60 mm codend mesh (see Hurst & Bagley (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 Furuno net monitor) were
recorded every 5 minutes during each tow and average values calculated.



Some additional trawling was carried out using a midwater mesopelagic trawl and a beam trawl outside
the normal trawl survey hours (i.e., at night) to collect information on prey species. The mesopelagic
trawl had a headline height of 18.5 m and a codend mesh size of 10 mm. The beam trawl had a headline
height of 0.6 m and a codend liner mesh size of 10 mm.

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 trawling between 0449 h and 1902 h NZST, except for 8 mesopelagic tows and 7 beam trawl
bottom tows which were carried out at night to provide key prey species for the trophic study. These
night tows were not used for biomass estimation.

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 gear was shot in time to
ensure completion of the tow by sunset, as long as 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 et al. 2003) 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 switching type with a nominal power output
of 2 kW rms. 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-to-digital 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, with the complex data stored for later
processing. The 38 kHz transducer has been calibrated 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 kHz 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 intervals 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, fish, squid, and crustaceans
were identified to species and other benthic fauna to species or family. Unidentified organisms were
collected and frozen at sea. Specimens and digital photographs are being stored at NIWA for subsequent
identification.

An approximately random sample of up to 200 individuals of each commercial, and some common non-
commercial 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, and
gonad weight. Otoliths were taken from hake, hoki, and ling for age determination. Additional data on
liver condition were also collected from a subsample of 20 hoki by recording gutted and liver weights.

Sampling of fish stomachs during the survey was based upon the protocol described by Livingston
(2004). Stomach sampling targeted the 25 most abundant species caught on the survey. Biological data
describing length, weight, sex, and on occasions, maturity status, were collected for each specimen, and
then the stomachs were carefully removed, individually labelled, and frozen. Stomach contents will be
analysed in the NIWA laboratory as part of project ZBD2004/02.

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
1+, 2+, and 3++ (a plus group of hoki aged 3 years or more) age classes of hoki, and for 10 other key
species: hake, ling, dark ghost shark, pale ghost shark, giant stargazer, lookdown dory, sea perch, silver
warehou, spiny dogfish, and white warehou. These species were selected because they are commercially
important, and the trawl survey samples the main part of their depth distribution. Other species such as
black oreo are also commercial and relatively abundant on these surveys, but their depth distribution
extends well beyond that sampled by the survey and the data are not representative of the full
population.

The 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 distributed over the bottom, that no fish
were present above the height of the headline, and that all fish within the path of the trawl 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 from this survey.

Data from all biomass stations (categories match phase 1, P1 - no phase 2 stations were conducted on
this survey, see 3.1 below) and 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 prepared and aged using validated ageing methods (hoki, Horn &
Sullivan (1996) as modified by Cordue et al. (2000); hake, Horn (1997); ling, Horn (1993)).

Subsamples of 750 hoki otoliths and 640 ling otoliths were selected from those collected during the
trawl survey. Subsamples were obtained by randomly selecting otoliths from 1 cm length bins covering
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the bulk of the catch and then systematically selecting additional otoliths to ensure the tails of the length
distributions were represented. The numbers aged approximated the sample size necessary to produce
mean weighted c.v.s of less than 20% for hoki and 30% for ling across all age classes. All hake otoliths
were read.

Numbers at age were calculated from observed length frequencies and age-length keys using customised
NIWA catch-at-age software (Bull & Dunn 2002). For hoki, this software also applied the “consistency
scoring” method of Francis (2001), which uses otolith ring radii measurents to improve the consistency
of age estimation.

2.9 Acoustic data analysis

All acoustic recordings made during the trawl survey were visually examined. Marks were classified into
eight categories 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. Descriptive statistics were produced on the frequency of occurrence of
different marks. Brief descriptions of the eight marks types are given below. Example echograms may
be found in Cordue et al. (1998), Bull (2000), and O’Driscoll (2001a, 2001b).

1. Surface layers

These occurred within the upper 100 m of the water column and tended to be stronger on 12 kHz than
on 38 kHz.

2. Pelagic layers
Surface-referenced midwater layers which were typically continuous for more than 1 km and much
stronger on 12 kHz than on 38 kHz. This category is equivalent to ‘Type A’ marks of Bull (2000).

3. Pelagic schools
Well-defined schools in midwater which appear as crescents on 12 kHz. Equivalent to ‘bullet’ marks
of Cordue et al. (1998) and Bull (2000).

4. Pelagic clouds
Surface-referenced midwater marks which were more diffuse and dispersed than pelagic layers,
typically over 100 m thick with no clear boundaries.

5. Bottom layers

Bottom-referenced layers which were continuous for more than 1 km and were generally stronger on
38 kHz than on 12 kHz. Equivalent to ‘Type B’ marks of Bull (2000) and ‘Type 1’ marks of Cordue
et al. (1998).

6. Bottom clouds
Bottom-referenced marks which were more diffuse and dispersed than bottom layers with no clear
upper boundary.

7. Bottom schools
Distinct schools close to the bottom. These appear as crescents on 12 kHz and are equivalent to ‘Type
C’ marks of Bull (2000).

8. Single targets
Inverted U-shaped single targets visible on 38 kHz close to the bottom.



As part of the qualitative description, the quality of acoustic data recordings was subjectively classified as
‘good’, ‘marginal’, or ‘poor’ (see appendix 2 of O’Driscoll & Bagley (2004) for examples). Only good or
marginal quality recordings were considered suitable for quantitative analysis.

A quantitative analysis was also carried out to compare acoustic backscatter from bottom-referenced marks
with daytime trawl catch rates. Acoustic data collected on 38-kHz during each tow were integrated using
custom Echo Sounder Package (ESP2) software (McNeill 2001) to calculate the mean acoustic
backscatter per km”. 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 km”) were then
compared with trawl catch rates (kg per km?). No attempt was made to scale acoustic estimates by
target strength, corrected for differences in catchability, or carry out species decomposition
(O’Driscoll 2002, 2003).

3. RESULTS
3.1 2005 survey coverage

The trawl survey was successfully completed. A total of 96 successful phase 1 biomass tows were
carried out (Table 1, Figure 2). Due to winch problems, Tangaroa had to return to port for repairs slose
to the end of the survey. Although Tangaroa later resumed trawling and completed the phase 1 stations,
no phase 2 tows were completed. A further 6 random bottom trawl stations were excluded from the
biomass calculations: 3 tows which came fast, one in which the net was ripped, one hauled early due
to rough bottom, and one which was too deep for the survey area. An additional 8 fine meshed
mesopelagic tows and 7 beam tows were carried out at night were time permitted to provide specimens
of key prey species for the trophic study (ZBD2004/02).

Station density ranged from 1:288 km’ in stratum 17 (200-400 m, Veryan Bank) to 1:3722 km’ in
stratum 4 (600800 m, south Chatham Rise). Mean station density was 1:1530 km®.

3.2 Gear performance

Gear configuration for valid biomass tows was relatively constant over the 200—800 m depth range.
Mean doorspread measurements by 200 m depth intervals ranged from 112.5 to 119.1 m and mean
headline height ranged from 6.8 to 7.0 m, and were all within the optimal range (Hurst et al. 1992)
(Table 3).

The dates of the trawl survey were within the time frame covered in previous years (Table 2).
Doorspread and headline readings were recorded for all 96 valid biomass stations (Table 3).

3.3 Hydrology

Surface and bottom temperatures were recorded throughout the survey from the Seabird CTD. The
surface temperatures (Figure 3, top panel) ranged from 12.5 to 17.1 °C. Bottom temperatures, ranged

from 5.8 to 10.7 °C (Figure 3, bottom panel).

As in previous years, higher surface temperatures were associated with subtropical water to the north.
Lower temperatures were associated with sub-antarctic water to the south. Higher bottom
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temperatures were generally associated with shallower depths to the north of the Chatham Islands and
to the east of the Mernoo Bank.

3.4 Catch composition

Two hundred and five species or species groups were recorded from the 96 valid biomass tows. The
total catch was 110 t, of which 45.1t (41.0%) was hoki, 7.7 t (7.0%) was javelinfish, 6.3 t (5.7%) was
dark ghost shark, 4.7 t (4.3%) was black oreo, 4.2 t (3.8%) was ling, and 4.1 t (3.7%) was big eye rattail
(Table 4).

Of the 205 species or species groups identified, there were 95 teleosts, 25 elasmobranches, 1 agnathan
(blind eel), 21 crustaceans, and 9 cephalopods, the remainder consisting of assorted benthic and pelagic
invertebrates. A full list of species caught, and the number of stations at which they occurred, is given in
Appendix 2. A number of benthic invertebrates are awaiting formal identification.

3.5 Biomass estimates

Relative biomass was estimated for 48 species (Table 4). The c.v.s achieved for hoki, hake, and ling
were 10.6%, 19.3%, and 7.4% respectively. The c.v. for 2+ hoki (2003 year class) was 18.8%, below
the target c.v. of 20%. High c.v.s (over 30%) generally occurred when species were not well sampled
by the gear. For example, alfonsino and silver warehou are not demersal and exhibit strong schooling
behaviour. Others, such as smooth oreo and red cod, have high c.v.s as they are mainly distributed
outside the survey depth range.

The combined biomass for the top 31 species in the core strata that are tracked from year to year was
higher than in 2005 but similar to that in 2004 (Figure 4, top panel). Although at historically low
levels, hoki biomass was 17% higher than in 2005. As in previous years, hoki was still the most
abundant species caught (Table 4), and formed a similar proportion of the total biomass to last year
(Figure 4, lower panel). Black oreo, dark ghost shark, ling, lookdown dory, silver warehou, spiky
oreo, alfonsino, sea perch, spiny dogfish, pale ghost shark, white warehou, arrow squid, smooth oreo,
and giant stargazer were the next most abundant QMS species after hoki, each with an estimated
biomass over 2000 t. The most abundant commercial non-QMS species was shovelnose dogfish with
a biomass of 2815 t. A substantial biomass of non-commercial species, primarily javelinfish and
bigeye rattails was also estimated (Table 4).

The relative hoki biomass, estimated at 99 208 t, was 15% higher than that of 2005 (Table 5). This
increase was driven by average 1+ (2004 year class) and 2+ cohorts (2003 year class). The biomass of
fish aged 3 years and over (3++) increased from 21 200 t in 2005 to 33 586, due to recruitment of the
above average 2002 year class, but remains at historically low levels (Table 6). The hake biomass
estimate was about 30% higher than that of 2005. Ling biomass was up slightly from 2005.

The relative biomass of lookdown dory and sea perch increased from 2005, while the biomass of dark
ghost sharks and silver warehou was about the same, and the biomass of giant stargazer, silver warehou,
spiny dogfish and pale ghost sharks decreased (Figure 5).

3.6 Catch distribution

Hoki

In the 2006 survey, hoki were caught at 93 of the 96 biomass stations, but the highest catch rates were
mainly in shallow strata (200400 m) along the crest of the Chatham Rise, reflecting the abundance of
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juvenile (1+ and 2+) hoki (Figures 6a and 6b). One year old hoki (2004 year class) were relatively
abundant and largely confined to the Mernoo, Reserve, and Veryan Banks (strata 18, 19, 20, and 17) on
the western side of the survey area. Two year old hoki (2003 year class) were abundant across much of
the rise in 200-400 m depth, and sometimes to 600 m depth. The older 3++ fish were distributed
throughout much of the survey area, but were often associated with juvenile hoki in the 200-600 m
strata, probably reflecting the distribution of the above average 2002 year class (Figure 6¢). The highest
individual 2006 catch rate of hoki occurred in stratum 11D, to the northeast of the Chatham Islands and
consisted mainly of 2+ and 3+ hoki.

Hake

In 2006, catch rates of hake were higher than in 2005, and similar to those in 2004. The highest catch
rates were in stratum 7, east of the Mernoo Bank, and in the hake spawning area in strata 10B and 11A
(Figure 7). The highest individual catch rate of hake was in stratum 7 and appears to have been
associated with juvenile hoki. Few hake were taken from the top of the rise at depths of 200400 m and
from the south side of the survey area. The decline in hake catch rates over the time series is seen in
Figure 7.

Ling

As in previous years, catches of ling were evenly distributed throughout most strata in the survey area
(Figure 8). The largest catch was taken on the Veryan Bank (stratum 17). Ling distribution has been
reasonably consistent, and catch rates have remained relatively stable over the time series.

Other species

As with previous surveys, sea perch and lookdown dory were widely distributed throughout the survey
area, but were more abundant in 200-600 m depths on the west and eastern halves of the survey area
respectively. Spiny dogfish were also widely distributed, although larger catches were taken from the
southern rise in 200-600 m depths. Dark ghost shark where mainly caught in 200400 m depths with the
largest catch again taken in stratum 17 on Veryan Bank. Pale ghost shark were mainly captured in
deeper water at 400-800 m depth. Giant stargazer were more abundant around the Mernoo, Veryan, and
Reserve banks, and to the west of the Chatham Islands in 200-400 m depths. Silver warehou and white
warehou were patchily distributed and predominantly taken at depths of 200600 m (Figure 9, Tables 7
and ).

3.7 Biological data
3.7.1 Species sampled

The number of species and the number of samples for which length and length-weight data were
collected are given in Table 9.

3.7.2 Length frequencies and age distributions

Length-weight relationships used in the Trawlsurvey Analysis Program to scale length frequencies and
calculate biomass and catch rates of 1+, 2+ and 3++ hoki, are given in Table 10.
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Hoki

The 1+ (less than 49 cm), 2+ (49-63 cm), and 3+ (63-73 cm) age classes of hoki dominated scaled
length frequencies and age frequencies in the 2006 survey (Figures 10 and 11), and confirm the
observation of good 1+ and 2+ age classes in 2005. As with previous years, there were very few larger
adults over 4 years of age present in the survey area in 2006.

Hake

Hake scaled length frequencies and calculated numbers at age (Figures 12 and 13) show a pulse of small
fish from 45 to about 65 cm of age 3+ and 4+. This confirms the observation of a good 3+ age-class in
2005, however, the reasonable numbers of 3+ in 2006 were not observed as 2+ fish in 2005. This may
be due to reduced availability of 2+ hake in the survey area. Few hake longer than 70 cm and older than
age 5 were caught in 2006.

Ling

Ling scaled length frequencies and calculated numbers at age comprise mainly medium-sized
individuals of 4-11 years old, which corresponds to a period of strong recruitment during the 1990s
(Figures 14 and 15). The time series is a poor indicator of 1+ and 2+ age class strength for ling, perhaps
because of reduced selectivity or availability in the survey area.

Other species

Length frequency distributions for other species are shown in Figure 16. Clear modes are apparent in the
size distributions of white and silver warehou, which probably correspond to yearly cohorts. Length
frequencies of lookdown dory, giant stargazer, spiny dogfish, and dark ghost shark indicate that females
grow larger than males. It is unclear if modal peaks correspond to individual year classes in the length
frequencies of these species (Figure 16).

3.7.3 Reproductive status

Gonad stages of hake, hoki, ling, sea perch, and small numbers of other species are summarised in Table
11. Almost all hoki (97%) were either resting or immature. About 28% of male ling were ripe, but few
females were showing signs of reproductive activity this year. Due to reasonable recruitment in 2001
and possibly 2002, about 40% of hake were immature. Another 27% of hake were resting, and about
20% of females had gonads that were ripening. A reasonable number (26%) of female lookdown dory
were ripe (Table 11). Adults of most other species were resting.

3.7.4 Sex ratios

The overall sex ratio for hoki (1.02 females to every 1 male) were almost even (see Figure 10) Female
hake were more abundant than males (1.27:1) (Figure 12), while male ling were more abundant than
females (0.78 females: 1 male) (see Figure 14). As with previous years, the catch of spiny dogfish was
dominated by females (3.63:1), and there were more female than male giant stargazers (1.80:1) caught.
Sex ratios were about even for most other species (see Figure 16).
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3.7.5 Additional objectives
Trophic study (project ZBD2004/02)

The aims of the trophic study were successfully met, with 6961 fish stomachs collected from 25 key
species and a few large trophic predators (see Table 9). Fifteen night tows were carried out: 8 fine
meshed mesopelagic tows and 7 beam tows to provide specimens of key prey species for the trophic
study.

Giant stargazer age validation (project STA2004/03)

The aims of the giant stargazer age validation study were successfully met, with 165 giant stargazers
tagged and released. No tagged stargazers were recaptured from those tagged on last years survey.

3.8 Acoustic results

3.8.1 Description of acoustic mark types

A total of 214 acoustic data files (110 ‘trawl’ files and 104 ‘steam’ files) were recorded during the
trawl survey. Good weather conditions for much of the voyage meant that quality of acoustic
recordings was generally good (72% of all echograms) or marginal (17%). Only 8% of the trawl files
were considered too poor to be analysed quantitatively. The frequency of occurrence of each of the
eight mark categories is given in Table 12. Often several types of mark were present in the same
echogram. Data were sub-divided into three depth ranges (200400 m, 400-600 m, 600—1000 m)
based on the maximum depth observed during the acoustic file.

Pelagic layers were the most common daytime mark type, occurring in 95% of day steam files and
88% of trawl files (Table 13). Midwater trawling on previous Chatham Rise surveys suggests that
pelagic layers contain mesopelagic fish species, such as pearlsides (Maurolicus australis) and
myctophids (McClatchie & Dunford 2003). These mesopelagic species vertically migrate, rising in
the water column and dispersing during the night, turning into pelagic clouds and surface layers.
Surface layers were observed in 94% of night recordings and most day echograms. Pelagic schools
were observed in 47% of day steam files, 40% of trawl files, and 15% of night files (Table 13).
Cordue et al. (1998) suggested that pelagic schools or ‘bullets’ were associated with Ray’s bream, but
it is likely that the schools are aggregations of mesopelagic fish, on which Ray’s bream feed.

Eight night trawls were carried out using a fine-meshed midwater trawl during the 2006 survey to
provide information on key prey species as part of the trophic feeding study (MFish project
7ZBD2004/02). Five of these trawls sampled surface layers from 0-160 m depth (tows 12, 45, 76, 77,
107). These tows caught mainly myctophids (83% of total catch), with small quantities of pearlsides
(3%), squid (3%), crustaceans (3%), salps (2%), and other demersal and pelagic fish (6%). This was
broadly similar to the catch composition from surface layers in 2005, when 10 trawls caught 59%
myctophids, 26% salps, 7% crustaceans, and 3% squid (Stevens & O’Driscoll 2006). Three midwater
trawls in 2006 sampled deeper pelagic clouds from 200—680 m depth (tows 43, 44, and 106). These
deeper tows also caught myctophids (42% of total catch), but there was a higher proportion of
demersal fish (30%), squid (20%), and crustaceans (6%) than in tows on shallower surface layers.
Catch rates in all mesopelagic trawls in 2006 were low, with a maximum catch of 16.6 kg in tow 77.

Bottom layers were observed in 87% of day steam files, 67% of day trawl files, and 45% of night
files (Table 13). 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 probably
also contain mesopelagic species when these occur close to the bottom (O’Driscoll 2003). There was
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often mixing of bottom layers and pelagic layers, particularly when the seabed rose or fell. Bottom-
referenced schools were present in 16% of daytime (trawl and steam) recordings, and were most
abundant in 200400 m water depth (see Table 12). Bottom schools and layers 10-70 m off the
bottom were sometimes associated with large catches of 1+ and 2+ hoki (e.g., Figure 17a), but also
with other species such as barracouta and alfonsino (Stevens & O’Driscoll 2006). Single target
echoes close to the bottom were observed in most files, regardless of depth or time of day (see Table
12). Single targets usually occurred in the same echogram as other mark types, making identification
of the species responsible for the single target echoes difficult, but probably consist of low densities
of demersal fish.

Table 13 compares the percentage occurrence of marks on the Chatham Rise in 2006 with that from two
previous surveys in 2003 and 2005. Daytime marks on the Chatham Rise in 2006 were generally similar to
those observed in previous surveys, although there were a lower proportion of bottom schools in 2006.
Daytime mark types such as pelagic schools, pelagic layers and bottom layers were more frequently
recorded during night recordings in 2005 and 2006 than in 2003 (Table 13). This was probably because
some night steams started relatively early in the evening during the last two surveys (before 18:00 NZST),
before marks dispersed and ascended.

3.8.2 Comparison of acoustics with bottom trawl catches

Acoustic data from 88 trawl files were integrated and compared with trawl catch rates. Data from the
other 22 trawl recordings were not included in the analysis because the acoustic data were too noisy
(8 files), they were carried out at night (8 files), or because the trawl was not considered suitable for
biomass estimation (6 files). Average acoustic backscatter from the bottom 10 m and trawl catch rates
(for all species combined) in 2006 were similar to 2001-05 (Table 14). There was a very weak
positive correlation between acoustic backscatter and trawl catch rates in 2006 (Figure 18), which
was not statistically significant (p = 0.14). In previous Chatham Rise surveys from 2001-05, rank
correlations between trawl catch rates and acoustic density estimates (from the entire bottom-
referenced layer) ranged from 0.18 (in 2003) to 0.46 (in 2001).

The weak correlation between acoustic backscatter and trawl catch rates (Figure 18) arises because
large catches are sometimes made when there are only weak marks observed acoustically, and
conversely, relatively little is caught in some trawls where dense marks are present. The two
echograms in Figure 17 correspond to trawls at similar depths in adjacent strata with very similar
catches of small hoki and other species. However, there is 30 times more acoustic backscatter within
10 m of the bottom, and 70 times more backscatter in the bottom 100 m, in tow 81 (Figure 17b)
compared to tow 79 (Figure 17a). O’Driscoll (2003) suggested that bottom-referenced layers on the
Chatham Rise (such as those shown in Figure 17b) may also contain a high proportion of
mesopelagic ‘feed’ species, which contribute to the acoustic backscatter, but which are not sampled
by the bottom trawl. This, combined with the diverse composition of demersal species present, means
that it is unlikely that acoustics will provide an alternative biomass estimate for hoki on the Chatham
Rise in the short term.

4. CONCLUSIONS

The 2006 survey successfully extended the January Chatham Rise time series into its fifteenth year and
provided abundance indices for hoki, hake, and ling. The survey c.v. of 18.8% achieved for 2+ hoki was
well within the target precision level of 20%. The estimated total biomass of hoki was 15% higher than
in the previous survey, due to reasonable recruitment of 1+ and 2+ year old hoki into the survey area.
The estimated biomass of recruited hoki (3+ years and older) increased by 87% from 2005 (21 200 t to
39 745 t), due to inclusion of the reasonable 2002 year class, but continues to remain at low levels
compared to the 1990s. The biomass of hake in core strata increased by 32% to 1384 t, due to a good
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showing of 3+ (2002 year class) and 4+ (2001 year class) year old hake, but the overall biomass estimate
remains at historically low levels. The biomass of ling was similar to previous surveys and the trawl
time-series has showed no overall trend.
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Table 1: The number of completed valid biomass stations by stratum during Phases 1 of the 2006 survey
(Note: No Phase 2 stations were completed during the survey)

Stratum Depth Location Area Phase1 Phase2 Total Station
number range (km’) stations stations stations density

(m) (1: k)
1 600-800 NW Chatham Rise 2439 3 3 1: 813
2A 600-800 NW Chatham Rise 3253 3 3 1: 1084
2B 600-800 NE Chatham Rise 8503 5 5 1: 1701
3 200400 Matheson Bank 3499 3 3 1: 1166
4 600-800 SE Chatham Rise 11315 3 3 1:3772
5 200400 SE Chatham Rise 4078 3 3 1: 1359
6 600-800 SW Chatham Rise 8 266 3 3 1: 2755
7 400-600 NW Chatham Rise 5233 7 7 1: 748
8A 400-600 NW Chatham Rise 3286 3 3 1:1095
8B 400-600 NW Chatham Rise 5722 3 3 1: 1907
9 200-400 NE Chatham Rise 5136 3 3 1: 1712
10A 400-600 NE Chatham Rise 2958 3 3 1: 986
10B 400-600 NE Chatham Rise 3363 3 3 1: 1121
11A 400-600 NE Chatham Rise 2966 5 5 1: 593
11B 400-600 NE Chatham Rise 2072 3 3 1: 691
11C 400-600 NE Chatham Rise 3342 3 3 1:1114
11D 400-600 NE Chatham Rise 3368 3 3 1: 1123
12 400-600 SE Chatham Rise 6578 3 3 1:2193
13 400-600 SE Chatham Rise 6681 3 3 1: 2227
14 400-600 SW Chatham Rise 5928 3 3 1: 1976
15 400-600 SW Chatham Rise 5842 3 3 1: 1947
16 400-600 SW Chatham Rise 11522 6 6 1:1920
17 200400 Veryan Bank 865 3 3 1: 288
18 200400 Mermoo Bank 4 687 5 5 1: 937
19 200400 Reserve Bank 9012 6 6 1: 1502
20 200400 Reserve Bank 9584 5 5 1:1917
Total 146 855 96 0 96 1: 1530

Table 2: Survey dates and number of valid 200-800 m depth biomass stations in surveys of the Chatham
Rise, January 1992-2006

Trip_code Start date End date No. of valid biomass

stations
TAN9106 28 Dec 1991 1 Feb 1992 184
TAN9212 30 Dec 1992 6 Feb 1993 194
TAN9401 2 Jan 1994 31 Jan 1994 165
TAN9501 4 Jan 1995 27 Jan 1995 122
TAN9601 27 Dec 1995 14 Jan 1996 89
TAN9701 2 Jan 1997 24 Jan 1997 103
TAN9801 3 Jan 1998 21 Jan 1998 91
TAN9901 3 Jan 1999 26 Jan 1999 100
TANO0001 27 Dec 1999 22 Jan 2000 128
TANO101 28 Dec 2000 25 Jan 2001 119
TANO0201 5 Jan 2002 25 Jan 2002 107
TANO0301 29 Dec 2002 21 Jan 2003 115
TANO0401 27 Dec 2003 23 Jan 2004 110
TANO0501 27 Dec 2004 23 Jan 2005 106
TANO0601 27 Dec 2005 23 Jan 2006 96
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Table 3: Tow and gear parameters by depth range for valid biomass stations. Values shown are sample size
(n), and for each parameter the mean, standard deviation (s.d.), and range

n Mean (m) s.d. Range

Tow parameters

Tow length (n. miles) 96 29 0.20 2.0-3.1

Tow speed (knots) 95 35 0.05 3.0-3.6
Gear parameters
200400 m

Headline height 28 7.0 0.22 6.6-7.4

Doorspread 28 1125 6.9 95.3-124.2
400-600 m

Headline height 51 6.8 0.12 6.6-7.1

Doorspread 51 119.1 435 105.8-128.8
600-800 m

Headline height 17 6.9 0.12 6.6—-7.0

Doorspread 17 117.1 329 110.3-122.1
All stations 200800 m

Headline height 96 6.9 0.17 6.6-7.4

Doorspread 96 116.8 5.81 95.3-128.8
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Table 4: Catch (kg) and total biomass (t) estimates (also by sex) with coefficient of variation (c.v.), of QMS
species, other commercial species, and major non-commercial species for valid biomass stations in 200-800 m
depths. Total biomass includes unsexed fish. (-, no data.) Note: A number of giant stargazers were tagged
and released and therefore were not sexed

Common name Code Catch Biomass males Biomass females Total biomass
kg t %c.wv. t %cv. t  %ec.wv.
QMS species
Hoki HOK 45068 45137 11.8 53950 9.9 99208 10.6
Black oreo BOE 4720 12409 35.1 10 200 27.6 22625 313
Dark ghost shark GSH 6293 4 649 123 6 850 123 11502 11.9
Ling LIN 4202 4 800 9.9 4485 79 9301 7.4
Lookdown dory LDO 3139 2526 8.8 5252 10.2 7818 8.4
Silver warehou SWA 2 850 3 827 533 3877 46.6 7704 48.1
Spiky oreo SOR 2784 4058 33.8 3517 30.5 7576 32.1
Alfonsino BYS 3955 3823 88.6 2480 875 6439 86.4
Sea perch SPE 2464 2972 9.9 2617 11.0 5752 10.0
Spiny dogfish SPD 2613 969 15.6 4 667 144 5650 14.1
Pale ghost shark GSP 1264 1434 119 1788 11.1 3237 10.5
White warehou WWA 1523 1464 344 1462 254 2929 294
Arrow squid NOS 1901 1103 26.9 1534 309 2678 28.6
Smooth oreo SSO 455 1131 44.6 877 47.5 2010 45.6
Giant stargazer STA 960 152 25.3 639 26.8 2007 19.5
Smooth skate SSK 730 598 373 840 31.0 1521 28.7
Hake HAK 851 445 24.8 939 20.8 1384 19.3
Barracouta BAR 197 339 80.1 123 573 462 72.0
Red cod RCO 194 202 57.2 127 343 337 46.0
School shark SCH 144 242 479 45 71.2 304 40.8
Ribaldo RIB 144 91 15.9 223 243 313 16.9
Southern Ray’s bream  SRB 172 160 304 196 27.5 411 26.9
Bluenose BNS 116 78 39.5 123 59.6 201 47.2
Slender mackerel JMM 44 40 794 23 91.3 76 70.7
Tarakihi TAR 24 43 539 29 69.0 72 55.5
Lemon sole LSO 27 26 329 31 18.8 58 21.0
Rough skate RSK 18 32 70.9 24 100 56 55.8
Trumpeter TRU 17 31 77.1 12 100 43 82.1
Scampi SCI 17 19 30.2 12 204 37 21.0
Deepsea cardinalfish EPT 19 15 51.2 11 60.7 28 40.9
Hapuku HAP 14 - 24 41.1 24 41.1
Frostfish FRO 5 8 66.5 5 100 13 65.1
Rubyfish RBY 5 5 80.0 3 79.9 8 80.0
Jack mackerel JMD 5 6 100 2 100 8 100
Blue mackerel EMA 3 5 100 2 100 7 100

(continued on p. 21)
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Table 4 (continued)

Common name Code Catch Biomass males =~ Biomass females Total biomass
kg t  %c.v. t %cv. t %ec.v.
Commercial non-QMS species (where biomass > 30 t)
Shovelnose dogfish SND 1329 1268 16.5 1543 18.7 2815 144
Redbait RBT 44 69 55.9 33 55.5 102 55.1
Southern blue whiting ~ SBW 164 43 99.1 32 873 75 94.0
Northern spiny dogfish NSD 16 40 70.9 0 44 64.1
Non-commercial species (where biomass > 800 t)
Javelinfish JAV 7702 - - - - 20380 19.6
Big-eye rattail CBO 4114 - - - - 10326 9.5
Oliver's rattail COL 654 - - - - 2056 30.8
Baxter’s dogfish ETB 380 - - - - 1608 494
Oblique-banded ratt. CAS 1237 - - - - 1489 13.0
Orange perch OPE 618 - - - - 1425 56.6
Banded bellowsfish BBE 636 - - - - 1264 134
Silver dory SDO 413 - - - - 1104 51.7
Longnose chimaera LCH 302 - - - - 946 18.4
Total (above) 104 546 - - - - 245433 -
Grand total (all species) 109 977 - - - - - -

21



Table 5: Estimated biomass (t) with coefficient of variation below (%) of hoki, hake, and ling sampled by
annual trawl surveys of the Chatham Rise, January 1992-2006. stns, stations (-, no data; c.v., coefficient of

variation.)
Year Survey
1992 TAN9106
C.V.
1993 TAN9212
C.V.
1994 TAN9401
C.V.
1995 TAN9501
c.v.
1996 TAN9601
c.v.
1997 TAN9701
c.v.
1998 TAN9801
c.V.
1999 TAN9901
Cc.V.
2000 TANO0001
c.v.
2001 TANO101
c.v.
2002 TAN0201
Cc.V.
2003 TANO0301
Cc.V.
2004 TANO0401
c.v.
2005 TANO0501
c.v.
2006 TANO0601
c.v.

Core strata 200800 m 800-1000 m

No. stns Hoki Hake Ling No. stns Hoki Hake Ling

184 120190 4180 8930 0 - - -
7.7 14.9 5.8

194 185570 2950 9360 0 - - -
10.3 17.2 7.9

165 145633 3353 10129 0 - - -
9.8 9.6 6.5

122 120441 3303 7363 0 - - -
7.6 22.7 7.9

89 152813 2457 8424 0 - - -
9.8 13.3 8.2

103 157974 2811 8543 0 - - -
84 16.7 9.8

91 86 678 2873 7313 0 - - -
10.9 18.4 8.3

100 109336 2302 10309 0 - - -
11.6 11.8 16.1

128 72 151 2152 8348 4 411 62 18

12.3 9.2 7.8 56 64 100

119 60 330 1589 9352 0 - - -
9.7 12.7 7.5

107 74 351 1567 9442 3 1955 338 0

114 153 7.8 39 23

115 52531 888 7261 0 - - -
11.6 15.5 9.9

110 52 687 1547 8248 0 - - -
12.6 17.1 7.0

106 84 594 1048 8929 0 - - -
11.5 18.0 9.4

96 99 208 1384 9301 0 - - -
10.6 19.3 7.4
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Table 6: Relative biomass estimates (t in thousands) of hoki, 200-800 m depths, Chatham Rise trawl
surveys January 1992-2006 (c.v. coefficient of variation; 3++ all hoki aged 3 years and older; (see Appendix 3
for length ranges of age classes.)

1+ hoki 2+ hoki 3 ++ hoki Total hoki

Survey 1+ year t %c.v 2+ year t % c.v t %cv t %cv
class class

1992 1990 2.8 27.9) 1989 1.2 (18.1) 116.1  (7.8) 1202 (9.7)
1993 1991 329 (334 1990 2.6 (25.1) 150.1 (8.9 185.6 (10.3)
1994 1992 14.6 (20.0) 1991 447 (18.0) 86.2 (9.0 145.6  (9.8)
1995 1993 6.6 (13.0) 1992 449 (11.0) 69.0 (9.0 1204 (7.6)
1996 1994  27.6 (24.0) 1993 15.0 (13.0) 106.6 (10.0) 152.8  (9.8)
1997 1995 3.2 (40.0) 1994  62.7 (12.0) 92.1 (8.0 158.0 (8.4)
1998 1996 4.5 (33.0) 1995 6.9 (18.0) 75.6 (11.0) 86.7 (10.9)
1999 1997 256 (30.4) 1996 16.5 (18.9) 670 (9.9 109.3 (11.6)
2000 1998 144 (32.4) 1997 282 (20.7) 295  (9.3) 71.7 (12.3)
2001 1999 0.4 (74.6) 1998 242 (17.8) 357  (9.2) 603 (9.7)
2002 2000 224 (25.9) 1999 1.2 (21.2) 50.7 (12.3) 744 (11.4)
2003 2001 0.5 (46.0) 2000 27.2 (15.1) 204 (9.3) 526 (8.7)
2004 2002 14.4 (32.5) 2001 55 (204) 328 (12.9) 52.7 (12.6)
2005 2003 17.5 (23.4) 2002 458 (16.3) 212 (11.4) 84.6 (11.5)
2006 2004 259 (21.5) 2003  33.6 (18.8) 39.7 (10.3) 99.2 (10.6)
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Table 9: Total numbers of fish, squid, and scampi measured for length frequency distributions
and biological samples from all stations. The number of stomachs collected is also provided

Number

measured

Species Males
Alfonsino 276
Arrow squid 595
Banded bellowsfish 2
Barracouta 76
Baxter's dogfish 159
Bigeye rattail 1046
Black oreo 419
Bluenose 14
Blue mackerel 2
Dark ghost shark 1531
Deepsea cardinalfish 50
Frill shark 0
Frostfish 3
Giant stargazer 57
Hake 127
Hapuku 0
Hoki 7102
Jack mackerel (7. declivis) 5
Javelin fish 35
Leafscale gulper shark 4
Lemon sole 35
Ling 999
Longnose velvet dogfish 112
Long-nosed chimaera 135
Lookdown dory 1502
Lucifer dogfish 38
Northern spiny dogfish 4
Oblique banded rattail 57
Oilfish 0
Oliver's rattail 168
Orange perch 175
Orange roughy 38
Pale ghost shark 330
Plunket's shark 4
Red cod 135
Redbait 66
Ribaldo 44
Rough skate 2
Ruby fish 3
Scampi 70
School shark 7
Sea perch 1203
Seal shark 5
Shovelnose dogfish 437
Silverside 0
Silver warehou 588
Slender mackerel (7. s. murphyi) 21
Smoothskin dogfish 7
Smooth oreo 223
Smooth skate 20

Number

measured

26

Females

176
718
54
23
97
946
321
16

1
1837
7

1

1

86
136
3

8 801
2
262
15
33
881
177
114
1619
34

698

320
170

23
370

78
39
47

57

1270
28
381

523
12
10

167
19

Number
measured
Total*

552
1370
1890

99

256
2604

741

30

3
3370
68

1

4
322
265
3
15969
7
5144
19

68
1882

291

251
3158

80

4
1465
1
1870
355
84
704
13
214
105
91

3

5
135
10

2 696
33
822
30
1111
33
17
391
40

Number of Number of

biological
samples

324
1055
1437

69

2481

3

3
1525
30

1

4
322
265

2196

4 780
16

1765
91
249
2634

1420

1714
235

656
10
152

63

135
10
2108
33
485

770
16

237
40

stomachs
collected

90
143
130

50

434

367

97
234

716

524
16

946

58
180
219

228

250
97

267

10
70

10
221
24
398
267
15

40



Table 9 (continued)
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