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Introduction

This report describes a stratified random bottom trawl survey of the south Chatham Rise
carried out using GRYV Tangaroa between 11 October and 9 November 1991. This was the
first of a new time series of such surveys in this area to estimate the relative biomass of black
oreo (Allocyttus niger), smooth oreo (Pseudocyttus maculatus), and orange roughy
(Hoplostethus atlanticus). Relative biomass information is required for stock assessment of
these species.

Three other stratified random trawl surveys of the south Chatham Rise have been carried
out from chartered commercial trawlers: Arrow in 1986, Amaltal Explorer in 1987, and
Cordella in 1990. (Reports of these surveys were by Fincham et al. (1987), Fenaughty ez al.
(1988), and McMillan & Hart (1994), respectively). Because different vessels and different
trawl gear were used for these surveys, the biomass estimates of the oreo species and orange
roughy are not comparable and were not used in previous stock assessments. Stock assessment
of the oreo species in the period 1983 to 1993 was based on historical catch data (see Annala
1993).

Project objectives

1. To determine the location and distribution, and develop a time series, of relative abundance
indices of pre-recruit and recruited smooth oreo, black oreo, and orange roughy on the
south and east Chatham Rise using bottom trawl survey techniques.

2. To measure and monitor biological parameters, including length, weight, sex, reproductive
state, and age of the populations of smooth oreo, black oreo, and orange roughy on the
south Chatham Rise for use in population modelling.

3. To analyse the catch and effort data from the commercial oreo fishery in New Zealand
waters.

4. To assess the Chatham Rise oreo fishery.

Survey objectives

1. To estimate the biomass and determine the distribution of deepwater species, principally
black oreo, smooth oreo, and orange roughy.

2. To determine the size structure of the populations of black oreo, smooth oreo, and orange
roughy and collect otoliths for age estimation.

3. To determine the spawning condition of the populations of black oreo, smooth oreo, and
orange roughy.

4. To retain rare or unusual species of fish, molluscs, and crustaceans for the Museum of
New Zealand, Wellington.

Methods

Survey area

The survey area was first defined for the 1986 survey and was subdivided into four
subareas roughly equal in size. In 1987 the eastern end of the survey area was extended from



176° 20° W to 176° W. A further easterly extension, subarea 5, was made in the 1990 survey
from 176° W curving east and north to latitude 44° S.

The 1991 survey area was the same as that for 1990, totalled 56 841 km?, and was divided
into five subareas as follows: subarea 1 from longitude 172° 30" to 174° 30’ E, subarea 2
from 174° 30" to 176° E, subarea 3 from 176° to 178° 40’ E, subarea 4 from 178° 40’ E to
176° W, and subarea S from 176° to 174° 10" W (with a northern limit of latitude 44° S)
(Figure 1).

Survey design

A two-phase stratified random bottom trawl survey design (after Francis 1984) was used
with 121 stations planned for phase 1 and 50-60 for phase 2. Areas and depths were chosen
to sample black oreo, smooth oreo, and orange roughy.

Stratification

Strata and stratum areas are given in Table 1. Depth stratification for all subareas in 1986,
1987, 1990, and 1991 included the intervals 600—-800, 800-900, 900-1000, 1000-1100, and
1100-1200 m. An interval of 1200-1500 m was added in subareas 4 and 5 in 1990 in
response to reported commercial fishing there at those depths, and those strata (21 and 27)
were sampled again in 1991.

Station allocation

Allocation of stations to strata was decided after consideration of the station allocation in
the 1986, 1987, and 1990 surveys. Equal weighting was given to the depth intervals 800-900,
900-1000, and 1000-1100 m because most of the biomass came from those depths. Subareas
2 and 3 had fewer stations because of low biomass there. Stratum 10 (1100-1200 m, subarea
2) and stratum 15 (1100-1200 m, subarea 3) were sampled in the 1986 and 1987 surveys, but
not subsequently because of low biomass results.

Phase 2 stations were allocated after calculating the number of stations required to reduce
the variability (coefficient of variation, c.v. (%)) of the biomass estimates for black oreo,
smooth oreo, and orange roughy. Emphasis was placed on reducing the c.v. of the largest
biomass estimate (smooth oreo) to less than 30%.

Station position selection

Phase 1 random station positions were first generated for the 1986 survey. The 1986 phase
1 stations were repeated in 1987, 1990, and 1991 for subareas 1-4. New phase 1 station
positions were generated for strata 21-27 in 1990.

There were fewer stations in some strata in 1991 than in 1990 because less time was
available. The number of stations was reduced by random selection from the 1990 list in the
following strata by the numbers shown in parentheses: 21 (2), 23 (4), 24 (2), 25 (2), 26 (1),
and 27 (1).

New random positions were generated on board for phase 2 stations.



Station execution

Phase 1 stations in subareas 1-4 used the actual start and finish positions of the 1990
stations because these positions were known precisely (Global Positioning System was used).
For new phase 1 and phase 2 positions the station was carried out by towing through the
random position. Where this was not possible because of bad trawl ground, an area within
2 n. miles of the position was searched for trawlable ground. If a station was still not
possible, the position was abandoned and replaced with the next one on the list.

Phase 1 and phase 2 stations were 2 n. miles long where possible: the shortest acceptable
station was (.81 and the longest was 2.24 n. miles (n = 154, mean = 1.86, median = 2.0).

Survey timing

The survey was carried out from 11 October to 9 November 1991. This was slightly earlier
in the year than previous surveys because of vessel planning constraints.

Vessel and gear

GRYV Tangaroa has the following specifications: overall length, 70 m; beam, 14 m; gross
tonnage, 2280 t; main engine power 3000 kW. Trawl gear specifications are given in
Appendix 1. The plan of the net used was given in appendix 1 of Clark & Tracey (1994).

Biomass estimation

Biomass was estimated using the area-swept method (Francis 1981). The formulas are
summarised in Vignaux (1994).

The effective fishing width of the net was assumed to be the width between the wings of
the net, so the vulnerability, V, was assigned a value of 0.239. This is the ratio of the mean
distance between the wings, assumed to be 28 m (measured during gear trials in July-
September 1991), and the mean distance between the doors, 117 m.

Biomass was calculated with the MAF Fisheries Trawlsurvey Analysis Program held at
Greta Point. The combined biomass and length frequency analysis was used and biomass
stations were selected from the required strata where gear performance was 1 or 2. Run
parameters for the analysis included: recorded distance towed; constant doorspread of 117.0
m; catch data weight as recorded in catch table; length-weight relationship calculated for each
species from data collected during the 1991 survey; fish vulnerability, 0.239; vertical
availability, 1.0; areal availability, 1.0. Catch rates were expressed as kg.km™.

Biomass estimates for the three main species (black oreo, smooth oreo, and orange roughy)
were made for fish of all lengths ("all fish") and also for fish that were considered to have
recruited to the fishery (“recruited"). The recruited length for each species was defined as the
length on the left hand limb of the length distribution (to the left of the mode) at which 50%
of the fish occurred and was calculated from the length frequency distribution of fish sampled
from commercial catches by scientific observers. The length data were selected from the
observer database from the area 43°30” to 45°30” and 172° E to 174° W for the years 1986
to 1992 and were not scaled. The mode was observed from a plot of numbers of fish versus
length, i.e., 29 cm for black oreo, 36 cm for smooth oreo, and 35 cm for orange roughy. The
length where 50% of the fish were to the left of the mode was calculated using a computer
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spreadsheet. Recruited lengths were 27 cm total length (TL) for black oreo, 34 cm TL for
smooth oreo, and 33 cm standard length (SL) for orange roughy.

Data recording and handling

All station data were recorded on to 030 forms and were then entered by hand into the
onboard computer. All catch and biological data were entered directly into the computer from
the wet lab using the digitisers. All weights, including catch, individual fish, and gonad
weights, were keyed in using the digitisers because the electronic capture of the weight data
had not been developed. Data were checked on board (by Brent Wood and Alan Hart) and
were checked and edited at Greta Point before being loaded on to the database.

Catch sampling

All catches were sorted by species and all bycatch species were weighed and recorded.

Small catches totalling less than about 2000 kg were weighed on the Seaway weighers.

For catches over about 2000 kg the weight of the black oreo, smooth oreo, or orange
roughy was back-calculated from the amount of fish processed on board. This required the
following information: the conversion factor (from unprocessed to headed and gutted state)
estimated for most of the large catches from about 200 kg of unprocessed fish (results of
conversion factor tests are given in Appendix 2); the average frozen block (tray) weights
estimated from a sample of 10 blocks weighed at the start of the survey (Appendix 2); and
the number of frozen blocks of each species produced at each station. The total catch of each
species was then calculated from the product of the number of frozen blocks, the conversion
factor, and the average block weight. Small specimens of the three main species that could
not be processed were sorted out of large catches, weighed, recorded, and discarded.

Rare or unusual fish, molluscs, and crustaceans were labelled with the station number and
frozen for the Museum of New Zealand, Wellington.

Biological sampling

A sample of up to about 200 individuals each of black oreo, smooth oreo, orange roughy
(and other quota species when caught) was taken at each station to determine the length
frequency distribution in different areas and depths. (Length was measured to the nearest
centimetre below.) In addition, length (to the nearest millimetre), weight (nearest 10 g), sex,
gonad stage, gonad weight (nearest 1 g), and otoliths were collected from up to 20 individual
specimens of the three main species at each station for studies of size and age structure (not
described in this report), length-weight relationship, and reproductive state of the populations.
Reproductive state was assessed by macroscopic gonad staging using the definitions for black
oreo, smooth oreo, and orange roughy given in Appendix 3. About 600 otolith pairs were
collected for each species. The stomachs of smooth oreo sometimes contained a large amount
of water, probably taken in during capture, so the stomach was removed before weighing.
Black oreo and orange roughy were weighed intact.



Scaling length data

Length frequency data were scaled or adjusted to represent the population in the survey
area using the MAF Fisheries Trawlsurvey Analysis Program. Options selected for running
the program were: combined biomass and length frequency; scaled to percent sampled and
distance towed; stations were selected from the required strata where gear performance was
1 or 2; length-weight parameters used were obtained from data collected during the 1991
survey (see Table 10). The calculations within the program were described by Vignaux
(1994).

Water temperatures

The sea surface temperature was recorded at each station from the bridge weather station.
Bottom temperature readings were recorded from the Kaijo-Denki net monitor. The accuracy
of the data from the net monitor is unknown because the device was not calibrated.

Results

Trawl stations

A total of 154 stations (116 in phase 1 and 38 in phase 2) were completed and used for
biomass estimation (see Table 1). Station data are summarised in Appendix 4.

Catch and catch rates

A summary of the catch of the 10 most abundant species from all stations combined is
given in Table 2 and catches of the three main species at each station are given in
Appendix 5. The species caught during the survey are listed in Appendix 6.

Smooth oreo and black oreo were caught in most of the tows and orange roughy was
caught at only about half of the stations. Smooth oreo contributed 81% of the total catch by
weight.

Catch and catch rates of black oreo, smooth oreo, and orange roughy from each stratum
and catch from each subarea are given in Table 3. Catch rates for the three main species are
shown for each station in Figures 2-4.

Black oreo

Catch was spread across subareas 1-4; the highest catch was in subarea 3. Catch in subarea
5 was negligible. Most black oreo was caught at depths less than 1000 m with catch from
shallow strata (600-800 and 8§00-900 m) dominated by small individuals with a modal size
of 28 cm TL. The species dominated catch at 600-800 m everywhere except subarea 5.



Smooth oreo

Catch came mainly from subarea 4 with lesser amounts from subareas 3 and 5. Most was
caught at depths of 900-1200 m. Stratum 20 (1100-1200 m) in subarea 4 contributed the
largest catch. The species dominated catch at intermediate and deep strata (800-1200 m) in
subareas 3-5.

Orange roughy

Catch came almost entirely from subareas 4 and 5. Most was caught at 900—-1200 m at the
eastern end of the survey area and the species was never a dominant catch component from
any subarea or stratum.

Biomass estimates

Biomass estimates for all quota and commercially important non-quota species are given
in Table 4. Catch and biomass estimates of hoki from the depth intervals 600-800, 800—1000,
and 1000-1200 m for catches made in daylight (0451-1813 hours, New Zealand Standard
Time) are given in Table 5. The survey covered only a fraction of the depth range of species
such as hoki, hake, ling, ribaldo, and pale ghost shark and was not designed to measure the
biomass of these species. The totals for all strata, individual stratum values, and separate
values for recruited and fish of all lengths ("all fish") for the three main species are given in
Table 6. Biomass estimates for the three main species for fish of all lengths are summarised
by subarea in Table 7 and by depth in Table 8.

There was only a minor contribution to the biomass of the three main species from depths
greater than 1200 m.

Black oreo

Black oreo came mainly from 600-800 m in subarea 2 where fish had modal sizes of 26
and 28 cm TL and from subarea 4 where the modal size was 33 cm TL. The 800-900 m
stratum was next in importance.
Smooth oreo

Smooth oreo came mainly from 900-1100 m in subarea 3 and 800-1200 m in subarea 4.

Orange roughy

Biomass was relatively small compared to the oreo species with most coming from
1100-1200 m in subarea 4 and 900-~1000 m in subarea 5.
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Biological data

The numbers of length and other biological samples taken during the survey are shown in
Table 9.

The length distributions of scaled samples of black oreo, smooth oreo, and orange roughy
measured during the survey are shown in Figure 5.

Scaled length data for the three main species from the depth intervals 600-800, 800—-1000,
and 1000-1200 m are presented in Figure 6. Figure 7 presents scaled length data for the same
species by three areas; 1, 172° 30'-176° E; 2, 176°-179° 30’ E; 3, 179° 30" E-174° W. These
areas were chosen because they had uniform species catch composition during the survey.

Length-weight relationships for the fish sampled are shown in Table 10, and the results of
macroscopic staging of gonads for the three species sampled throughout the survey are
summarised in Table 11. A large proportion of samples of black and smooth oreo were either
immature or developing (stages 1-3). Most of the orange roughy were immature or resting
(stages 1-2).

Tables 12 and 13 give the incidence of each gonad stage for the three main species by
depth interval and subarea respectively.

Black oreo

Immature (stage 1) fish of both sexes were found at all depths to 1200 m. Small sample
sizes of spawners makes it difficult to draw conclusions, but most of the females with hyaline
oocytes (stage 4) were found at depths of 800-1000 m. Immature fish of both sexes were
widespread in subareas 1-4, but were largely absent from subarea 5. Females with hyaline
oocytes were found only in subareas 2—4. The survey began in subarea 1 and it may have
been too early to find stage 4 fish there.

Smooth oreo

Most of the immature fish of both sexes were spread through the 800-1200 m depth range.
There were too few maturing fish to draw conclusions about depth preferences. Immature fish
of both sexes were distributed throughout the survey area, but were most abundant in
subarea 4. Too few mature smooth oreo were sampled to draw conclusions about the
distribution of spawning.

Orange roughy
Immature fish of both sexes were distributed at depths of 800-1200 m. Fish were resting

after winter spawning and no other patterns are evident from the data. Most of the fish were
in subareas 4 and 5 and most were immature or resting.

Water temperatures
Surface temperatures ranged from 8.4 to 12.9 °C (n = 142). Temperatures were low at the

western end and high at the eastern end of the survey area. There was also a less pronounced
trend of increasing temperature at the same locality with time.
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Bottom temperature ranged from 2.4 to 7.9 °C (n = 139), and as expected lower
temperatures were recorded at greater depths (Figure 8).

Discussion

This discussion is limited to the methods employed in this first survey of the new series
and to methods to consider for future surveys. Results are not compared with those from other
surveys. Similarities and differences between the four south Chatham Rise surveys are
summarised in Table 14.

The 1200~-1500 m depth interval contributed 0, 0.1, and 1.9% of the total biomass of black
oreo, smooth oreo, and orange roughy respectively (Table 8). However, the 1100-1200 m
interval produced a substantial amount of smooth oreo (25.5%) and orange roughy (37.4 %)
biomass. No catches of the three main species greater than 100 kg were taken from the
stations deeper than 1300 m during this and the 1990 survey (McMillan & Hart 1994). This
suggests that depths greater than 1300 m should not be sampled in future surveys.

Commercial vessels catch considerable quantities of the three main species from a series
of hills not sampled in this survey. For the next survey we need to know precisely where
these hills are and to develop methods for estimating biomass from hills. Relative biomass
from the hills could be compared between surveys and with that from the non-hill areas.

The next survey should be as similar to the 1991 survey as possible and should continue
to aim to refine the biomass estimate of smooth oreo.
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Table 1: Strata, subareas, and numbers of stations

Depth Area No. of stations
Stratum (m) (km?2) Phase 1 Phase 2 Total

Subarea 1
1 600-800 3630 3 0 3
2 800-900 1732 8 0 8
3 900-1000 1 435 7 0 7
4 1000-1100 1272 9 0 9
5 1100-1200 2 079 3 0 3
Subtotal 10 148 30 0 30

Subarea 2
6 600-800 4180 3 0 3
7 800-900 2162 5 0 5
8 900-1000 1 086 3 0 3
9 1000-1100 1789 3 0 3
Subtotal 9217 14 0 14

Subarea 3
11 600-800 3 781 3 0 3
12 -800-900 1571 5 0 5
13 900-1000 1677 6 3 9
14 1000-1100 2123 4 0 4
Subtotal 9152 18 3 21

Subarea 4
16 600-800 4270 3 0 3
17 800-900 2 890 7 1 8
18 900-1000 2 364 6 7 13
19 1000-1100 2 454 7 4 11
20 1100-1200 2275 4 23 27
21 1200-1500 8 864 3 0 3
Subtotal 23 117 30 35 65

Subarea 5
22 600-800 1329 3 0 3
23 800-900 465 4 0 4
24 900-1000 315 5 0 5
25 1000-1100 593 4 0 4
26 1100-1200 614 4 0 4
27 1200-1500 1891 4 0 4
Subtotal 5207 24 0 24
Total 56 841 116 38 154

Note: Strata 10 and 15, sampled during the 1986 and 1987 surveys, were not sampled on the 1991 survey and have been removed from
this table. The numbering of the strata used in the previous surveys has been retained.



Table 2: Total catch and percentage catch composition by weight of the 10 most abundant species and the
number of stations at which each occurred

Total catch Percentage No. of

(kg) composition stations

Smooth oreo 119 258 81.2 138
Black oreo 12 206 83 115
Orange roughy 4 099 2.8 80
Shovelnosed dogfish 2 248 1.5 58
Baxter’s lantern dogfish 1761 1.2 141
Johnson’s cod 915 0.6 117
Hoki 668 0.5 52
Bigscaled brown slickhead 609 0.4 59
Black javelinfish 552 0.4 77
Smallscaled brown slickhead 508 0.3 86
All other species 3 956 2.7 -

All species 146 780 154



Table 3: Catch, percentage of total catch, and mean catch rates of black oreo (BOE), smooth oreo (SSO),
and orange roughy (ORH) by stratum and subarea

Catch (kg)
Straum  BOE SSO ORH
Subarea 1
1 747 1 0
2 1902 3 931 0
3 202 52 0
4 39 27 0
5 7 6 0
Subtotal 2 897 4017 0
Subarea 2
6 2115 7 0
7 818 49 1
8 88 101 1
9 0 3 0
Subtotal 3 021 160 2
Subarea 3
11 826 62 0
12 1317 2110 3
13 1700 17 139 22
14 30 4 412 46
Subtotal 3 873 23 723 71
Subarea 4
16 1028 8 0
17 1103 9 093 70
18 174 7270 154
19 43 6 759 180
20 53 59407 1977
21 0 3 0
Subtotal 2 401 82540 2381
Subarea 5
22 0 0 9
23 1 503 27
24 6 4682 1473
25 4 1 093 60
26 3 2 501 59
27 0 39 17
Subtotal 14 8818 1645
Total 12206 119258 4099

All species

1001
6 260
624
446
101
8 432

2 436
1116
496
127
4175

1053
3705
19 439
4713
28 910

1262
10 827
8 400
7 602
63 357
91

91 539

491

1 468

7013

1 661

2944

147

13 724

146 780

% of total catch

Mean catch rate (kg.km'l)

BOE

74.6
30.4
324
8.7
6.9
344

86.8
733
17.7

0.0
72.4

78.4
35.5
8.7
0.6
13.4

81.5
10.2
2.1
0.6
0.1
0.0
2.6

0.0
0.1
0.1
0.2
0.1
0.0
0.1

8.3

SSO ORH
0.1 0.0
62.8 0.0
83 0.0
6.1 0.0
59 0.0
47.6 0.0
0.3 0.0
4.4 0.1
204 0.2
24 0.0
3.8 0.0
5.9 0.0
57.0 0.1
88.2 0.1
93.6 1.0
82.1 0.2
0.6 0.0
84.0 0.6
86.5 1.8
88.9 24
93.8 3.1
33 0.0
90.2 2.6
0.0 1.8
343 1.8
66.8 21.0
65.8 3.6
85.0 20
265 116
643 120

81.2 2.8

BOE

274
273
38
6

3

807
187
35

308
296
217

10

402
169
27

SSO

<05
555
10

4

2

23
477

2 298
1 538

1342
1 494

723
2 634

140

1 364
359
792
12

ORH

[N e NeNe Nl

< 0.5
<05

H W= O

11
20
20
87

523
19
24



Table 4: Biomass estimates (for fish of all lengths) for all quota species and commercially important

non-quota species*

Biomass (t)

Smooth oreo 217 455
Black oreo 82 500
Hoki 5751
Orange roughy 4 863
Shovelnosed dogfish 4 382
Pale ghost shark 2011
Ling 509
Ribaldo 320
Hake 151
Total 341 243

c.v.(%)

25.7
28.8
30.5
379
16.5
15.3
41.2
37.4
54.7

18.3

*  The total biomass was calculated using the "Biopc" program held on the main computer at Greta Point. The vulnerability
value used in the calculation was restricted to two decimal points, i.e., 0.24 was used rather than the 0.239 which was used

for the rest of the biomass calculations.

Table 5: Catch and biomass of hoki (all lengths) from catches taken between 0451 and 1813 hours NZST

Depth (m) Catch (kg)
600-800 299.3
800-1000 64.8
1000-1200 0.8

Biomass (t)

4226
406

No. of stations

c.v. (%) where caught
63.0 12
321 33
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Table 7: Biomass estimates for black oreo (BOE), smooth oreo (SSO), and orange roughy (ORH) of all lengths

by subarea

Area % Biomass (1) % of biomass
Subarea (km?) of area BOE SSO ORH BOE SSO ORH
1 10 148 17.9 13 128 8 432 0 159 39 0.0
2 9217 16.2 32 594 735 6 39.5 03 0.1
3 9152 16.1 17 223 67 993 309 20.9 313 6.4
4 23117 407 19 541 129 903 2757 23.7 59.7 56.7
5 5207 9.2 17 10 391 1 791 0.0 4.8 36.8
Total 56 841 100 82 500 217 455 4 863

Table 8: Biomass estimates for black oreo (BOE), smooth oreo (SSO), and orange roughy (ORH) of all lengths

by depth

Depth Area Biomass (t) % of biomass
interval (km?) BOE SSO ORH BOE SSO ORH
600-800 17 190 61 967 976 38 75.1 04 0.8
800-900 8 820 15 635 48 564 302 19.0 22.3 6.2
900-1000 6 877 4 452 67 292 1 850 54 30.9 38.0
1000-1100 8 231 347 44 949 761 0.4 20.7 15.6
1100-1200 4 968 102 55 412 1819 0.1 25.5 37.4
1200-1500 10 755 0 261 93 0.0 0.1 1.9
All depths 56 841 82 500 217 455 4 863

Table 9: Numbers of length and sex and "biological" (i.e., up to 20 fish per station) samples taken during the

survey

Length & sex Biological Otoliths
Black oreo 8 494 1383 yes
Smooth oreo 9 426 1528 yes
Orange roughy 1744 850 yes
Hoki 27 0 no
Hake 3 3 no

Table 10: Length-weight relationships for oreos and orange roughy*

Weight Length
range (g) range (cm) a b r n
Black oreo 180-1 480 22.0-40.8 0.012 3.16 93.0 1382
Smooth oreo 100-2 570 16.1-50.8 0.026 293 98.6 1528
Orange roughy 47-2 325 10.4-43.0 0.063 2.81 98.8 850

* W = q.Lb. Lengths are total length for oreos and standard length for orange roughy.



Table 11: Relative proportions of gonad stages of the three main species

Black oreo Smooth oreo Orange roughy
Gonad stage Male % Female % Male % Female % Male % Female %
1 406 61.0 266 37.1 390 48.6 451 62.5 208 57.8 106 22.1
2 155 233 236 32.8 102 12.7 177 245 133 36.9 370 77.2
3 102 153 106 14.8 254 31.7 50 6.9 19 53 1 02
4 2 03 94 13.1 55 69 36 5.0
5 1 02 2 03 1 0.1 8 1.1
6 13 1.8 2 04
All 666 100.0 717 100.0 802 100.0 722 100.0 360 100.0 479 100.0
Table 12: Percentage of gonads at each stage by species by depth range from the total survey area
Black oreo
Males Females
Depth range (m) 1 2 3 4 5 n 1 2 3 4 5 6 n
600-800 - 533 287 172 0.8 122 302 415 113 94 7.5 106
800-900 59.2 239 16.8 238 267 378 170 163 03 1.7 288
900-1000 579 244 168 05 05 197 480 240 140 135 03 200
1000-1100 80.2 148 49 81 506 368 115 1.1 87
1100-1200 75.0 10.7 143 28 472 83 195 250 36
1200-1500 0 0
Total n 406 155 102 2 1 666 266 236 106 94 2 13 717
Smooth oreo
Males Females
Depth range (m) 1 2 3 4 5 n 1 2 3 4 5 6 n
600-800 65.6 3.1 313 32 657 200 86 5.7 35
800-900 69.5 6.1 213 3.0 164 781 90 77 32 19 155
900-1000 373 135 398 94 244 571 258 93 7.1 0S5 182
1000-1100 528 148 218 99 0.7 142 656 203 7.8 55 08 128
1100-1200 43.1 16.7 343 59 204 548 362 38 38 14 210
1200-1500 63 18.8 68.8 6.3 16 33.3 583 83 12
Total n 390 102 254 55 1 802 451 177 50 36 8 0o 722
Orange roughy
Males Females
Depth range (m) 1 2 5 n 1 2 3 4* S5* 6 n
600-800 66.7 333 3 100.0 4
800-900 98.0 2.0 51 707 29.3 41
900-1000 75.5 204 4.1 98 31.8 66.4 0.9 09 107
1000-1100 494 376 129 85 176 784 120
1100-1200 336 63.7 27 113 102 879 0.5 203
1200-1500 20.0 80.0 10 100.0 4
Total n 208 133 19 360 106 370 1 0 0 2 479

* 10 gonads initially staged 4 or 5 have been changed to atretic, stage 7.



Table 13: Percentage of gonads at each stage by species by subarea

Black oreo

Males » Females
Subarea 1 2 3 4 5 n 1 2 3 4 5 6 n
1 76.5 183 5.2 213 505 40.7 8.2 0.5 182
2 554 9.6 33.7 1.2 83 450 193 83 21.1 6.4 109
3 47.7 356 16.7 174 249 335 254 145 1.2 0.6 173
4 56.0 250 185 05 184 30.5 337 154 187 1.6 246
5 91.7 8.3 12 100.0 7
Total n 406 155 102 2 1 666 266 236 106 94 2 13 717
Smooth oreo

Males Females
Subarea 1 2 3 4 5 n 1 2 3 4 5 6 n
1 472 167 333 28 108 77.1 133 9.6 83
2 41.2 559 29 34 512 293 73 122 41
3 413 135 365 8.7 126 496 273 173 53 133
4 460 139 323 1738 396 61.8 273 39 55 1.5 330
5 659 8.7 18.1 65 07 138 71.1 200 22 44 22 135
Total n 390 102 254 55 1 802 451 177 50 36 8 0 722
Orange roughy

Males Females
Subarea 1 2 5 n 1 2 3 4% 5% 6 n
1 0 0
2 100.0 1 100.0 1
3 50.0 30.0 20.0 20 32 935 30
4 515 416 7.0 200 16.4 805 03 0.3 310
5 683 309 0.7 139 37.4 61.2 0.7 138
Total n 208 133 19 360 106 370 1 0 0 2 479

* 10 gonads initially staged 4 or 5 have been changed to atretic, stage 7.



Table 14: Summary of the similarities and differences between the four south Chatham Rise stratified random
trawl surveys*

Vessel

Length (m)
Tonnage (t)
Power (kW)
Navigation

Net type
Groundrope (m)
Doorspread (m)
Wingspread (m)
Headline hgt (m)
Codend mesh (mm)
Dates

Survey area (km?)
Subareas

Depths (m)

Strata

No. of stations

wn ++ —+ *

Arrow
(1986)

57

549

1342

Sat. nav.

6 panel wingless
18.7

Unknown, 86.7
Unknown, 19.8
7.0

100

31 Oct.-7 Dec.
47 137

1-4

600-1200

1-20

187

Amaltal Explorer
(1987)

65

1000

2013

GPS(18 h/day)
6 panel wingless
22.4

Unknown, 87 1
Unknown, 19.7
7.0

100

3-30 Nov.

47 496

14

600-1200

1-20

192

Cordella
(1990)

76

1238

2610

GPS(23 h/day)
6 panel wingless
20.8

Unknown, 117 ¢
Unknown, 28 {
8.9

100

30 Oct.-30 Nov.
61 567

1-5

600-1500

1-9, 11-14, 16-27
189

GPS, Global Positioning System; hgt, height; sat. nav., satellite navigation system.
Distances are assumed from tests of a model trawl in a flume tank.
Assumed from gear trials of Tangaroa net.

Mean of the value measured during trawling.

Tangaroa
(1991)

70

2282

3000

GPS(24 h/day)
6 panel wingless
22.4

117§

28 %

6.9

100

11 Oct.-9 Nov.
61 567

1-5

600-1500

1-9, 11-14, 16-27
154
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Figure 2: Catch rates (kgkm™?) of black oreo.
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Figure 4: Catch rates (kgkm™!) of orange roughy.
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Figure 5: Distribution of scaled black oreo, smooth oreo, and orange roughy length samples for the entire

survey area.
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Appendix 1: Gear specifications for survey TAN9104.

Trawl doors: type WV-doors, 6.1 m?, 2300 kg (in air)

Trawl warp diameter: 24 mm

Net type: 6 panel wingless trawl used for orange roughy surveys. Codend mesh 100 mm. See plan in Clark & Tracey
(1994)

Ground rope length: 22.4 m

Ground rope construction: 10 steel (diameter 0.6 m) with 9 alternating rubber bobbins (diameter 0.6 m)

Bridle length: 50 m

Sweep length: 50 m

Total length from lower wing end to door: approximately 122 m (includes sweep, bridles, plus 11.8 m ground chain
and estimated backstrop horizontal distance of 10 m)

Headline length: 38.2 m

Distance between the wings of the net: is assumed to be 28 m (from gear trial results)

Flotation: a total of 20 x 1500 m and 28 x 2000 m floats were used.

Summary of measurements from net monitor (1) and Scanmar net telemetry gear (%)
Range (m) Mean (m) Median (m) No. of tows

Headline height 5.0-11.0 6.9 6.7 154
Distance between doors i 103-128 117 117 146

Note: During each station a range of values was noted when possible for the headline height and the distance between
the doors. The value recorded for that station was the one that was considered to have been in effect for most of the
distance towed.

Appendix 2: Conversion factor (C.F.) and block weight measurements used to back-calculate large catches*,

Conversion factor

Station Green weight Headed and gutted CF.
Smooth oreo
41 216.3 97.5 222
43 231.7 104.3 2.22
49 147.7 66.0 224
72 240.6 106.1 2.27
75 263.0 96.2 2.73
76 247.4 104.0 2.38
76 228.1 94.4 242
92 180.3 75.8 2.38
103 196.5 76.8 2.56
115 148.3 53.7 2.76

Orange roughy
95 206.9 87.1 2.37

Frozen block weights

Station No. of blocks Total weight Mean block weight
Smooth oreo
41 10 123.0 12.3

*  All weights were measured on a Seaway weigher. Green weight is the weight before processing; Headed and gutted is the weight
after processing; C.F. is the conversion factor calculated by dividing the green weight by the headed and gutted weight.



Appendix 3: Black oreo, smooth oreo, and orange roughy gonad stages used during the survey

Stage
Females
1

2

Males

(from Pankhurst et al. 1987).

Macroscopic condition

Immature or regressed;
ovary clear.

‘Ovary pink or clear;

small clear oocytes
visible against the light.
Opaque white (oreos) or
orange (orange roughy)
oocytes present.

Mature ovary;

hyaline oocytes present.

Ovulated; eggs flow freely
when light pressure applied
to abdomen.

Spent; ovary flaccid and
"bloody"; residual eggs

sometimes present in oviduct.

Immature or regressed;
testis threadlike.

Testis increased in size
but no milt expressible
Partially spermiated;
viscous milt expressible.
Fully spermiated; hydrated,
freely flowing milt.

Spent; testis '"bloody" or
grey; no milt expressible.

Histological condition

Previtellogenic oocytes only.

Endogenous vitellogenesis
(yolk globule accumulation).

Exogenous vitellogenesis
(yolk granule accumulation).

Final oocyte maturation; nuclear
migration and breakdown; coalescence of
yolk material and oil droplet formation.
Follicular separation and rupture.

Post-ovulatory follicles, increased
vascularization, follicular atresia.

Spermatogonia and primary
spermatocytes predominate.

Secondary spermatocytes and spermatids
present, spermatozoa in larger gonads.
Spermatozoa predominate.

Spermatozoa predominate.

Residual spermatozoa, spermatogonia
present towards testis margin.
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Appendix 5: Catch (kg) of black oreo, smooth oreo, and orange roughy at each station.

Station Black oreo Smooth oreo Orange roughy
1 110.9 0.0 0.0
2 8.1 3.5 0.0
3 6.8 1.9 0.0
4 1.0 1.4 0.0
5 1.1 3.6 0.0
6 24 2.8 0.0
7 3.9 0.8 0.0
8 1.1 0.0 0.0
9 468.3 1.7 0.0

10 833.5 3 8873 0.0
11 50.9 12.1 0.0
12 2.0 0.0 0.0
13 3323 239 0.0
14 6.1 32 0.0
15 3.6 29 0.0
16 0.0 3.7 0.0
17 27.7 12.7 0.0
18 174.5 3.3 0.0
19 25.3 0.9 0.0
20 22.4 03 0.0
21 248.6 12 0.0
22 387.4 0.0 0.0
23 18.3 1.1 0.0
24 19.9 1.9 0.0
25 111.2 27.4 0.0
26 16.6 11.4 0.0
27 0.5 0.0 0.0
28 4.2 3.5 0.0
29 8.4 34 0.0
30 0.4 0.8 0.0
31 53 1.1 0.0
32 1.8 5.8 4.0
33 22.4 7.8 333
34 42 1.0 33
35 78.1 53 0.0
36 122.1 15.9 0.0
37 2113 0.0 0.0
38 53.6 1.2 0.0
39 375 2 461.7 0.0
40 361.5 7.6 0.0
41 25.7 5341.0 1.9
42 13 4397.8 52
43 69.9 47929 2.7
44 244 89 0.0
45 18.0 21.6 8.7
46 799.5 20872 32
47 492.6 45.8 0.0
48 945.5 75 0.0
49 896.7 4 503.5 1.3
50 184.6 0.0 0.0
51 12.7 34 4.7
52 21.0 6.4 0.0
53 155.7 25 0.0
54 15.3 1.0 42
55 0.0 1.1 0.0
56 43 29 2.8
57 119.0 49 0.0



Station

58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114

Black oreo

120.6
19.3
41.5
10.8

1.3
0.0
0.6
1.2
0.0
0.3
0.0
83
0.0
0.4
89.3
20.4
41.2

384.4

18.8
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.3
0.0
0.3
0.0
0.8
1.2
0.5
0.4
0.8
0.8
0.0
0.0
0.3
4.4
34
0.0
5.4
34
3.1
3.7

12.9
1.4
1.1
9.5
0.4
1.5
0.3
0.0
0.0

Smooth oreo

59.5
0.2

0.0

1.4
156.7
1.0

59

1.7

0.6
93.6
3.0
12.2
8.5
11.0

6 065.3
2 6219
0.0

6 398.2
24 790.5
5.3

24

2.6

2.6

0.1

1.9

0.0

23

0.0

8.4

0.0

1.4

0.9

1.8
58.1
24359
312.7

1 480.9
2 4543
34.1
0.0
500.5
736.6
774.9

1 803.1
743.4
4 286.6
197.7
1998.3
32359
136.6
244
329.1
1372.6
12.8
6278.4
11.3
28.9

Orange roughy

03
0.0
0.0
2.8
15.3
0.0
7.1
15.9
0.0
17.6
34.2
29.5
17.6
18.6
N
0.0
0.0
69.5
1 407.8
16.3
5.8
8.0
23.1
9.0
11.6
0.0
14.3
2.7
10.5
10.7
53
59
16.0
19.1
7.9
15.4
10.9
1 431.6
0.0
0.0
4.7
8.3
7.5
47.2
315
322
59
39.3
43.1
6.2
61.2
87.1
18.8
28.0
10.7
345
107.5



Station Black oreo Smooth oreo Orange roughy

115 0.0 55425 5.8
116 0.0 418.6 S1.5
117 0.9 9.6 27.0
118 1.3 5.5 48.8
119 0.0 52 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>