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EXECUTIVE SUMMARY 

Anderson, O.F. (2001). A summary of biological information on the New Zealand fisheries for 
orange roughy (Hoplostethus atlanticus) for the 1999-2000 fishing year. 

New Zealand Fkherjes Assessment Report 2001/45.24 p. 

1. Size and reproductive data on orange roughy collected by observers on New Zealand fishing 
vessels from 65 1 tows both inside and outside the New Zealand Exclusive Economic Zone during the 
1999-2000 fishing year were examined and surnrnarised by fishery. Biological data collected during 
research surveys in the western Bay of Plenty and the eastern Chatham Rise were also summarised. 

.2. There has been a 120% increase in observer sampling over the last two years, and although 
some fisheries have received intensive coverage (especially ORH l), other historically productive 
fisheries (e.g., the Chatharn Rise Spawning Box, ORH 2A (North and South), and Louisville Ridge) 
were not well covered. 

3. Size frequency distributions were typically unimodal in most areas, but mean lengths 
calculated from the samples varied widely, ranging from 24.3 to 45.3 cm for males and 25.0 to 47.2 
cm for females. Fish from northern parts of ORH 1 were particularly large (up to 56 cm S.L.), and 
fish sampled from the Cook Canyon showed a great range in size, but mean lengths were small. The 
size distribution derived from trawl survey data indicated slightly smaller fish than from observer 
data in the Mercury-Colville (ORH 1) spawning period. 

4. Sex ratios indicated a dominance of males in most fisheries within ORH I, as was seen in 
observer data collected in the previous fishing year, but elsewhere ratios were generally close to even. 

5. Reproductive data showed the expected seasonal patterns with spawning activity occurring 
mostly in June and July. For the Mercury-Colville Box, White Island Hills, Alderman Knoll, and 
Northwest Challenger fisheries the spawning season was well described by the data. Spawning 
appeared to peak at very similar dates in all these areas. 



1. INTRODUCTION 

This report documents the results of objective 4 of MFish project ORH2000102 "Orange roughy stock 
assessment", and objective 3 of MFish project ORH2000103 "Stock assessment of orange roughy 
fisheries outside the New Zealand EEZ" which both state: 

'To analyse length frequency, sex ratio, and reproductive data for orange roughy collected by the 
Scientific Observer Programme (SOP) and from other sources during the 199912000 fishing year for 
input into stock assessment models." 

Biological data collected by observers can be important inputs to stock assessment. This is especially 
true for areas where there are no independent estimates of biological parameters, such as age at 
recruitment or age at maturity, or changes in population size structure over time, available from 
research surveys (e.g., Clark & Tilzey 1996, Hilborn et al. 2000a, 2000b). These parameters can be 
derived from observer-collected size and reproductive stage information where data meet certain 
requirements that minimise any bias associated with commercial fishing operations, such as non- 
random sample selection or lack of comparability (Francis & Tracey 2000). Reproductive stage data 
collected by observers are also important for examining trends, such as changes in timing and 
location of spawning activity (e.g., Smith et al. 2001). Changes in mean length over time can 
sometimes help to identify areas of heavy exploitation and provide clues to recruitment patterns 
(Francis & Smith 1995). Sex ratio information can be used to determine a selectivity bias in the 
fishery (Francis 1996). 

Summaries of biological data collected during research trawl surveys are made, but most length and 
gonad stage data presented come from the SOP. Observer data were available from most of the 
orange roughy fisheries in the New Zealand region. This report presents summaries of orange roughy 
size and reproductive state data collected from fisheries located throughout the New Zealand 
Exclusive Economic Zone (EEZ), and from several fisheries outside the EEZ, between 1 October 
1999 and 30 September 2000. 

2. DATA SOURCES 

Orange roughy biological data were collected by SOP observers hosted aboard commercial fishing 
vessels. Observers took measurements from random samples of about 100 fish per trawl, from up to 
eight trawls a day. The standard length (SL) and sex of these fish, and reproductive condition of 
female fish, were recorded along with the weight of the sample and of the entire orange roughy catch. 
These data are managed by staff at NIWA, Greta Point, and held on the Empress obs-lfs database 
(Sanders & Mackay 1999). Catch effort data from the commercial fishery were also used to illustrate 
the observer coverage by comparing catch totals from observed tows with the total recorded catch in 
each fishery. These data came from extracts from MFish databases held on the Empress database 
dw-cdb at NIWA, Greta Point. 

Orange roughy biological data were also collected through a second, industry managed, observer 
programme which has in the past concentrated on area ORH 3B. These data have in the past been 
summarised separately (e.g., Langley 1999). 

Scientific observers from Australia were also present on Australian vessels fishing for orange roughy 
on the South Tasman Rise during 2000. These observers collected length and maturity data from a 
large number of trawls before and during the spawning period. Although these data could not be 
included in this report, a summary of them was prepared for the Australian Fisheries Management 
Authority (G. Diver (AFMA), unpublished data) and made available to NZWA. 



Biological data from a research survey of orange roughy on the northeast and east Chatham Rise in 
July 2000 (SWA0001) are also presented. These data are held at NIWA, Greta Point, on the Empress 
trawl database (Mackay 2000). A trawl survey of orange roughy was carried out in the Bay of Plenty 
in June 2000. Biological data from this survey were examined in a separate report (Clark et al. 2001) 
and are only summarised here. 

3. METHODS 

The SOP records and manages data according to broad areas based on Fisheries Management Areas 
(Figure 1). For this summary, data were arranged by Quota Management Area (QMA) or by 
recognised fisheries within each QMA where there were sufficient data to produce meaningful size 
frequencies, and by recognised fisheries outside the EEZ (see Figures 2 and 3). 

Data were error checked before being added to the databases, and again before any analyses were 
begun. Tow positions were plotted to identify any outliers or impossible tow sequences caused by 
rnisrecording of position, and length and catch data were checked for irregularities. 

3.1 Size structure 

Size distributions from observer data for each fishery were prepared where at least four tows were 
sampled and more than 300 fish measured. Samples were combined where they were entirely outside, 
or entirely within, the period June-August inclusive to approximate non-spawning season and 
spawning season sampling respectively. Distributions labelled "pre-spawning" include all length data 
collected since the beginning of the fishing year, i.e., "pre-spawning" means pre-1999 spawning. Size 
frequencies were scaled according to the fraction of the catch sampled for that tow to give greater 
influence to larger catches. Occasionally sample weight was not recorded and it was then estimated 
by applying a length-weight function to the size frequency from the sample. Sex ratios (percentage 
male) and mean lengths (with standard deviations) were calculated from the scaled data. 

Research size-frequency data are of interest as they tend to be derived from fish caught by stratified 
random trawls, and therefore give a more statistically reliable picture of the size structure in an area. 
In the Chatham Rise trawl survey, three sub-surveys or "snapshots" were carried out over three areas: 
the Spawning Box (including Mt Muck), the Andes hill complex, and the Northeast Hills. Acoustic 
transects over each hill were followed by trawls for mark identification and species mix. Size 
frequency plots were prepared for each of these areas combining data from all snapshots. Length data 
were scaled by the catch weight of orange roughy in each trawl. Size frequency data from the Bay of 
Plenty trawl survey were similarly scaled by the catch weight of orange roughy and also by the 
calculated biomass on each hill. Data from this survey are discussed but not shown here. 

3.2 Reproduction 

Due to difficulties in interpretation of the macroscopic stages of male orange roughy, observers 
examined only gonads from female fish. These were checked for reproductive state and assigned to 
one of the following (macroscopic) categories. 

F1 Immature to early maturation 
F2 Maturing 
F3 Ripe 
F4 Running ripe 
F5 Spent 



These categories are different from the eight categories used for orange roughy by NTWA research 
staff. 

The reproductive states of female fish were examined to determine where and when spawning 
activity was occurring. Where time series data through the spawning period were available, plots 
were created to examine the progression of spawning with a curve ("Lowess", Cleveland 1985) fitted 
to the data points. Gonad stage data from the Bay of Plenty trawl survey covers fully the spawning 
period in the survey area and a brief summary is presented. Reproductive data from the Chatham Rise 
survey were not sufficient to show fully the progression of spawning graphically, but location and 
timing of spawning activity is discussed. 

4. RESULTS 

4.1 Distribution of samples 

Observers examined 65 1 samples collected during 40 voyages with the number of samples per voyage 
ranging between 1 and 55 (average 16). The number of samples is less than expected in some areas, 
ORH 3B (south of 46" S), ORH 2A North, and ORH 7A in particular. In other areas the number of 
samples collected is greater than expected, especially ORH 1 (10 times the expected number). 
Overall, the number of observer samples has increased by about 60% over the previous year, and by 
about 120% over the 1997-98 fishing year (see Table 1 and Anderson 1999). A summary of expected 
and actual sample numbers by fishery is presented in Table 1. 

Monthly totals arranged by SOP area, ORH 3B fisheries, ORH 1 fisheries, and other fisheries are 
shown in Table 2. Most samples in ORH 3B were from before the spawning season and no samples 
were taken in this area from the spawning months. Sampling was well spread throughout the year in 
ORH 1, particularly in October and November and March to June. Coverage in other areas was 
mostly pre-spawning, although the Northwest Challenger and South Tasman Rise fisheries were well 
sampled from March onwards and received more sampling effort overall than any other area. 

The positions of tows from which samples were collected are shown in Figures 2 and 3. These figures 
also show the positions of all tows that caught orange roughy in the 1999-2000 fishing year, 
according to TCEPR returns. There was very good coverage over the range of fisheries in ORH 1, 
including the developing fisheries in the north and west. Samples were well spread over the range of 
the Northwest Challenger fishery, but there was no coverage at all in the declining Challenger and 
Westpac fisheries. There were also no samples collected from the main part of the ORH 2A North 
fishery, but in ORH 2A South there was good coverage in both the Tolaga and Ritchie fisheries. 
There was more sampling in the Cook Canyon fishery than in recent years. On the Chatham Rise, the 
Northwest Rise area had the best coverage with a good spread of samples from fishing to the west of 
the Graveyard Hills (located at about 180°), coverage was moderate on the south and east Rise, and 
poor in the Spawning Box. There was limited coverage in ORH 3A (five samples) and ORH2B 
(seven samples). South of 46' S in ORH 3B, despite little fishing activity for orange roughy, one or 
two samples were collected from most of the recognised fisheries. The moratorium on fishing in the 
Puysegur Bank area continued although one sample was collected. Of the other fisheries outside the 
EEZ, the South Tasman Rise (not shown) was well sampled by observers, but the Louisville Ridge 
received no observer coverage. TCEPR records show that there were about 250 tows on the 
Loiusville Ridge during the year, which is a sharp reduction in effort from 1998-99 (nearly 1000 
tows). 

Sample weight totals, observed catch totals, and total catch are surnmarised by fishery to provide a 
quantitative measure of the proportion of each fishery covered by observers (Table 3). This confirms 
the good coverage of the fisheries in ORH 1 with between 18 and 100% coverage achieved. In other 



areas there was considerable variation in observed catch totals compared with fishery catch totals. 
Only 2 t (out of about 1300 t) was sampled from the East Cape fishery (ORH 2A North), and 
although samples were collected from 28 tows in the Ritchie fishery (ORH 2A South), catch weights 
were less than 1 t on average and less than 2% of the fishery was sampled. Two areas on the Chatham 
Rise, the Spawning Box and east Rise, also recorded good catches yet were not well sampled by 
observers. In most other areas a fair percentage of the catch was sampled. 

The locations of research trawl stations in the Chatham Rise and Bay of Plenty surveys are shown in 
Figure 4. The biological data available from the Chatham Rise survey complement the observer data 
available from this area, covering gaps in both in the Spawning Box and east Rise. Data from the Bay 
of Plenty survey in the Mercury-Colville fishery cover hills not sampled by observers and provide 
additional information for Mercury Knoll. 

4.2 Size structure and sex ratios 

Length frequency distributions by sex from observer samples are given in Figure 5. Strong unimodal 
distributions by sex, typical for orange roughy size structures, were found for most areas. A few areas 
showed broad size distributions with a much less defined peak, e.g., the Cook Canyon (Figure 5s, t) 
and Lord Howe (Figure 5u) fisheries. Although this may be due to small sample sizes, a similar size 
structure was seen for Lord Howe in 1998-99 (see Anderson 2000). 

Mean lengths of fish in the Cook Canyon were comparatively small. Pre-spawning fish of both sexes 
had mean lengths of 24-25 cm, but mean length increased in samples taken during the spawning 
months, particularly for females (see Figure 5s,t and Table 4). 

The largest fish observed were in northern areas of ORH 1 where fish of both sexes were greater than 
40 cm in three areas; West Norfolk Ridge, East Northland, and Colville Ridge. Of these areas, 
Colville Ridge fish were largest with mean lengths of 45.3 cm (male) and 47.2 cm (female) and fish 
as long as 56 cm were recorded. Interestingly, fish on the Tauroa. Knoll, which is at the same latitude . 

and located between these fisheries, were of only average length (34.8 cm for both sexes). 

Areas where fish were slightly smaller than average included the east coast fisheries of Tolaga and 
Wairarapa, and the East and Southeast Chatharn Rise. 

For the Mercury-Colville, White Island, Cook Canyon, Northwest Challenger, and South Tasman 
Rise fisheries, data were sufficient to prepare separate size frequencies for spawning and non- 
spawning periods. Fish of both sexes in Mercury-Colville and Cook Canyon had greater mean lengths 
during the spawning months than beforehand, as may be expected due to a greater proportion of 
mature fish likely in aggregations targeted during spawning. However, there was no increase in mean 
fish length during spawning months in the other three areas. Data from Australian observers in the 
South Tasman Rise support this observation with modal lengths of 36-37 cm for males and 37-40 cm 
for females remaining stable throughout the March to August period (G. Diver, unpublished data). 

Sex ratios, based on scaled size frequency data, were also calculated for each area and period (see 
Table 4), and ranged. from 37.4% male (Cook Canyon spawning fish) to 92.5% male (East Northland 
spawning fish). Overall there was a bias in the sex ratios in favour of males with 18 of the 26 
fisherylarea combinations showing a higher proportion of males and only 8 a higher proportion of 
females. This bias was especially apparent in ORH 1 where 8 out of the 9 size distributions prepared 
showed a sex ratio of greater than 50% male, and ratios of over 90% male were shown for fish 
sampled during the spawning months in Mercury-Colville and East Northland. 



In the South Tasman Rise fishery .there was a bias in favour of male fish both before and during the 
winter months, although more pronounced during the winter months. Data from an Australian fishing 
industry survey in this fishery showed a bias in favour of males from samples taken in March and 
April, but even ratios in May and June (G. Diver, unpublished data). 

Additional scaled length frequency distributions are presented from the Chatham Rise research 
survey, prepared separately for the four areas surveyed; the Spawning Box T"Pume" and Mt Muck, 
the Northeast Hills, and the East Hills (Figure 6). To provide an overall picture of the size structure in 
each area of the survey, data from each of the three snapshots were combined. The distributions differ 
from the observerderived plots in that they are based on intensive sampling incorporating structured, 
random methods. Over 15 000 fish were measured from 58 tows, revealing in each case symmetrical 
and unimodal size structures with fish of average length compared with other fisheries examined. 
Mean lengths of both sexes were highest in Mt Muck and lowest in the East Hills. Sex ratios in each 
area were close to even ranging from 46.1 (Plume) to 56.4 (Northeast Hills). 

The research trawl survey in ORH 1 was the third in a time series measuring relative abundance of 
orange roughy in an area known as the Mercury-Colville Box. This area (shown in Figure 2) 
encompasses four hill features where orange roughy are caught; Mercury Knoll, Colville Knoll (north 
and south), and Ohena Knoll. Length frequencies were presented for Mercury Knoll, South Colville 
Knoll, and Ohena Knoll by Clark et al. (2001). Orange. roughy from South Colville Knoll were 
slightly larger than from Ohena or Mercury Knolls, and sex ratios on each hill were dominated by 
males, especially on Mercury (85% male) and Ohena (81% male). Length frequencies from observer 
samples collected at about the same time and constructed from all these hills combined (see Figure 
51) show mean lengths for each sex which are greater than those calculated for any of the hills 
separately from research data. However, the sex ratio calculated from the observer data (92% male) 
was similar to that calculated by Clark et al. (2001). 

4.3 Reproduction 

Spawning female orange roughy (stage 4) were found in all areas where observer samples were taken 
in June or July 2000. In ORH 1 this included Colville Ridge, White Island, Alderman Knoll, East 
Northland, Mercury-Colville Box, and South Kennadec Ridge. Spawning roughy were also sampled 
from the Northwest Challenger, Lord Howe, and South Tasman Rise fisheries in the Tasman Sea. 

Good observer coverage throughout the spawning period was achieved in a few areas, and gonad 
stage data from these fisheries are presented as time series plots of fractions of spawning female fish 
(Figure 6). The point at which 20% of fish were spent was estimated from the plots where possible 
and used as a reference point approximating the timing of the onset of spawning (after Pankhurst 
1988). 

In the Alderman Knoll fishery there were two weeks of observer sampling through the early stages of 
the spawning period, which indicated that the onset of spawning occurred at about 21-22 June. Four 
weeks of coverage on the White Island Hills ended on 23 June, just before the onset of spawning in 
that area. Spent fish made up about 10% of the females in the samples at this point, indicating that the 
onset of spawning would have taken place close to the end of June. Outside the EEZ, continuous 
observer coverage was achieved in the Northwest Challenger fishery from 15 May to 26 June. The 
proportion of spent fish gradually increased in the samples after the beginning of June, reaching the 
20% reference point at the very end of the period covered, i.e. 26 June. This is several days later than 
indicated from 1999 observer data. 



The progression of spawning on Mercury Knoll was well described for both sexes from data collected 
on the June trawl survey, as shown by Clark et al. (2001). Spent fish began to appear in the samples 
at about 15 June and the onset of spawning (20% spent) occurred at about 23 June for female fish and 
about 2&21 June for male fish. Male fish in particular showed a very smooth progression of 
spawning stage. This timing is consistent with that shown from observer data from 1997 and 1999 
(Anderson et al. 1998, Anderson 2000) and from trawl survey data from 1998 (Clark & Anderson 
1999). 

Coverage was more patchy on the other hills trawled during the survey, but the data show a similar 
timing of spawning on. Ohena Knoll to that of Mercury (for both sexes), and suggest a slightly later 
onset of spawning on the Colville Knolls, probably nearer the end of June. 

Spawning in the South Tasman Rise fishery appeared to be later than in other New Zealand fisheries, 
taking place in late July to early August (G. Diver, unpublished data). Limited data from New 
Zealand observers collected in August 1998 supports this timing (Anderson 1999). 

Reproductive data gathered during the Chatham Rise research survey were not sufficient to describe 
in detail the timing of the spawning season there, but the onset of spawning probably occurred at 
about 15 July in the Spawning Box, a timing consistent with previous years (see e.g., Anderson & 
Fenaughty 1996). 

5. SUMMARY 

Observer coverage. Continuing the trend of recent years there was a substantial increase in the 
number of samples of orange roughy examined compared with previous years. This increase was 
spread over several fisheries, in particular ORH 1, the Chatham Rise (ORH 3B), and, outside the New 
Zealand EEZ, the Lord HoweMW Challenger and South Tasman Rise fisheries. A massive increase 
in sampling of the fisheries in ORH 1, from which were collected nearly twice the number of samples 
of the next most sampled area (Chatham Rise), is out of proportion to the size of the fishery in that 
QMA. This fishery currently partly operates under an exploratory special permit, which requires 
vessels to more regularly carry an observer on board. Coverage improved in ORH 3B, especially on 
the Chatham Rise, but the number of samples remained well below that expected from both the 
Chatharn Rise and from the area south of 46' S. Coverage was particularly poor in ORH 2A North 
and on the Louisville Ridge. 

Research coverage. The quantity of biological data obtained from research surveys was at a similar 
level to recent years, with two trawl surveys run during the winter spawning period in two widely 
separated regions. Data from these surveys complemented that obtained by observers by covering 
selected areas intensively, using a more structured approach to sampling, and providing additional 
information on reproductive condition of fish of both sexes. 

Size structure. Size structure was examined in 20 fisheries, a small increase over last year. Sampling 
was intense in some areas, with up to 58 samples and 5425 fish measured (Northwest Chatham Rise). 
Mean lengths, calculated from scaled size frequencies, varied widely between areas. The highest 
mean lengths, found in the Colville Ridge area, were about 78% (males) and 55% (females) greater 
than the smallest mean lengths, found in Cook Canyon, at a similar time of year. An increase in fish 
mean length in samples collected during the spawning months over those collected from before, or 
after, this period was apparent in some fisheries but not others. Sex ratios favoured males heavily in 
most fisheries within ORH 1, as was seen in observer data collected in the previous fishing year, but 
elsewhere ratios were closer to even. 



Reproduction. Gonad stage data sufficient for tracking the progress of spawning in the winter of 
2000 were available from four separate fisheries. The timing of inid-spawning in each of these areas 
was very similar, with estimates ranging from 20 to 26 June, and may be due partly to the similar 
latitudes of these fisheries. Timing of spawning in each area was generally consistent with that of 
previous years, where known. 

7. REFERENCES 

Anderson, O.F. (1999). A summary of biological information on the New Zealand fisheries for 
orange roughy (Hoplostethus atlanticus) for the 1997-98 fishing year. New Zealand Fisheries 
Assessment Research Document 99/22. 25 p. (Unpublished report held in NWA library, 
Wellington.) 

Anderson, O.F. (2000). A summary of biological information on the New Zealand fisheries for 
orange roughy (Hoplostethus atlanticus) for the 1998-99 fishing year. New Zealand Fisheries 
Assessment Report 2000/14. 24 p. 

Anderson, O.F.; Fenaughty, J.M. (1996). Trawl surveys of orange roughy on the Chatham Rise, 
1984-92. New Zealand Fisheries Data Report 81. 116 p. 

Anderson, O.F.; Tracey, D.M.; Clark, M.R; (1998). A summary of biological information on the New 
Zealand fisheries for orange roughy (Hoplostethus atlanticus) for the 1996-97 fishing year. New 
Zealand Fisheries Assessment Research Document 98/18. 25 p. (Unpublished report held in 
NlWA library, Wellington.) 

Clark, M.R.; Tilzey, R. (1996). A summary of stock assessment information for orange roughy 
fisheries on the Lord Howe Rise: 1996. Bureau of Resource Sciences, Canberra. 23 p. 

Clark, M.R.; Anderson, O.F. (1999). Trawl survey of orange roughy in the western Bay of Plenty, 
June 1998 (SMT.9801). NIWA Technical Report 50.25 p. 

Clark, M.R.; Anderson, O.F.; Francis, R.I.C.C. (2001). Distribution, abundance, and biology of 
orange roughy in the western Bay of Plenty: results of a trawl survey, June 2000 (SMTOOOl), and 
stock assessment of the Mercury-Colville fishery (ORH 1). Deepwater Fishery Assessment 
Working Group Document 01/13. (Unpublished report held by the Ministry of Fisheries, 
Wellington.) 

Cleveland, W.S. (1985). The elements of graphing data. Wadsworth Advanced Books and Software, 
Monterey, California. 

Francis, R.I.C.C. (1996). Orange roughy sex ratios and catchrate distributions in the Chatham Rise 
Spawning Box. New Zealand Fisheries Assessment Research Document 96/13. 27 p. 
(Unpublished report held in NIWA library, Wellington.) 

Francis, R.I.C.C.; Smith, D.C. (1995). Mean length, age, and otolith weight as potential indicators of 
biomass depletion for Chatham Rise orange roughy. New Zealand Fisheries Assessment Research 
Document 9513. 8 p. (Unpublished report held in NIWA library, Wellington.) 

Francis, R.I.C.C.; Tracey, D.M. (2000). Use of biological data in orange roughy stock assessments. 
New Zealand Fisheries Assessment Report 2000/42.30 p. 

Hilborn, R.; Starr, P.J.; Ernst, B. (2000a). Stock assessment of the northeast Chatham Rise orange 
roughy. WG-Deepwater-00135. (Unpublished report held by Ministry of Fisheries, Wellington.) 

Hilborn, R.; Starr, P.J.; Emst, B. (2000b). Stock assessment of the East Cape stock (2A North) orange 
roughy. WG-Deepwater-00144. (Unpublished report held by Ministry of Fisheries, Wellington.) 

Langley, A. (1999). Summary report of biological data collected from the Exploratory Fishing Areas 
by the Orange Roughy Management Company Limited during the 1998199 fishing year. 
Deepwater Fishery Assessment Working Group Document 99/58. (Unpublished report held by the 
Ministry of Fisheries, Wellington.) 

Mackay, K. A. (2000). Database documentation: trawl. NIWA Internal Report 73. 48 p. 
(Unpublished report held in NIWA library, Wellington.) 



Pankhurst, N.W. (1988) Spawning dynamics of orange roughy, Hoplostethus atlanticus, in mid-slope 
waters of New Zealand. Environmental Biology of Fishes 2 1: 101-1 16. 

Sanders, B. M.; Mackay, K. A. (1999). Database documentation: obslfs. NIWA Internal Report 42. 
26 p. (Unpublished report held in NIWA library, Wellington.) 

Smith, P.; Robertson, S.; Horn, P.; Bull, B.; Anderson, 0.; Stanton, B. (2001). Stock relationships of 
orange roughy in New Zealand waters. (Unpublished Final Research Report for project 
DEE1999101, held by Ministry of Fisheries, Wellington.) 



Table 1: Comparison of expected and actual number of orange roughy biological samples for 1999-2000 
and actual number of 1998-99 samples processed by the Scientific Observer Programme. 

Area 
ORH 3B 

Chatham Rise 
South of 46' S 

ORH 2A 
North 
South 

ORH 2B 
ORH 3A 
ORH 7A 
ORH 1 
ORH 10 
ORH 7B 
ET 

Lord Howe/NW Challenger 
Louisville Ridge 
South Tasman Rise 

Total 

Number of samples 
~ x ~ e c t e d *  Actual Actual 

1999-2000 1999-2000 1998-99 

* ~ ~ i s h  research summary tender document figures 



Table 2: Number of observer orange roughy biological samples by month for 1999-2000, see Figures 1 to 
3 for area boundaries. 

Summary by SOP area 
Area 
AKE 
AKW 
CEE 
CET 
CHA 
HOWE 
SEC 
SOE 
SO1 
SOU 
SUB 
TMAR 
ALL 

Oct Nov 
6 13 

35 
28 
5 

2 8 
47 14 
4 1 
2 2 
2 3 

96 76 

Summary by sub-area of ORH 3B 
Spawning Box 1 
NW Rise 26 17 
East Rise 9 
SW Rise 4 
SE Rise 12 
Southland 
Snares 2 
Antipodes 1 
Auckland Is. 4 1 
Bounty Is. 
Macquarie 4 1 
Pukaki 1 
Puysegur 
ALL 56 27 

Summary by sub-area of ORH 1 
West Norfolk Ridge 
Tauroa Knoll 
East Northland 
Colville Ridge 3 
Mercury-Colville Box 1 
South Kermadec Ridge 
Alderman Knoll 
White Island 2 
ALL 6 

Summary for other areas 
East Cape 2 
Tolaga 3 
Ritchie 16 
Wairarapa 7 
ORH 3A 1 
Cook Canyon 
Lord Howe (ET) 
NW Challenger (ET) 5 
South Tasman Rise (ET) 
ALL 34 

Dec 

5 
14 

19 

15 

1 

16 

3 

3 

Jan 

13 

13 

11 

2 

13 

Feb 

6 
1 

17 

24 

17 

17 

Mar 
19 
9 

6 

7 
4 1 

Apr May 
10 28 
1 10 

12 
2 22 

9 
9 6 

10 
5 

41 2 
54 107 

Jun Jul Aug Sep 
87 6 

Total 
169 
55 
46 
95 
20 
15 
55 
80 
7 
5 

10 
94 

65 1 

Voyages 
9 
3 
4 
6 
3 
2 
8 
7 
3 
3 
4 
6 

40 



Table 3: Summary of number and weight (kg) of &mples taken by scientific observers relative to the 
observed catch (t) and estimated total catch (t) in the fuhery, 1999-2000; observed catch totals are based 
on the areas defined in Figures 2 and 3, fuhery catch totals are derived from estimated catches recorded 
on TCEPR and CELR forms and are approximate only. 

Area 

ORH 1 
West Norfolk Ridge 
Tauroa Knoll 
East Northland 
Colville Ridge 
Mercury-Colville Box 
South Kermadec Ridge 
Alderman Knoll 
White Island 
ORH 2A 
East Cape 
Tolaga 
Ritchie 
ORH 2B (Wairarapa) 
ORH 3A (Kaikoura) 
ORH 3B 
Chatharn Rise 

Spawning Box 
NW Rise 
East Rise 
SW Rise 
SE Rise 

Southern 
Southland 
Snares 
Antipodes 
Auckland Is. 
Macquarie 
Puysegur 
Bounty 
Pukaki 

ORH 7B (Cook Canyon) 
ORH ET 
Lord Howe 
NW Challenger 
South Tasman Rise 

No. tows 
sampled 

12 
42 
11 
17 
18 
6 

30 
85 

2 
7 

28 
7 
5 

1 
5 8 
9 

42 
12 

3 
2 
1 
7 
5 
1 
5 
1 

18 

15 
95 
94 

Weight of 
samples 

1 420 
2 738 
1 229 
1 649 
1 464 

818 
1491 
5 684 

11 1 
462 

2 641 
666 
175 

135 
5 767 

813 
2 561 
1215 

89 
346 
158 

1 137 
728 
101 
448 
163 
998 

1 024 
6 878 

Percentage of 
Catch fishery observed 

observed fishery 



Table 4: Summary of mean lengths and sex ratios (% male) by fishery and reproductive period, and total 
catch (t) from which length data were selected, from observer samples. 

Area Period 

NW Rise 
East Rise 
S W Rise 
SE Rise 
Auckland Is. 
Macquarie 
West Norfolk R. 
Tauroa K. 
East Northland 
Colville Ridge 
Mercury-Colville 
Mercury-Colville 
Alderman Knoll 
White I. 
White I. 
Tolaga 
Ritchie 
Wairarapa 
Cook Canyon 

pre-spawning 
pre-spawning 
pre-spawning 
pre-spawning 
pre-spawning 
pre-spawning 
pre-spawning 
pre-spawning 
spawning 
spawning 
pre-spawning 
spawning 
spawning 
pre-spawning 
spawning 
pre-spawning 
pre-spawning 
pre-spawning 
pre-spawning 

Cook Canyon spawning 
Lord Howe spawning 
NW Challenger pre-spawning 
NW Challenger spawning 
NW Challenger post-spawning 
South Tasman R. pre-spawning 
South Tasman R. spawning 

Number measured 
Male 

2 662 
359 
934 
450 
298 
216 
383 

1 250 
238 
242 
187 
389 
634 
883 

1 167 
192 
905 
234 
268 
278 
184 
992 

1 140 
940 

1 038 
840 

Female Total 

Sex ratio 
(%male) 
(scaled) 

55.7 
50.9 
51.2 
44.3 
54.1 
55.5 
51.3 
59.4 
92.5 
58.3 
63.3 
91.9 
65.1 
46.4 
68.6 
49.3 
42.1 
44.3 
52.6 
37.4 
43.0 
44.3 
69.7 
55.1 
56.3 
66.9 

Total 
catch 

0)  

232 
10 
36 
82 
12 
8 

92 
19 1 
13 
57 
27 
39 
36 
34 

175 
1 

2 1 
15 
3 
2 
3 

49 
83 
22 
15 
18 

Scaled 
Mean length (s.d.) 
Male Female 



LOUR 

Figure 1: Scientific Observer Programme management areas. 



Figure 2: Location of fmheries used for analysis of biological data, position of trawls in the commercial 
fmhery (grey dots), and location of samples of orange roughy taken by the MFih Scientific Observer 
Programme (black dots) during the 1999-2000 fihing year. 



Antipodes 

Figure 3: Location of fisheries used for analysis of biological data, position of trawls in the commercial 
f~shery (grey dots), and location of samples of orange roughy taken by the MFish Scientific Observer 
Programme (black dots) during the 1999-2000 fshing year. For reasons of confidentiality, the axis scales 
and details of bathymetry and geography have been omitted from the lower figure. 



.. 

Spawning Box 

Figure 4: Location of research trawls in the Northeast and East Chatham Rise (top) and Bay of Plenty 
(Mercury-Colville Box).(bottorn). 
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Figure 5: Observer length frequency distributions (scaled by catch) of orange roughy by area, n(s), 
number of samples; n(m), number of f ~ h  measured. 
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Figure 5 - continued. 
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Figure 5 - continued. 
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Figure 6: Research length frequency distributions (scaled by catch) of orange roughy from a survey 
carried out on the Chatham Rise in July 2000. (a) Spawning Box "Plume", (b) Spawning Box Mt Muck, 
(c) Northeast Hills (Smiths, Camerons, Erebus, Hansen, Jacks, Bretts), (d) East Hills (Dickies, Cotopaxi, 
Chile, Cathy, W Possum, E Possum). 
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Figure 7: Daily changes in female orange roughy gonad stage proportions during the spawning season in 
the Alderman Knoll (top), White Island (middle), and NW Challenger (bottom) f~heries, from observer 
data. 


