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1. EXECUTIVE SUMMARY 

1. Size and reproductive data on orange roughy collected by observers on New 
Zealand fishing vessels from 297 tows from both within and outside the New Zealand 
EEZ during the 1997-98 fishing year were examined and summarised by fishery. 
Biological data collected during two trawl surveys in this fishing year were also 
summarised. 

2. There was a 20% increase in observer sampling over the previous year, but some 
important fisheries (e.g., ORH 2A, Louisville Ridge) were not well covered. 

3. Size frequency distributions were strongly unimodal in most areas but mean 
length was variable between areas, ranging from 30.6 to 38.5 cm for male and 33.3 to 
40.4 cm for female fish. 

4. Sex ratios showed no general trend with most fisheries within the N.Z. EEZ 
showing close to an even ratio. On the South Tasman Rise there was a strong male bias 
(over 70%) in both pre-spawning and spawning samples, and in both the northern and 
southern features. 

5 .  Reproductive data showed strong seasonal trends with spawning mostly from June 
to August. For the Challenger Plateau, Chatham Rise Spawning Box, and Mercury- 
Colville fisheries the spawning period was well defined from available data. Spawning 
began later than usual in the Mercury-Colville fishery. 

2. INTRODUCTION 

This FARD was written in response to objective 4 of MFish project ORH9802 "Orange 
roughy stock assessment", and objective 3 of MFish project ORH9803 "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 
1997198 fishing year for input into stock assessment models." 



A further purpose of this FARD was to satisfy the requirements of objective 3 of an 
Australian Fisheries Resources Research Fund project (CSI90301) which required the 
same analyses to be carried out on Wish  SOP data from the new South Tasman Rise 
fishery south of Tasmania. 

The final reporting requirement of both Wish  objectives include submitting a draft 
FARD to the Manager Science Policy MFish. This FARD was prepared to satisfy both of 
these requirements. 

Biological data collected by observers can be important inputs to stock assessment, 
particularly for areas where there are no independent estimates of biological parameters, 
such as age at recruitment or age at maturity, available from research surveys (e-g., Clark 
& Tilzey 1996). These parameters can be derived from observer-collected size and 
reproductive stage information combined with an age-length key. Reproductive stage data 
collected by observers are also important for examining trends, such as changes in timing 
and location of spawning activity. Changes in mean length over time can sometimes help 
to identify areas of heavy exploitation and give clues to recruitment patterns (Francis & 
Smith 1995). Examination of sex ratio information can be used to indicate a selectivity 
bias in the fishery (Francis 1996). 

Data were available from most of the orange roughy fisheries currently being fished by 
New Zealand vessels. There was no coverage from the East Cape, Wairarapa, Kaikoura, 
or Puysegur fisheries. In this report I present data on size and reproductive state collected 
from samples from trawls made throughout the EEZ, as well as several fisheries outside 
the EEZ, between 1 October 1997 and 30 September 1998. 

3. DATA SOURCES 

Data were collected by SOP observers hosted aboard commercial fishing vessels. 
Observers took measurements from random samples of about 100 fish from up to six 
trawls a day. The standard length (SL) and sex of these fish, and reproductive condition 
of female fish, were collected along with the weight of the sample and of the entire 
orange roughy catch. These data are managed by staff at M A ,  Greta Point, and held on 
the EMPRESS obs-lfs database (Sanders & Mackay 1999). Tow by tow catch data from 
the entire commercial fishery was also used to show the distribution of the fishery. These 
data came from extracts from W i s h  databases held on the EMPRESS database dw-cdb 
at NIWA, Greta Point. Data were mostly complete for the year on both databases, but less 
so on dw-cdb where catch data from observed trawls on the South Tasman Rise in 
August and September 1998 were not available. 

Biological data from research surveys on the Mercury-Colville fishery in June 
(SMT9801) and the Chatham Rise in July 1998 (TAN9807) are also presented. These 
data are held at NIWA Greta Point on the EMPRESS database trawl (Mackay 1998) and 
have undergone comprehensive error checking. 



4. METHODS 

The SOP sampling regime was based on Quota Management Areas (QMAs), but the SOP 
records and manages data according to broad areas based on Fisheries Management Areas 
(FMAs) (Figure 1). In this summary we have analysed the data according to recognised 
fisheries within each SOP and QMA area, and outside the EEZ (see Figures 2 to 5). 

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 misrecording of position, and length and catch data were 
checked for irregularities. 

4.1 Size structure 

Size distributions from observer data were prepared for fisheries 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 
spawning season and non-spawning season sampling. Distributions labelled "pre- 
spawning" include all length data collected since the beginning of the fishing year, i.e., 
"pre-spawning" means pre-1998 spawning. Size frequencies were scaled according to the 
fraction of the catch sampled for that tow to give greater influence to larger catches. 
Where sample weight was not recorded (less than 10 tows), it was estimated by applying 
a length-weight function to the size frequency from the sample. Sex ratios (percentage 
male) and mean lengths were calculated from the scaled data. 

Research size-frequency data are presented only for areas where stratified random 
trawling was carried out, for comparison with commercial (target) trawling. These size 
frequency data were scaled by the percentage of fish sampled per tow, the area swept by 
the wings, and the biomass calculated from the catch weights (see Vignaux 1994). 

4.2 Reproduction 

All female fish examined by observers 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 

Note that these categories are different to the eight categories used for orange roughy by 
NIWA research staff. 



The reproductive state of female fish was examined for areas with sufficient observer 
data. Where time series data through the spawning period were available, plots were 
created to examine the progression of spawning with a curve (Distance Weighted Least 
Squares, Wilkinson 1987) fitted to the data points. In addition, reproductive data were 
examined for male and female fish collected on the Chatham Rise research survey. Size 
and reproductive data from the Mercury-Colville survey were detailed by Clark & 
Anderson (1999) and are only summarised here. 

5. RESULTS 

5.1 Distribution of samples 

Observers examined 297 samples collected during 25 voyages with the number of 
samples per voyage ranging between 1 and 55. The number of samples taken was more 
than in 1996-97 (see Anderson et al. 1998) but less than expected. Coverage was more 
similar to the previous year than to expected coverage, with sample numbers in ORH 3B, 
ORH 2A, Lord HowefNW Challenger, and Louisville Ridge in particular less than 
expected. A summary of expected and actual sample numbers by fishery is presented in 
Table 1. 

The positions of tows from which samples were collected are shown in Figures 2-5. 
Monthly totals arranged by SOP area, ORH 3B fisheries, and other fisheries are shown in 
Table 2. 

To determine how well the observed tows represented the entire fishery, catch per tow for 
all tows (from QMS data) was compared with that from all observed tows (Figures 4 and 
5). These figures show a good spread of sampling on the Chatham Rise (ORH 3B), with 
the main fisheries well covered. As in the previous year, the Challenger Plateau fishery 
(ORH 7A) was also well covered, and virtually all fishing in the Auckland Islands fishery 
was observed (see also Table 3). However, the distribution and number of tows observed 
in other orange roughy fisheries was poor. There were only a few samples from the 
Louisville Ridge fishery (ET, located outside the N.Z. EEZ), where fishing activity was 
high. The East Cape (ORH 2A North), Wairarapa (ORH 2B), and Kaikoura (ORH 3A) 
fisheries were not sampled at all by observers, and only a few samples were taken from 
Ritchie Banks (ORH 2A South). Other areas south of 46" S were not heavily fished, and 
the sample coverage reflects this. The moratorium on the Puysegur Banks fishery was 
partly responsible for less overall fishing activity in this area. Coverage on the South 
Tasman Rise was very high with observers sampling most trawls. Sample weight totals, 
observed catch totals, and total catch are surnrnarised by fishery in Table 3. 

The locations of research trawl stations in ORH 1 and ORH 3B are shown in Figure 6. 



5.2 Size structure and sex ratios 

Length frequency distributions by sex from observer samples are given in Figure 7. 

Strong unimodal distributions by sex, typical for orange roughy size structures, were 
found for most areas. Where distributions showed multiple modes and were more spread 
(e.g., Figure 7e, q) this was probably due to small sample sizes. Fish sampled from the 
South Chatham Rise, NW Chatham Rise (during spawning), and Challenger Plateau, had 
smaller mean lengths than those from other areas. Small fish (less than 25 cm standard 
length, SL) were most prevalent on the NW Rise. The Arrow, Lord Howe, and Louisville 
Ridge fisheries had the largest mean lengths (Table 4). Mean length of male fish during 
spawning on the NW Rise was smaller than pre-spawning length, whereas female fish 
showed no difference, but this may be an artefact of a small sample size during spawning. 
Size structure of fish sampled during and after spawning on the Arrow Plateau showed a 
decrease in mean size of both sexes (Figure 7h, i). There was little difference in mean size 
of pre- and post-spawning fish in the Auckland Islands fishery. 

Pre-spawning fish on the South Tasman Rise fell into a tight range of lengths, were 
relatively large, and had a slightly greater mean length than fish sampled during August 
and September (due to a later spawning season, three tows in early September were 
included in the spawning samples). Fishing generally took place in one of two distinct 
areas (see Figure 5) and distributions prepared for these separately (Figure 7t, u) showed 
little difference in size structure or mean length. 

Sex ratios were also calculated for each area and period, and these ranged from 37.1% 
male (NW Rise spawning fish) to 77.3% male (South Tasman Rise spawning fish). Ratios 
were generally close to even however, with more than half the groups of samples 
analysed falling within 5 percentage points of 50% male. On the South Tasman Rise, 
samples from the north and south features and from pre-spawning and spawning fish had 
sex ratios above 70% male. Sex ratio and mean length data are surnmarised by area in 
Table 4. 

Additional length frequency distributions are presented from the Chatham Rise research 
survey (Figure 8). Primarily an acoustic survey, a random trawling component was 
included in the survey of the "Spawning Box", allowing a scaling protocol to be applied 
to size frequency samples taken from this area. The distribution shows a very similar 
structure to the observer data (see Figure 7c) being strongly unimodal and with mean 
sizes of both sexes matching to within 0.2 cm. The sex ratio was nearly even for the 
observer data (54.7% male) but favoured females in the research data (35.8% male). Both 
distributions were based on measurements of several thousand fish. 

Size structure of orange roughy in the three hills surveyed in the Mercury-Colville Box 
(Clark & Anderson 1999) showed unimodal but broad size distributions. Mean lengths 
varied little between features and fish were of average size relative to other New Zealand 



fisheries. Sex ratios were highly variable, however, ranging from 86% male at Mercury 
Knoll to 26% male at South Colville Knoll. 

5.3 Reproduction 

A summary of gonad stages by fishery and month from SOP data is presented in Table 5 
for areas where samples revealed at least some spawning fish. This is to provide a coarse 
indication of spawning season where a time series of samples is not complete. Spawning 
is strongly seasonal in all areas, and mostly occurs between June and August. Ripe and 
running ripe fish were recorded on parts of the Chatham Rise and areas further south as 
late as October, but these should be treated with some caution as they may have been 
misrecorded or miscoded. Only the later part of the spawning season was sampled on the 
South Tasman Rise, but a high proportion of running ripe fish were recorded as late as 
mid August. 

Good observer coverage of the spawning period was achieved in the Spawning Box and 
on the Challenger Plateau, and gonad stage data from these fisheries are presented as time 
series plots of fractions of spawning fish (Figure 9). The peak of the ripe and running ripe 
curve and the point at which 20% of fish were spent were estimated from the plots where 
possible and used as indicators of mid spawning. Coverage was intensive in the Spawning 
Box during the second half of June and the first half of July, but ceased part way through 
spawning. The rapidly increasing proportion of mature fish and the appearance of spent 
fish in later samples suggest that the peak of spawning would have been a few days to a 
week after 13 July. This agrees with the range of estimates derived from research surveys 
in the box between 1984 and 1992 when peak spawning occurred between 14 and 27 July 
(Anderson & Fenaughty 1996). Spawning took place on the Challenger Plateau between 
mid June and mid July with a peak well indicated by the plot at about 1 July (Figure 9b). 
This matches precisely the timing derived from the 1996-97 observer data (see Anderson 
et al. 1998), but is a week or so earlier than in 1984 to 1990 (Clark & Tracey 1994) when 
peak spawning ranged between 9 and 15 July. 

Research trawl surveys were conducted through the spawning periods in the Chatharn 
Rise Spawning Box and northeast hills (ORH 3B) and the Mercury-Colville Box 
(ORH 1) in 1998. Curves fitted to the Spawning Box data suggest a peak in spawning at 
about 16 July for both sexes (Figure lo), agreeing well with the timing indicated from 
observer data. Data were sparser in the northeast hills but indicated a general increase in 
the proportion spent of both sexes during the last two weeks of July, with the peak of 
spawning around 15-20 July (Figure 11). Spawning period varied slightly between knolls 
in the Mercury-Colville Box, but took place during the latter half of June and probably 
into July with peak spawning in the last week of June (Clark & Anderson+ 1999). 



6. SUMMARY 

Observer coverage: There was a 20% increase in sampling over the 1996-97 fishing 
year, mostly in the Chatham Rise and Challenger Plateau fisheries, and the newly fished 
South Tasman Rise in international waters south of Tasmania. Some important fisheries 
(in terms of total catch) were not well represented, particularly East Cape and Louisville 
Ridge. New Zealand vessels fishing for orange roughy on the South Tasman Rise were 
required to carry observers, resulting in good coverage of the total fishing effort there. 

Research coverage: There was more orange roughy research trawling this year than last 
with a survey in the Spawning Box and Northeast Hills areas of the Chatham Rise in July, 
and a survey of the Mercury-Colville Box (the adaptive management area of ORH 1) in 
June. Fishery independent information on spawning activity and size structure was 
therefore available for each of these areas. 

Size structure: Enough observer samples were taken to enable examination of length 
distributions in 15 discrete fisheries. Mean lengths varied from area to area with a spread 
of 7.9 cm for male and 7.1 cm for female fish, but structure within fisheries was generally 
similar to that of the previous year. Some differences were noted in size structure within 
an area at different times of the year. During spawning, mean sizes may be expected to 
increase in areas where spawning aggregations are sampled and decrease in other areas. 
Although sample sizes were small, this may help to explain changes in mean lengths of 
male fish on the NW Rise over the year, and the decrease in mean length of fish of both 
sexes on the Arrow Plateau after spawning. 

Reproduction: Timing of spawning was determined with some precision in three areas. 
In the Spawning Box and Challenger Plateau fisheries this timing was within expected 
ranges, while in the Mercury-Colville Box spawning may have been later than expected 
(Clark & Field 1998, Clark & Anderson 1999). 
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Table 1: Comparison of expected and actual number of samples for 1997-98 and actual number of 
1996-97 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 H o w e m  Challenger 
Louisville Ridge 
South Tasman Rise 

Total 

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

1997-98 1997-98 1996-97 

I 

MWsh research summary tender document figures 



Table 2: Number of observer orange roughy biological samples by month for 1997-98 

Summary by SOP area (see Figure 1 for area boundaries) 
Area Oct Nov Dec Jan Feb Mar 
AKE 
CEE 9 
CET 
CHA 
HOWE 
KER 
LOUR 4 3 
SOE 10 14 30 
SO1 2 1 8 7 
SOU 1 
SUB 1 2 1 
TMAR 2 2 11 
ALL 16 16 31 4 13 28 

Apr May Jun Jul Aug Sep Total 
1 4 6 1  12 

9 
3 8 8 1 20 
1 25 27 53 
4 4 

Summary by sub-area of ORH 3B 
Area Oct Nov 
Spawning box 
NW Rise 2 1 
East rise 12 
South rise 8 1 
Arrow 
Snares 1 
Antipodes 
Auckland Is. 2 
Macquarie 1 
Pukaki 
ALL 14 14 

Dec Jan Feb Mar Apr May Jun Jul Aug Sep Total 
26 16 42 

13 9 4 1  30 
16 28 
1 5 15 

4 14 18 
1 2 4  

1 1  2 
1 8 7 5 23 

1 2 
4 4 

31 0 10 13 0 9 34 17 1 25 168 

Summary for other areas 
Area Oct 
Kermadec Ridge 
Challenger Plateau 
Westpac 
Cook Canyon 
Mercury-Colville 
ORH lother 
Ritchie 
Lord Howe (ET) 
NW Challenger (ET) 
Louisville Ridge (ET) 
South Tasman Rise (ET) 2 
ALL 2 

Nov Dec Jan Feb Mar Apr May Jun Jul Aug 
2 
1 22 27 

5 7 
3 
2 

1 2 6 1  
9 

4 
3 3 1 

4 3 
2 11 4 
2 0 4 3 2 0 1 0  1 3 7 4 1  5 

Sep Total 

Voyages 
2 
2 
4 
3 
1 
1 
1 
9 
4 
3 
3 
4 

Voyager; 
2, 
5 
2. 
3 
3 
3 
I. 
4 
2 
1 

Voyages 
I. 
2 
;! 
1 
X 
:! 
-j * 

1 
3 
1 
4 



Table 3: Summary of number and weight (kg) of samples taken by scientific observers relative to the 
observed catch (t) and estimated total catch (t) in the fishery, 1997-98; some catch (fishery) totals 
based on tow by tow data are incomplete) 

Area 
ORH 1 
Mercury-Colville 
ORHlother 
ORH 2A 
Ritchie 
ORH 3B 
Chatham Rise 

Spawning Box 
NW Rise 
East Rise 
South Rise 
Arrow 

Southern 
Snares 
Antipodes 
Auckland Is. 
Macquarie 
Pukaki 

ORH 7A 
Challenger Plateau 
Westpac 
ORH 7B 
Cook Canyon 
ORH 10 
Kermadec Ridge 
ORH ET 
Lord Howe 
NW Challenger 
Louisville Ridge 
South Tasman Rise 

No. tows 
sampled 

2 
10 

9 

42 
30 
28 
15 
18 

4 
2 

23 
2 
4 

50 
12 

3 

2 

4 
8 
7 

22 

Weight of 
samples 

302 
1 644 

970 

4 830 
3 047 
3 065 
1 369 
2 744 

45 3 
22 1 

2 646 
20 1 
463 

4 220 
1 169 

295 

73 

682 
745 
745 

3 496 

Catch 
observed fuhery 



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 

ORHlother 
Ritchie 
Spawning Box 
NW Rise 
NW Rise 
East Rise 
South Rise 
Arrow 
Arrow 
Auckland Is. 
Auckland Is. 
Pukaki 
Challenger Plateau 
Westpac 
Lord Howe 
NW Challenger 
Louisville Ridge 
South Tasman Rise 
South Tasman Rise 
South Tasman Rise 
South Tasman Rise 

Sex ratio 
Number measured (%male) Total catch 

Period Male Female Total (scaled) (t) 

Spawning 
Pre spawning 

Spawning 
Pre spawning 

Spawning 
Pre spawning 
Pre spawning 

Spawning 
Post spawning 
Pre spawning 

Post spawning 
Post spawning 

Spawning 
Spawning 

Pre spawning 
Spawning 

Pre spawning 
Pre spawning 

Spawning 
North 
South 

Scaled 
Mean len& 

Male Female 



Table 5: Female gonad stage summaries (numbers of fish in each stage) by month for selected areas 

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

Mercury-Colville 
Month F1 F2 F3 
Jun 0 1 13 

Auckland 
Month F1 F2 
Oct 3 43 
Dec 47 0 
Feb 10 154 
Mar 27 187 
SeP 38 104 

Orhlother 
Month 
May 
Jun 
Jul 
A% 

Challenger Plateau 
Month F 1 
Apr 0 
Jun 10 
Jul 0 Spawning box 

Month 
Jun 
Jul 

NW Rise 
Month 
Oct 
Nov 
Dec 
May 
Jun 
Jul 

South Rise 
Month 
Oct 
Nov 
Dec 
May 

Arrow 
Month 
Jun 

S ~ P  

Snares 
Month 
Oct 
A% 
S ~ P  

Westpac 
Month F1 
Jun 9 
Jul 0 

Cook Canyon 
Month F 1 
Jun 34 

NW Challenger 
Month F 1 

A P ~  4 
Jun 0 
Jul 0 

S ~ P  0 

South Tasman Rise 
Month F1 F2 
Oct 2 41 
Nov 0 23 
Mar 0 279 
Aug 0 0 
SeP 26 4 



Figure 1: Scientific Observer Programme management areas. 
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Figure 2: Location of f~heries used in analysis of biological data, and the location of samples of 
orange roughy taken by the MFish Scientific Observer Programme during the 1997-98 fshing year. 
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Figure 3: Location of fsheries used in analysis of biological data, and the location of samples of 
orange roughy taken by the MFih Scientific Observer Programme during the 1997-98 fihing year. 



Figure 4: Catch per tow of orange roughy in trawls sampled by MFish scientific observers during 
1997-98 (top), and catch per tow in trawls by the commercial fwhery (bottom) (circle size is 
proportional to catch rate, maximum = 65 .t). 



Figure 5: South Tasman Rise: Catch per tow of orange roughy in trawls sampled by MFish scientific 
observers during 1997-98 (top), and catch per tow in trawls by the commercial f~hery (bottom) 
(circle size is proportional to catch rate, maximum = 99 t). 
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Figure 6: Location of research trawls for orange roughy used in the analyses, in the Mercury-Colville 
box (ORH 1) (top), and the Spawning Box (ORH 3B) (bottom). 



20 1 (a) Orhlother n(s) = 9 

(spawning) n(m)= 990 
4 c Percent male = 50.7 

Mean length (m) = 35.4 cm 
Mean length (f) = 37.6 crn 

Females 

(spawning) 
15 

20 - 

15 - 

10 - 

n(s) = 5 
n(m)= 484 
Percent male = 37.1 
Mean lendh (m) = 30.6 cm 

(c) Spawning box n(s) = 42 

(spawning) n(m)= 3,702 
Percent male = 54.7 

A 
Mean length (m) = 32.9 cm 
Mean length (f) = 34.9 cm 

Mean length if) = 33.8 cm 
A 

20 1 (g) South Rise 
:--' . . - 

10 20 30 40 

20 1 (i) Arrow n(s) = 14 
n(m)= 1,363 
Percent male = 54.5 
Mean length (m) = 36.4 cm 
Mean length (f) = 37.8 cm 

n(s) = 9 

(pre-spawning) n(m)= 756 
Percent male = 52.6 I\ Mean length (m) = 33.0 an 

I 1 1 Mean length (f) = 33.6 crn 

n(s) = 25 

(pre-spawning) n(m)= 2,069 
Percent male = 51.3 

1 Mean length (m) = 32.4 cm 
I A Mean length (f) = 33.6 crn 

East Rise n(s) = 28 

(pre-spawning) n(m)= 2,388 
Percent male = 46.9 

A 
Mean length (m) = 33.1 cm 
Mean length (f) = 34.5 cm 

(h) Arrow n(s) = 4 

Standard length (cm) 

F i r e  7: Observer length frequency distributions (scaled by catch) of orange roughy by area, n(s), 
number of samples; n(m), number of fish measured. 



n(s) = 18 20 - (k) Auckland n(s) = 5 
n(m)= 348 (post-spawning) 

15 - Percent male = 58.4 
Mean length (m) = 34.0 cm 
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Figure 7 - continued. 
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Figure 7 - continued. 
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Figure 8: Research length frequency distributions (scaled, see text) of orange roughy from a survey 
carried out in the Spawning box on the northeast Chatham Rise in July 1998. 
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Figure 9: Daily changes in female orange roughy gonad stage proportions during the spawning 
season, from observer data. 
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Figure 10: Daily changes in (a) male and (b) female orange roughy gonad stage proportions in the 
Spawning box during the spawning season, from research trawl data. 
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Figure 11: Daily changes in (a) male and (b) female orange roughy gonad stage proportions in the 
Chatham Rise northeast hills during the spawning season, from research trawl data. 
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