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EXECUTIVE SUMMARY 

09Driscoll, R.L. (2001). Assessment of the west coast South Island orange roughy fishery 
(ORH 7B) for the 2001-02 fishing year. 

New Zealand Fisheries Assessment Report 2001/31.29 p. 

This report updates the stock assessment for ORH 7B. The previous assessment, given in the 1998 
Plenary Report, has been updated with the addition of catch data up to the end of the 1999-2000 
fishing year, revised biological parameters, and new standardised CPUE indices. These data were 
incorporated in a deterministic stock reduction analysis to estimate stock size, and hence calculate 
yields. 

The ORH 7B fishery developed in the Cook Canyon in 1985. Reported annual landings have ranged 
from 280 t to 1760 t. The TACC was reduced from 1708 t to 430 t in the 1995-96 fishing year 
following several years from 1992 to 1995 when the TACC was not achieved. Effort in the fishery 
increased 40-60% in 1998-2000 compared to 1995-98. There were 566 tows reported in ORH 7B 
from 1998-99 and 572 tows in 1999-2000. Much of the recent fishing effort was by small, inshore 
vessels. Effort was more evenly spread throughout the fishing year in 1998-2000 than in previous 
years, with some fishing in almost all months. Average tow duration recorded on TCEPR forms 
increased from 2.0 h in 1985-98 to 2.6 h in 1998-99 and 4.6 h in 1999-2000. 

Unstandardised catch rates (mean daily tonnes per tow and tonnes per hour) were examined by season. 
Both measures of catch rate showed a similar decline over the course of the fishery. Initially catch 
rates were highest in the winter months, but recently catch rates have been consistently low throughout 
the year. Catch rates in 1999-2000 were the lowest in the history of the fishery and less than 10% of 
peak values. The quota of 430 t was undercaught by 34% (provisionally) in 1999-2000, despite 
increases in effort and tow duration. Standardised CPUE indices were calculated from winter (June- 
July) mean daily catch rates (tltow). The standardised analysis showed the same declining pattern as 
unstandardised catch rates. The relative year indices in 1998-99 and 1999-2000 were 8% and 4% of 
1985-86 levels. The log-linear CPUE model performed well, explaining 40% of the variation in the 
data. 

A deterministic stock reduction analysis was performed using the standardised CPUE indices. In the 
base case analysis, virgin biomass (Bo) was estimated at 12 700 t (95% confidence intervals of 12 300- 
13 500 t). The model biomass trajectory did not fit the CPUE indices well, but alternative analyses 
suggest that virgin biomass was likely to be in the range 12 000-20 000 t. Biomass in 2000-01 is 
probably less than the size that will support the MSY (interpreted for this stock as the mean biomass 
under a CAY policy, which is estimated to be 30% Bo). Best estimates of MCY and MAY are less than 
the current TACC. It is therefore unlikely that the current TACC and recent catch levels are 
sustainable. 



1. INTRODUCTION 

1 .I Overview 

This report updates the stock assessment for the orange roughy fishery on the west coast South Island 
(ORH 7B). The previous assessment of this fishery by Clark & Field (1995) is updated with the 
inclusion of data up to the end of the 1999-2000 fishing year. The work was carried out for Ministry 
of Fisheries project ORH2000102 (Orange roughy stock assessment). It covers the part of Objective 1 
(descriptive analysis of catch and effort data) that refers to the west coast South Island stock (ORH 7B) 
and the variation (standardised CPUE analysis and stock assessment for ORH 7B) requested by the 
Deepwater Working Group. 

1.2 Description of the fishery 

Quota Management Area ORH 7B covers an area off the west coast of the South Island from near 
Westport to south of Jackson Head. Orange roughy occur throughout the QMA which includes 
domestic fishing return areas 033,034,705, and 706 (Figure 1). The fishery is centred on an area near 
the Cook Canyon, which is a trench running out from the coast in roughly an east-west direction. 
Fishing also occurs to the south around the Moeraki Canyon. 

The fishery developed from May 1985, with a rapid increase in the following year when aggregations 
of spawning orange roughy were targeted in winter. Most of the catch is taken in the winter, 
particularly in June and July. Reported landings have ranged from 280 to 1760 t per year (Table 1). 
Catches in 1992-93 to 1994-95 were well below the TACC of 1708 t (Table 1). The TACC was 
reduced to 430 t for the 1995-96 fishing year and has remained at this level since then. 

No non-commercial or Maori customary fisheries for orange roughy are known in this area. 

1.3 Literature review 

The initial development of the fishery and early research results were described by Armstrong & 
Tracey (1986). Several research surveys were camed out in the area in the 1980s (Tracey 1985, 
Armstrong & Tracey 1987, Tracey et al. 1990). These surveys provided data on distribution and 
biology of orange roughy in the Cook Canyon area, but no time series of surveys has been developed 
to assess changes in relative abundance. The most recent stock assessment for this stock was in 1997 
(Annala et al. 2000) using a stock reduction model based on catch rates from commercial catch and . 

effort data (Clark & Field 1995). Virgin biomass was estimated to be between 10 000 and 20 000 t. 
Field (1999) presented a descriptive analysis of the fishery up to the end of the 1997-98 fishing year. 

2. REVIEW OF THE FISHERY 

2.1 Data sources 

Catch and effort data from the west coast South Island fishery are recorded on either trawl-catch- 
effort-processing-returns (TCEPR) or catch-effort-landing-return (CELR) forms. The TCEPR forms 
give tow-by-tow information, with location and estimated catch for each trawl. The CELR forms 
provide daily catch records with effort estimated as the number and total duration of tows in the day. 
CELR forms tend to be used by smaller inshore vessels. Larger deepwater vessels are required to 
complete TCEPR forms. Up-to-date data were requested from the Ministry of Fisheries catcheffort 
database in December 2000. TCEPR data were loaded into a relational (Empress) database at NIWA 
and CELR data were stored as an Excel spreadsheet. 



The west coast South Island fishery was defined as the area between latitudes 42" and 44.25" S, and 
longitudes 166" and 171.5' E. This area includes domestic fishing return areas 033,034,705,706, and 
the northern part of 032 (see Figure 1). Tows (TCEPR) or daily catch records (CELR) within this area 
that targeted or caught orange roughy were extracted for the fishing years 1998-99 and 1999-2000. 
Data for the 1999-2000 fishing year may be incomplete due to forms not yet supplied by fishing 
vessels and records not yet entered into the Ministry database. 

A total of 45 tows representing 40 t of catch were reported on TCEPR forms in 1998-99, and 146 tows 
representing 85 t in 1999-2000. Tow data were checked for possible errors by conducting a series of 
range checks, and by plotting tow distance calculated from start and finish positions against tow 
distance calculated from tow duration and vessel speed. Records containing obvious errors (3 in 1998- 
99, 17 in 1999-2000) were excluded from further analyses. 

The proportion of the catch in ORH 7B reported on CELR forms has increased in recent years. From 
1997-98 on more than half the orange roughy catch was reported on CELR forms (see Table 1). In 
1998-99 there were 176 vessel days reported on CELR for a catch of 320 t (89% of total recorded 
catch). In 1999-2000 there were 134 vessel days and 142 t of catch on CELR forms (63% of total 
recorded catch). This may indicate a trend towards smaller vessels in the fishery. 

To combine data from both TCEPR and CELR forms, tow-by-tow data from TCEPR were condensed 
into a daily format. All tows by a vessel on a day were combined and the catches from individual tows 
summed. This gave a total daily catch record comparable with CELR data. 

Groomed data from 1998-99 and 1999-2000 were combined with similarly errorchecked data from 
1985-86 to 1997-98 (surnrnarised by Field 1999). 

2.2 Catch and landing data 

Total allowable catch, reported landings, and estimated catch from groomed TCEPR and CELR 
returns are shown in Table 1. Reported (provisional) landings in 1999-2000 were the lowest since the 
fishery began and only 66% of the TACC was caught. Data were reasonably complete in 1998-2000 
with 89% (1998-99) and 80% (1999-2000) of the recorded landings recorded on either TCEPR or 
CELR forms (see Table 1). 

2.3 Catch effort data 

A total of 6899 tows from 2453 vessel days were present in the groomed data (Table 2). Almost all 
tows targeted orange roughy. There has been a recent resurgence of effort in this fishery (Table 2). 
Effort peaked in 1991-92 at 810 tows. Following reduction of the TACC to 430 t, recorded effort from 
1995-96 to 1997-98 was low (150-228 tows per year), although the quality (completeness) of the data 
in these years was also low (recorded catch only 5242% of reported landings, Table 1). There were 
566 tows reported in ORH 7B from 1998-99 and 572 tows in 1999-2000. Even if we take into account 
the completeness of the data (see Table l), this represents an increase in effort of 4040% compared to 
1995-98. Most of the renewed effort in the fishery has been recorded on CELR forms (see Table l), 
suggesting catches by smaller vessels. 

Associated with this increase in effort, tow duration and length recorded on TCEPR forms in 1999- 
2000 also increased (Table 2). Average tow duration in 1999-2000 was 4.6 h compared to 2.6 h in 
1998-99 and 2.0 h in 1985-98 (Table 2). 

Unstandardised daily catch rates were expressed as mean tonnes per tow and mean tonnes per hour. 
Daily catch rates for all data combined have declined markedly during the fishery, and in 1999-2000 
were at the lowest levels in the time series (Table 2). 



2.3.1 Seasonal and spatial distribution of catch and effort 

Historically most effort (Table 3) and catch (Table 4) in the west coast South Island fishery has been 
concentrated in the winter spawning period (June and July) with a much smaller, secondary peak in 
catch and effort in September and October (Figure 2). Catch rates during June and July were initially 
high, but declined rapidly (Table 5) as effort increased. By 1991-92, catch rates throughout the 
spawning period were less than a third of peak values and effort was twice 1989-90 levels. 

Effort was much more evenly spread throughout the fishing year in 1998-2000 compared to previous 
years, with some fishing in almost all months (Figure 2). Although peak catches were still taken in 
June (Table 4), the peak in effort in September and October was more pronounced than previously 
(Figure 2). Peak effort in the 1998-99 fishing year was in September (Table 3). Catch rates outside the 
spawning season have not declined as rapidly as catch rates in June and July and catch rates are now 
fairly consistent and low throughout the year (Table 5). 

The geographical distribution of effort also changed over the course of the fishery (Figure 3). Initially 
effort was concentrated in a very small area in the Cook Canyon at the intersection of statistical areas 
033,034, and 705. Effort became more dispersed in 1992-93 as fishers ranged widely in an attempt to 
catch 'the available quota. This dispersed pattern of tows has continued in 1998-99 and 1999-2000, 
although sample sizes are small because much of the data was recorded on CELR forms where tow 
positions are not given. 

Catch rate plots (Figure 4) show high catch rates in the Cook Canyon in the early years of the fishery. 
Catch rates have decreased as the fishery dispersed, but relatively high catches were taken in the 
Moeraki Canyon to the south in 1992-93 and 1993-94. Catch rates have been low throughout OR. 7B 
in 1997-2000 (Figure 4), with very few catches over 5 t. 

3. RESEARCH 

3.1 Stock structure 

Orange roughy in this fishery are thought to be a single stock. Results from mitochondrial DNA 
studies indicate that fish from neighbouring fishing grounds of the Challenger Plateau and Puysegur 
Bank are distinct from those at Cook Canyon (Smith et al. 1996). Spawning in the Cook Canyon area 
also occurs at about the same time (late June, early July) as on the Challenger Plateau and the 
Puysegur Bank. The distances between Cook Canyon and Challenger and Puysegur grounds are 330 
km and 520 km respectively. 

3.2 Resource surveys 

Several research surveys were carried out in this area in the 1980s. Two cruises by GRV James Cook 
in February and December 1983 collected trawl and hydrological data (Tracey et al. 1990). Trawling 
was also carried out in October 1983 by FV Arrow under charter to MAF. In 1985 there was 
exploratory and research fishing by commercial vessels, as well as a biomass survey by Arrow on 
charter (Tracey 1985). Further bathymetric and trawling work was carried out on James Cook in 
February 1986, and there was another trawl survey by Arrow in July (Armstrong & Tracey 1987). 

These surveys provided a range of data on distribution, relative abundance, and biology of orange 
roughy in ORH 7B. However, data for stock assessment are limited. Surveys on Arrow in 1985 and 
1896 were both stratified random trawl surveys, but the 1985 survey took place before the spawning 
distribution was well known, and the 1986 survey was carried out after spawning was finished and 
some dispersal was likely to have occurred. No time series of surveys has been developed to measure 
changes in relative abundance. 



4. CATCH PER UNIT EFFORT (CPUE) ANALYSES 

4.1 Unstandardised CPUE 

Unstandardised catch rates (mean daily tonnes per tow and mean daily tonnes per hour) were 
surnmarised seasonally (Table 6) because catches showed a seasonal pattern (see Table 4). Winter 
catch rates correspond to the spawning fishery in June-August, while spring catch rates were 
determined for the secondary peak in the fishery in September-November. Unstandardised catch rates 
were also calculated for summer (December-February) and autumn (March-May) by Clark & Field 
(1995) and Field (1999), but there was historically little effort in these seasons (see Table 3) and catch 
rates were strongly influenced by one or two catches. 

Catch rates were expressed as both tonnes per tow and tonnes per hour because of recent changes in 
tow duration (see Table 2). In previous analyses (Clark & Field 1995, Field 1999) CPUE was 
measured as mean catch per tow. However, in relatively flat areas tow duration is likely to affect catch 
and catch per hour may be a better index of abundance. 

Both measures of CPUE (t/tow and t/h) showed a similar decline over the course of the fishery (Figure 
5). Initially catch rates were highest in the winter months, but recently catch rates have been similarly 
low throughout the year. Catch per tow has decreased since the start of the fishery, while catch per 
hour peaked in 1989-90 as technology developed and mean tow duration reached a minimum (see 
Table 2). Catch rates in 1999-2000 were the lowest in the history of the fishery. 

4.2 Standardised CPUE 

4.2.1 Input data 

A subset of data was selected for standardised analysis which represented the most consistent effort 
over time. Data were selected from the winter spawning period (1 June to 31 July) only. There has 
been substantial effort during June and July in all years from 1985-86 to 1999-2000 (see Table 3) and 
this is the period when 79% of the catch in the fishery has been taken (see Table 4). The input data 
were further restricted to vessels which had fished in winter for more than 20 days over at least two 
years between 1985-86 and 1999-2000, to reduce the effect of novice vessels on catch rate. 

These restrictions resulted in an input data set consisting of 1474 daily records (4293 tows) from 15 
vessels (Table 7). and represented 75% of the recorded catch from 1985-86 to 1999-2000. Selected 
vessels generally fished for more than five years and three vessels fished for more than ten years 
(Table 7) providing good consistency in the data. 

4.2.2 Methods 

A standardised CPUE analysis for ORH 7B was carried out using a stepwise multiple regression 
technique (after Vignaux 1994). Catch rate (the dependent variable) was modelled as log(mean daily 
catch per tow). Catch per tow was used rather than catch per hour because the total number of tows in 
a day was recorded more consistently (and probably more accurately) on CELR forms than the total 
duration of tows in a day. A sensitivity analysis was run using catch rate modelled as log(mean daily 
catch per hour) and the relative year indices were virtually identical to those presented in this report. 

There were very few (less than 2%) daily records where mean daily catch per tow was zero and these 
were ignored in the standardised analysis. There was no pattern in the zero records over time, and there 
were too few zeros to model these separately in a binomial model. Zero records were not included in 
the log-linear model by adding a small constant (1 kg) to all records because zeros distorted the 
distribution of CPUE, giving them a non-normal spread. 



Variables used as possible predictors of CPUE were fishing year, season, vessel, and statistical area. 
All were categorical variables. Season was categorised into 12 fixed periods of 5 days each beginning 
on 1 June. Other variables, such as depth, which are commonly included in other orange roughy CPUE 
analyses, were not recorded on CELR fonns. 

Variables were included in the model if they improved R' by more than 1%. Interactions were 
considered but were not included in the model because sample sizes were small and interaction terms 
added little to the explanatory power. 

4.2.3 Results 

Variables selected by the regression model were fishing year, season, and vessel (Table 8). The model 
explained 40% of the variability in CPUE (Table 8) and diagnostics pIots (Figure 6) suggest a good fit 
to the data. 

Model coefficients for each of the selected variables showed "sensible" patterns. Seasonal effects 
peaked on 26-30 June (Figure 7). There was not a major vessel effect (Table 8), with all 15 selected 
vessels having relative catch rates between 0.8 and 1.3 (Figure 8). Statistical area was not selected, but 
this was not surprising because historically the fishery has been concentrated on a small area at the 
intersection of statistical areas 033,034, and 705 (see Figure 3). 

Relative year effects showed a similar pattern to unstandardised CPUE (Table 9, Figure 9), with a 
sharp decline between 1985-86 and 1987-88. The relative year indices in 1998-99 and 1999-2000 
were 8% and 4% of 1985-86 levels (Table 9). 

5. STOCK ASSESSSMENT 

5.1 Methods 

A stock reduction analysis incorporating deterministic recruitment (Francis 1990) was used to estimate 
virgin (Bo) and current (B,,) biomass for the population. This method uses a maximum likelihood 
'estimation procedure to obtain an estimate of virgin biomass that makes the observed biomass indices 
and historical catches 'most likely' for a given set of biological parameters. The deterministic analysis 
assumes that recruitment is constant. This simplistic approach has been used for other New Zealand 
orange roughy stocks where there is a lack of data on recruitment, andlor where abundance estimates 
are uncertain 

Standardised CPUE (see Table 9) was used as an index of abundance assuming log-normal errors with 
a coefficient of variation (c.v.) of 0.3. The catch history included in the model is presented in Table 1. 
Overrun of reported catch was assumed to be zero. Biological parameters were the same as those used 
for the Chatham Rise (Table 10). Model structure considers the sexes separately and assumes a 
Beverton-Holt stock recruitment reIationship. In keeping with other deepwater stock assessments, the 
maximum exploitation rate permitted in the model was 0.67 (after Francis et al. 1995). Confidence 
intervals of the biomass estimates were derived from bootstrap analysis (Cordue & Francis 1994). 

Yield estimates were calculated using the methods described by Francis (1992) based on relative 
estimates of MCY, &*Y, and MAY for the Chatham Rise orange roughy fishery (Annala et al. 2000): 

Maximum Constant Yield (MCY) 



Current Annual Yield (CAY) 

CAYOllo2 = 0 . 0 6 4 e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

Maximum Annual Yield (MAY) 

MAY = 0.0199B0 

5.2 Biomass estimates 

The "base case" stock reduction analysis used the standardised CPUE indices from 1985-86 to 1999- 
2000, and assumed that there was a linear relationship between the CPUE indices and the underlying 
biomass. Two altemative analyses were carried out. The first alternative ("no 1985-87") only used 
standardised CPUE indices from 1987-88 to 1999-2000. The first two years (1985-86 and 1986-87) 
were dropped from this analysis because the CPUE indices from these years did not fit the base case 
model well (Figure lo), and it was thought the rapid decline in CPUE observed in these years did not 
reflect underlying changes in abundance. In the second alternative analysis ("hyperdepletion") it was 
assumed that the relationship between CPUE and underlying biomass was non-linear, with CPUE 
proportional to biomass squared. Such a relationship is plausible if, for example, fishing activity 
disturbs the schooling behaviour of spawning orange roughy, causing catch rates to decline more 
quickly than the underlying biomass. 

The best estimate of Bo from the base case stock reduction analysis was 12 700 t with 95% confidence 
intervals of 12 300-13 500 t (Table 11). The alternative analyses gave estimates of Bo of 13 500 t 
(95% confidence intervals 12 600-15 200 t) for "no 1985-87" and 15 800 t (14 000-19 900 t) for 
"hyperdepletion (Table 11). Because of uncertainty in the CPUE indices and the poor fit of the indices 
to the model biomass trajectory (Figure lo), the bootstrap 95% confidence intervals do not adequately 
reflect the level of uncertainty associated with individual estimates of Bo. A more realistic 
interpretation of the uncertainty would encompass the range of values from the three alternative 
analyses, suggesting that Bo is in the range 12 000 to 20 000 t. 

5.3 Yield estimates 

Estimates of MCY, CAY and MAY for each of the stock reduction analyses reported above are given 
in Table 12. Yield estimates are not corrected for any catch overrun. Best estimates of long-term 
(MCY,,,,,, and MAY) and current yields (MCYzoo14 and CAY) are less than the current TACC 
(Table 12). 

6. MANAGEMENT IMPLICATIONS 

Assessment of the west coast South Island orange roughy fishery (ORH 7B) indicates cause for 
concern. There was a 4040% increase in effort in 1998-99 and 1999-2000 compared to 1995-98, but 
unstandardised catch rates were the lowest in the history of the fishery. Standardised CPUE in the 
winter spawning period was at 8% and 4% of the 1985-86 level in 1998-99 and 1999-2000 
respectively. The quota of 430 t was undercaught by 34% (provisionally) in 1999-2000, despite 
increases in effort and tow duration. 



Abundance estimates from standardised CPUE incorporated into a stock reduction analysis provided 
estimates of virgin biomass in the range 12 000 to 20 000 t. Biomass in 2000-01 is probably less than 
the size that will support the MSY (interpreted for this stock as the mean biomass under a CAY policy, 
which is estimated to be 30% Bo). Estimates of MCY and MAY are less than the current TACC. It is 
unlikely that the current TACC and recent catch levels will allow the stock to move towards a size that 
will support the MSY. Base case estimates of MCY and CAY for 2001-02 are 115 t (27% of the 
current TACC). 
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Table 1: Reported catches, TACCs and recorded catch totals from TCEPR and CELR data for ORH 7B. 
Blanks indicate no data. 

Fishing year Reported 
landings (t) 

TACC (t) TCEPR catch CELR catch 
(9 (0 

t FSUdata 
$ QMS data 

Table 2: Summary of groomed data from TCEPR and CELR forms. 

Fishing Number 
Year of 

vessel 
days 

Number 
of tows 

357 
405 
420 
368 
356 
632 
8 10 
7 84 
708 
36 1 
150 
182 
228 
566 
572 

Total 
recorded 
catch (t) 

1544 
1250 
1250 
827 

1282 
1657 
1601 
1128 
660 
320 
275 
244 
170 
359 
227 

Mean 
daily 
catch 

rate 
(tlto w) 

4.5 
4.0 
3.4 
2.5 
4.5 
2.8 
2.0 
1.5 
1. I 
0.9 
2.2 
1.3 
0.7 
0.6 
0.4 

Mean Mean 
daily tow 
catch speed* 

rate (kt) 
(tk) 
2.9 2.3 
2.7 2.3 
2.3 2.8 
1.6 2.9 
5.6 2.8 
3.3 2.9 
1.4 2.9 
2.3 3 .O 
0.9 2.8 
1.6 2.9 
1.7 2.9 
7.5 2.8 
0.3 2.8 
0.2 2.6 
0.1 3.6 

Total Recorded 
recorded catchheported 
catch (t) landings (%) 

Mean Mean 
tow tow 

length* length* 
(h) (nm) 

* TCEPR data only 



Table 3: Monthly distribution of effort (number of tows) in the west coast South Island orange roughy 
f~hery.  

Fishing year 
1985-86 
1986-87 
1987-88 
1988-89 
1989-90 
1990-9 1 
1991-92 
1992-93 
1993-94 
1994-95 
1995-96 
1996-97 
1997-98 
1998-99 
1999-2000 

Oct Nov Dec Jan Feb Mar Apr May Jun Jut Aug Sep 
129 4 0 9 . 2  0 24 45 104 4 8 28 
111 14 0 0 I 0 2 1 238 2 33 3 
0 0 0 2 0 0 0 23 359 30 6 0 

0 0 0 0 0 0 0 43 229 11 51 34 
0 0 4 0 0 0 21 0 204 77 50 0 
88 26 3 22 2 0 12 77 228 115 4 55 
26 16 0 0 0 3 0 24 416 285 39 1 
72 0 0 0 0 0 0 43 185 436 15 33 
28 15 5 27 9 11 5 7 206 367 22 6 
2 21 15 13 2 13 1 35 76 149 24 10 
11 4 0 0 0  1 0 2 53 79 0 0 
6 1 0 2 0 0 0 7 127 39 0 0 
14 2 3 3 0 7 8 3 77 47 1 63 
33 28 12 48 11 42 25 25 128 76 0 138 
22 33 12 15 4 10 79 52 172 76 16 81 

Table 4: Monthly distribution of reported catch (t) in the west coast South Island orange roughy fshery. 
Blanks indicate months when there was no effort (see Table 3). 

Fishing year 
1985-86 
1986-87 
1987-88 
1988-89 
1989-90 
1990-9 1 
199 1-92 
1992-93 
1993-94 
1994-95 
1995-96 
1996-97 
1997-98 
1998-99 
1999-2000 

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
419 1 15 1 22 68 855 91 9 64 
144 0 1 0 0 994 19 44 48 

0 78 888 210 75 
85 535 116 81 9 

6 14 248 827 188 
184 34 12 30 1 3 62 474 734 12 111 
6 6 0 3 659 879 48 0 
30 17 494 531 19 36 
33 7 10 5 13 1 1 2 106 375 86 23 
0 43 10 3 2 5 1 8 76 164 3 3 
2 0 2 0 156 114 
2 0 2 5 203 33 
20 0 0 0 1 1 0 28 57 0 62 
45 31 7 22 2 10 10 3 94 68 69 
7 12 7 4 0 1 27 1 3 .  81 37 3 37 



Table 5: MonthIy distribution of mean daily catch rate (tltow) in the west coast South Island orange 
roughy f~hery. Blanks indicate months when there was no effort (see Table 3). 

Fishing 
Year 
1985-86 
198687 
1987-88 
1988-89 
1989-90 
1990-9 1 
199 1-92 
1992-93 
1993-94 
1994-95 
1995-96 
199697 
1997-98 
1998-99 
1999-2000 

Oct 

3 .O 
1.4 

2.9 
0.3 
0.4 
1.2 
0.2 
0.4 
0.2 
1.9 
1.3 
0.4 

Nov Dec 

0.1 
0.0 

1.5 
1.1 4.0 
0.4 

0.4 2.0 
1.1 1.1 
0.0 
0.1 
0.1 0.2 
0.9 0.7 
0.3 0.5 

Jan 

1.7 

0.0 

1.3 

0.2 
0.2 

1.1 
0.1 
0.4 
0.2 

Feb 

0.3 
0.7 

0.5 

1.6 
1 .o 

0.2 
0.2 

Mar 

0.1 

0.1 
0.3 
2.0 

0.1 
0.2 
0.1 

Jun Jul 

9.0 25.2 
5.4 9.6 
2.7 8.1 
2.7 12.8 
1.2 12.7 
2.0 6.9 
1.6 3.1 
2.7 1.2 
0.5 1.3 
1.9 1.0 
3.4 1.7 
1.7 0.7 
0.4 1.0 
0.8 1.0 
0.5 0.5 

Table 6: Unstandardised CPUE (mean daily t/tow and mean daily t/h) for the west coast South Island 
orange roughy fishery. Data are plotted in Figure 5. 

Fishing year 
1985-86 

All data 
t/tow t/h 

4.5 2.9 
4 2.7 

3.4 2.3 
2.5 1.6 
4.5 5.6 
2.8 3.3 

2 1.4 
1.5 2.3 
1.1 0.9 
0.9 1.6 
2.2 1.7 
1.3 
0.7 0.3 
0.6 0.2 
0.4 0.1 

Winter (Jun-Aug) 
tltow tlh 

9.6 5.5 
5.1 3.2 
3.6 2.4 
2.9 1.9 
4.9 6.1 
3.6 3.1 
2.2 1.5 
1.7 2.7 
1.2 0.9 
1.2 2 
2.4 1.4 
0.7 1.3 
0.6 0.2 
0.8 0.2 
0.4 0.2 

Spring (Sep-Nov) 
t/tow t/h 



Table 7: Annual effort by the fifeen core vessels used in the standardised CPUE analysis. Daily records 
were selected from 1 June to 31 July only. Core vessels were those that had fished more than 20 days in 
this period and in at least two years. Year 1986 is 1985-86 fuhing season etc. Blanks indicate no fishing. 

Vessel 1986 87 88 89 90 91 92 93 94 95 96 97 98 99 2000 Total 
A 9 10 14 26 19 27 27 12 45 5 194 
B 2 6 9 4  2 1 
C 15 12 17 44 
D 5 3 12 24 14 4 62 
E 8 3 14 4 15 15 59 
F 10 17 17 58 20 122 
G 8 13 11 32 
H 5 18 20 13 4 22 21 103 
I 2 6 9  5 9 8 5 8  52 
J 21 9 1 3 1 
K 20 22 39 34 38 50 14 5 10 11 13 3 259 
L 10 19 20 15 22 28 26 140 
M 65 20 2 4 1 92 
N 1 9 21 6 5 26 15 19 102 
0 5 22 12 24 22 11 13 14 18 17 3 161 
Total 
Days 33 64 107 77 94 120 196 209 235 80 36 74 41 57 51 1474 
Tows 94 207 353 236 281 343 688 621 555 219 75 154 102 185 180 4293 

Table 8: Variables included in the final stepwise regression model. 

Iteration Variable R' 
1 Fishing year 26.7 
2 Season 35.5 
3 Vessel 40.4 

Table 9: CPUE indices for selected data (see Section 3.1) from ORH 7B. 

Fishing year Number 
of days 

3 3 
64 

107 
77 
94 

120 
196 
209 
235 

80 
36 
74 
41 
57 
5 1 

Unstandardised 
(Vto w) 

9.95 
6.13 
3.28 
2.78 
5.21 
3.57 
2.27 
1 .72 
1.04 
0.82 
3.65 
1.50 
0.53 
0.87 
0.37 

Standardised 
Index Std. err. 



Table 10: Biological parameters used in stock reduction modelling. Biological parameters are those 
estimated for the Chatham Rise (ORH 3B) orange roughy fshery (Annala et al. 2000) where fsh  size is 
similar to orange roughy in ORH 7B. 

Parameter 
Natural mortality 
Age of recruitment 
Gradual recruitment 
Age at maturity 
Gradual maturity 
von Bertalanffy parameters 

Length-weight parameters 

Recruitment variability 
Recruitment steepness 

Symbol 
M 
Ar 

s r  

A m  

sm 

L, 
k 
to 
a 
b 
UR 

Male 
- 

Female 
- 

Both sexes 
0.045 yr-' 

29 yr 
3yr 

29 yr 
3 Yr 
- 

Table 11: Estimates of mid-year biomass (t) with 95% confidence limits in parentheses. BCnmnt is the mid- 
year biomass in 2000-01. 

Analysis Bo 0)  Bc-t (0  Bmt (SBo) 
Base case 12 700 (12 300-13 500) 1 580 (1 160-2 410) 12 (9-18) 
NO 1985437 13 500 (12 600-15 200) 2 410 (1 470-4 150) 1 8 (12-27) 
Hyperdepletion 15 800 (14 000-19 900) 4 760 (2 920-8 890) 30 (21-45) 

Table 12: Yield estimates (t) with 95% confidence limits in parentheses. 

Analysis MCY200142 M c Y ~ o n g - t e r m  CAY MAY 
Base case 115 (85-180) 190 (185-205) 1 15 (85-165) 255 (245-270) 
NO 1985-87 180 (110-230) 205 (190-230) 165 (105-280) 270 (256300) 
Hyperdepletion 240 (210-300) 240 (210-300) 3 15 (200-580) 3 15 (280-395) 



Figure 1: Location of the west coast South Island orange roughy fshery showing domestic fshing return 
areas. 
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Figure 2: Monthly distribution of effort (bars) and catch (line) in the west coast South Island orange 
roughy fishery 1986-98,1998-99, and 1999-2000. 



Figure 3: Positions of tows which targeted or caught orange roughy in the west coast South Island f ~ h e r y  
1985-86 to 199&91. TCEPR data only. Dotted line is 1000 m isobath. 



Figure 3 cntd: Positions of tows which targeted or caught orange roughy in the west coast South Island 
fishery 1991-92 to 199697. TCEPR data only. Dotted l i e  is 1000 m isobath. 



Figure 3 cntd: Positions of tows which targeted or caught orange roughy in the west coast South Island 
fishery 1997-98 to 1999-2000. TCEPR data only. Dotted line is 1000 m isobath. 



Figure 4: Unstandardised catch rates of tows which targeted or caught orange roughy in the west coast 
South Island f~shery 1985-86 to 1990-91. Circle area is proportional to tltow. TCEPR data only. Dotted 
line is 1000 m isobath. 



Figure 4 cntd: Unstandardised catch rates of tows which targeted or caught orange roughy in the west 
coast South Island fshery 1991-92 to 1996-97. Circle area is proportional to t/tow. TCEPR data only. 
Dotted line is 1000 m isobath. 



Figure 4 cntd: Unstandardised catch rates of tows which targeted or caught orange roughy in the west 
coast South Island fishery 1997-98 to 1999-2000. Circle area is proportional to titow. TCEPR data only. 
Dotted line is 1000 m isobath. 



1985 1990 1995 2000 

Year 

1985 1990 1995 2000 

Year 

Winter 

- .Spring 

Winter 

Figure 5: Unstandardised CPUE (mean daily catch rate) by season for the west coast South Island orange 
roughy f~hery.  
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Figure 6: Diagnostic plots from the log-linear model for ORH 7B. 
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Figure 7: Relative season effects for standardised regression of spawning period CPUE in ORH 7B. 
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Figure 8: Relative vessel effects for standardised regression of spawning period CPUE in ORH 7B. 
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Figure 9: Relative year effects for standardied log-linear regression of spawning period CPUE in ORH 
7B. Error bars represent +I- two standard errors. Unstandardied mean daily catch rates (t/tow) for the 
same data (Table 9) are scaled and plotted for comparison. 
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Figure 10: Alternative mid-year biomass trajectories for the west coast South IsIand orange roughy 
f~hery  with fits to standardised CPUE indices (indices scaled by q). See text for details of alternative 
model runs. Error bars show approximate 95% confidence intervals assuming log-normal errors with a 
C.V. of 0.30. 


