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EXECUTIVE SUMMARY 

A fishery for orange roughy developed on the Louisville Ridge in mid1994. This area is to 
the east of New Zealand, about 600 km outside the New Zealand 200 mile EEZ. 
Catch and effort summaries have been compiled for the New Zealand fishery using data 
from the Quota Management System (QMS). Estimates of catch are updated for fishing 
years 1996-97 and 1997-98, based on records from Trawl-Catch-Effort-Processing- 
Returns. 
Reported New Zealand catch increased rapidly from about 200 t in 1993-94, to peak at 
over 11 000 t in 1994-95, before decreasing to 9000 t in 1995-96, to 3000 t in 1996-97, 
and further to 1200 t in 1997-98. The level of effort in the fishery (both number of 
vessels and number of trawls) changed in a similar pattern. 
Australian effort was significant for the first two years of the fishery. Catch data are not 
available for 1993-94, but catch in 1994-95 reached about 2000 t. In 1995-96 this 
dropped to 50 t, and Australian vessels have not fished there since. 
Bycatch in the fishery of black ore0 (Allocyttus niger) and smooth ore0 (Pseudocyttus 
maculatus) has generally been small. 
Information on catch and effort of the New Zealand fleet is presented for three regions 
within the general fishery area. The fishery developed in the central region, where almost 
all the reported catch was taken in 1994-95. Fishing grounds to the north and south were 
also discovered, and in 1995-96 most catch was from the northern region. During 
1996-97 and 1997-98 the focus of catch shifted back to the central area. 
A detailed analysis of catch and effort data has been carried out, and standardised CPUE 
indices calculated. Both linear and binomial regression models were applied to the data. 
The main variables identified in the models having a significant effect on CPUE were 
fishing vessel and time of year. The models explained only about 10-15% of variance in 
CPUE. Relatively high, and variable, levels of unsuccessful tows (zero catch) mean the 
binomial model is more appropriate than a log-linear one. The former also gave a more 
consistent decline in the biomass index. 

INTRODUCTION 

2.1 Overview 

The Louisville Ridge is a chain of seamount and guyot features, extending for over 4000 km 
from the Kemadec Ridge southeastwards well to the east of the Chatham Islands. It is a 



"hotspot" chain of more than 60 volcanoes most of which rise about 4000m from the 
surrounding seafloor. The Ridge is outside the New Zealand EEZ in international waters. 

A fishery for orange roughy developed on the Louisville Ridge in 1994, mainly by Australian 
and New Zealand vessels. A general summary of the fishery through to the 1996-97 fishing 
year (1 October-30 September) was given by Clark (1998a, 1998b). In this report, data from 
New Zealand sources are updated for 1997-98 and a full standardised analysis of CPUE is 
undertaken to evaluate the usefulness of CPUE as an index of abundance for future stock 
assessment. 

This work was carried out by NIWA as part of the Ministry of Fisheries research project 
ORH9803 ("Orange roughy fisheries outside the EEZ)  for the 1998-99 year. 

3. REVIEW OF THE FISHERY 

3.1 Data sources 

Data on catch and effort are recorded by all New Zealand registered deepwater fishing 
vessels, including charter vessels, on Trawl-Catch-Effort-Processing-Returns (TCEPRs). 
These grve tow by tow information, with specific location, duration, and estimated catch for 
each trawl. These data are extracted from the Ministry of Fisheries catch-effort database for 
use in a number of orange roughy and ore0 fisheries. They have been loaded into a relational 
database at NIWA. This database was the source of all catch and effort information presented 
here. Other fishing return types (e.g., Catch-Effort-Landing-Returns) are not used in this 
fishery. Data were extracted from the NIWA database into an Excel spreadsheet for analysis. 
No data were available for other countries that have fished the area at times (e.g., China, 
Russia) except Australia. 

Data were error-checked. Obvious mistakes in position (e.g., large differences in start and 
finish coordinates) were corrected, as were positions well outside any other fished area where 
typing or recording mistakes could be resolved (by examining that vessels' tows in sequence). 
A large number of tows had rnisreported longitude, with east and west being mixed. This 
meant tows actually carried out on the Louisville Ridge were reported from off the west coast 
of the South Island, the Challenger Plateau and Lord Howe Rise. These mistakes were 
corrected before analysis: 

Fishing year No. tows corrected 
1993-94 28 
1994-95 313 
1995-96 249 
1996-97 41 
1997-98 53 

The more detailed scrutiny given the data for the standardised CPUE analysis, as well as more 
complete data for the 1996-97 fishing year, means that some of the catch totals and regional 
catch figures presented in this report differ from those given by Clark (1998a, 1998b). 



Information on Australian catches was provided by the Bureau of Resource Sciences (BRS, 
Canberra). Data for the 1995 calendar year were obtained from the principal fishing company 
working the Louisville Ridge. There was previously no requirement for vessels working 
outside the Australian EEZ to provide tow by tow logs to the Australian Fisheries 
Management Authority (AFMA), and so details are not readily available. The data from BRS 
are incomplete, in particular the last part of 1994, when it is believed that substantial catches 
were taken. No position coordinates were given, and so analysis beyond presentation of 
general catch totals has not been undertaken. On at least one occasion, an Australian vessel 
was chartered by a New Zealand company, and landed Louisville fish in New Zealand. New 
Zealand commercial fishing logbooks were used for this trip, and so the data are included in 
the New Zealand fleet analyses. 

Trawls on the Louisville Ridge have been clustered in three general areas for a number of 
analyses in this report (following the division by Clark 1998a, 1998b): 

North: from latitudes 35" S to 39.9" S, longitudes 165" W to 171" W. 
Central: latitudes 40" S to 44.9" S, longitudes 160" W to 167" W. 
South: latitudes 45" S to 50" S, longitudes 150" W to 159" W. 

3.2 Distribution of the fishery 

Fishing activity on the Louisville Ridge has extended from almost 30" S to over 45" S, and 
longitudes from 172" W to 155" W. The fishery is distant from those within the New 
Zealand EEZ, with separation of the Louisville Ridge grounds from those on the Chatharn 
Rise by about 600 km. Apart from two knolls on the 'Arrow Plateau' just inside the EEZ, 
there is deep water (over 1500 m) between the New Zealand shelf and slope waters and the 
Louisville Ridge. 

The distribution of trawls and catch rate (catch per trawl) of orange roughy are shown in 
Figure 1. There is a marked change between years. The fishery developed in the central 
region, and then expanded both north and south as new seamounts were worked. The 
distribution extended further during 1995-96 and 1996-97 with catches being taken from 
35" S, out to 155" W, a distance of about 1800 km. In 1997-98, fishing focused more in the 
central regions, with little effort in the south. 

3.3 Catch and effort in the fishery 

New Zealand vessels first fished the Louisville Ridge in the 1993-94 fishing year. Reported 
catches rose from about 200 t in that year, to over 11 000 t the following year (Table 1). 
Catches have since dropped to 8700 t, 3200 t, and 1200 t in the last three years. The 
Australian catch is believed to have been substantial in 1993-94 (primarily August- 
September 1994) when the fishery first developed. This increased to about 2000 t in 1994-95 
before Australian vessels left the fishery. Other nations (e.g., China, Russia) are known to 
have had vessels in the area, but their catch is unknown (although believed to be much less 
than the New Zealand catch). 



There was a marked decrease in New Zealand catch from the central regon between 1994-95 
and 1995-96, as the other grounds developed (Figure 2). Most catch in 1995-96 came from 
new grounds worked in the northern region of the Ridge, with southern hills also yielding 
good catch rates. Catches from the northern region have decreased in the last two years, and 
the south dropped in importance in 1996-97, and in the last year hardly featured at all. 

Oreos have been taken as bycatch in the fishery. Several hundred tonnes were caught in 
1994-95 and 1995-96, but reported catches were very small in 1996-97 and 1997-98. This 
is probably a reflection of the small effort in southern parts of the ridge, where most ore0 
(especially black oreo) had been taken previously (Clark 1998a). 

Table 1 :Reported catch (t) of orange roughy (ORH), smooth oreo (SSO), and black oreo (BOE) from the 
Louisville Ridge, 1993-94 to 1997-98 (AUS, Australia; NZ, New Zealand; figures are rounded to the 
nearest tonne, unspecified oreo (OEO) figures are added to BOE-SSO in the proportions declared for the 
two species.) 

YearRegion Aus ORH NZ ORH Total ORH SSO BOE 

199394 
Total 
North 
Central 
South 

1994-95 
Total 
North 
Central 
South 

1995-96 
Total 
North 

' Central 
South 

1996-97 
Total 
North 
Central 
South 

1997-98 
Total 
North 
Central 
South 



Figure 1: Distribution of New Zealand catch 
of orange roughy (catch per trawl) on the 
Louisville Ridge, 1993-94 to 1997-98 f~hing  
years (circle size proportional to catch, 
maximum = 80 t) 
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Figure 2: Reported catch (t) of orange roughy by year by area (New Zealand vessels). 

Levels of effort in the fishery have varied considerably between years and between regions. 
Summary statistics of annual catch and effort data are given in Table 2, covering number of 
vessels, tows, catch, and averages for catch per tow, depth of trawl, distance towed, and 
vessel tonnage. 

Table 2: Summary of orange roughy catch and effort data for New Zealand vessels in the Louisville Ridge 
fshery, 1993-94 to 1997-98 (number of vessels with 2 10 tows in parentheses; No, number; Av, average) 

Fishing year 1993-94 1994-95 1995-96 1996-97 1997-98 

No. tows 
No. vessels 
No. tows ORHtarget 
No. tows zero catch 
ORHcatch (t) 
Av. catch ORH (tltow) 
Av. depth(m) 
Av. distance (n.m) 
Av. vessel tonnage 

Data on levels of catch and effort (represented by number of trawls) by month for the three 
regions are presented in Table 3. The northern area developed in 1995-96 with large catches 
in the winter months and high levels of effort each month between January and July. Catches 
and CPUE in the last two years have dropped, although there is still reasonable effort being 
applied in June and July. The central region has consistently had the most effort, and yielded 
most of the catch. Initially catches were large throughout much of the year, but, as typically 
seen in new fisheries for orange roughy, catches outside the spawning season are not 
maintained for long. Monthly catch rates started to decrease in 1995-96, and effort in months 
other than June and July dropped, and have been at relatively low levels since 1996-97. 



Fishing in the southern area has been sporadic. Most trawls, and catch, have occurred in July 
and August. During 1997-98, the area was not fished. 

Table 3: Summary of catch (t) and effort (number of tows (Nt)) of New Zealand'vessels by month by 
region on the Louisville Ridge. CPUE is given as tonnes per tow, where >10 trawls were carried out; 

Arealmonth 1993-9 
t Nt CPUE 

North 
Oct 0 
Nov 0 
Dec 0 
Jan 0 
Feb 0 
Mar 0 
Apr 0.1 2 
May 0.1 2 
Jun 0 
Jul 0 
Aug 0 
Sep 1.0 3 

Central 
Oct 0 
Nov 0 
Dec 0 
Jan 7.3 2 
Feb 0 
Mar 0 
A P ~  0 
May 0 
Jun 0 
Jul 107.4 52 2.1 

South 
Oct 
Nov 
Dec 
Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
S ~ P  

1994-95 
t Nt CPUE 

1995-96 
t Nt CPUE 

Daily values of catch and effort are plotted in Figure 3. 

1996-97 
t Nt CPUE 

1997-98 
t Nt CPUE 
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Figure 3: Catch rate profiles (tltow) for orange roughy in the Louisville Ridge fshery (New 
Zealand vessels) by fshiig year. (axis mark denotes the start of the labeled month.) 



3.4 Catch per unit effort analyses 

3.4.1 Unstandardised CPUE 

Previous accounts of the fishery by Clark (1998a, 1998b) have not analysed CPUE in detail 
given the short duration of the fishery, and variation between years in the level of effort. 
However, unstandardised CPUE was examined, and this analysis based on mean catch per 
trawl (i.e., total catch divided by number of tows) is updated for 1997-98 in Table 4. 

All fishing grounds show considerable reductions in CPUE from peak values between 
1994-95 and 1995-96. Catch rates in 1997-98 were slightly higher than in 1996-97. The 
magnitude of these catch rates is, however, much lower than normally experienced in the first 
few years of the main New Zealand orange roughy fisheries. 

Table 4: Average catch rate (t per tow) of orange roughy by New Zealand vessels from the Louisville 
Ridge, 1993-94 to 1997-98, and by sub-area. 

Area 1993-94 1994-95 1995-96 1996-97 1997-98 

Total 
North 
Central 
South 

The frequency of catches by size has been examined over the last four years of the fishery 
(Figure 4). There has been a steady increase in the proportion of small catches, with catches 
of less than 1 t rising from 65% of all tows in 1994-95 to over 80% in 1997-98. Intermediate 
catch sizes (1 to 10 t) have decreased in frequency, especially during the last fishing year. 
Large catches (20 t or more per trawl) have remained similar over time. 

0-1 t 1 -5t 5-1 Ot 10-20t >20t 

Catch size (t) 

Figure 4: Plot of catch size frequency per tow of orange roughy by New Zealand vessels for five catch 
levels during the last 4 years of f~hing.  



3.4.2 Standardised CPUE 

A standardised CPUE analysis was carried out, based on stepwise multiple regression 
methods described by Field (1992) and Vignaux (1994, 1997). 9 

i. Model selection 

Catch per distancc towed was used as the dependent variable. Although the fishery is focused 
on seamounts of thc Louisville Ridge, the size of these varies considerably, as does the 
possible trawl duration along the top and down the sides. Therefore, although catch per tow is 
often used in this type of fishery assessment (e.g., Field (1992)), here it was felt appropriate to 
use a more robust estimate of catch rate. This was derived from a tow duration times speed 
calculation, as recorded tow positions were not sufficiently accurate to be meaningful with 
short tows. 

The data generally contained a high proportion of zero catches (40%, 34%, 38%, 36%, 51% 
in the years 1993-94 to 1997-98 respectively), and therefore it was likely that a standard log- 
linear model would not be as appropriate as a "combined model" in which zero and non-zero 
components are modelled separately and then combined. The combined index is calculated 
from the linear and binomial indices (Vignaux 1997): 

where CI is the combined index in the irh year, P(0) is the proportion of unsuccessful catches 
in the base year of the index, BI is the binomial index in the ih year, and Lr is the linear index 
in the irh year (both the latter expressed as the exponential of the year coefficient). 

However, because the proportion of zero tows was reasonably constant between years, and 
also because the primary purpose of the analysis was to investigate whether CPUE indices 
can be useful as indicators of abundance, it was felt worthwhile to include the log-linear 
model for comparison. 

Two models were created: 

1 : Log-linear (all months). 
2: Combined log-linearlbinomial (all months). 

For the linear regression, a log transformation was made on catch per tow with a small catch 
(1 kg) assigned to zero orange roughy catches. The dependent variable was either 
log(t/n.mile) or binomial (0,1), and the same set of predictor variables was tested in each 
model (Table 5). 

The suitability of the final model was checked with a number of diagnostic plots to test the 
assumption of normality of residuals (QQ plot), and the ability of the model to predict high 
and low observed values (plots of observed/residuals versus fitted values). 4 i 



Table 5: Summary of independent variables tested in each model. 

Variable 
Year 
Vessel 
Month 
Area 
Depth 
Duration 
Distance 
Start time 
Finish time 
Speed 
Longitude 
Latitude 
Vessel tonnage 
Vessel power 
~ e ~ t h ~  
Vessel tonnage3 
Vessel p w e ?  
Tow distance3 

Type 
Categorical 
Categorical 
Categorical 
Categorical 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Polynomial 
Polynomial 
Polynomial 
Polynomial 

Description 
Fishing year 
Vessel identification no. 
Month in which tow occurred 
Area in which tow occurred 
Depth (m) of groundrope at start of tow 
Elapsed time of tow 
Distance (nm) of tow 
Time (decimal hours) at start of tow 
Time (decimal hours) at end of tow 
Speed (kts) of vessel at start of tow 
Decimal longitude at start of tow 
Decimal latitude at end of tow 
Gross tonnage of vessel 
Vessel power (kw) 
Depth of tow (cubed) 
Vessel tonnage (cubed) 
Vessel power (cubed) 
Tow distance (cubed) 

Interactive terms were not considered in the model, as sensible combinations of terms were 
not apparent from the available variables or from the nature of the fishery. 

Model 1: Log-linear 
All records were included in this model and an automatic stepwise regression (forwards then 
backwards) was run with year entered into the model. The 1994-95 fishing year was chosen 
as the base year, as the fishery was developing during the 1993-94 year. The improvement in 
$ required for a variable to be added to the model was set at 0.5%. All variables in Table 5 
were tested, resulting in the following model: 

CPUE = constant + year + vessel + month 

Year explained very little of the variability in CPUE at only 0.3% (Table 6). Vessel (an 
individual vessel identifier) and month were the best predictor variables improving 2 by 
5.6% and 3.5% respectively. No other variables improved the fit by the required 0.5%. The 
final value of 9.5% is low, indicating that the model is not able to account for much of the 
variability in catch rate, and is a relatively poor fit to the CPUE data. 

Table 6: Predictor variables and cumulative Z? in stepwise regression for log-linear model 

Step Variable Z? (%) 
1 Year 0.3 
2 + vessel 6.0 
3 + month 9.5 

The regression coefficients and relative year effects (indices) are shown in Table 7. The 
indices are the exponential of the coefficients, and are scaled to the base year. The indices 
show a strong decline in value over the four years, reflecting a drop in CPUE. There is a drop 
by one half between the first and second years, then a similar level between 1995-96 and 
1996-97 before another drop by about one-half. This bbjerky" behaviour of the index is 



perhaps expected to an extent for the first period, given the large catch taken in 1994-95, but 
not so for the last decline. 

Table 7: Year indices of CPUE with standard deviation, and regression coefficients for the log-linear 
regression, n, sample size 

Regression 
Year Coefficient Year index S.D. 
1994-95 1 .OOO 0.0 
1995-96 -0.57 0.564 0.05 
1996-97 -0.77 0.463 0.05 
1997-98 -1.66 0.190 0.03 

Model 2: Combined log-linearlbinomial 

The principal method of dealing with zero catches is to split the zero and non-zero tows. A 
log-linear regression was used on successful tows only and a second, binomial regression 
used to examine how the success rate of tows changed from year to year (after Vignaux 1994, 
1997). This model again used all records and produced two separate sets of indices, which 
were then combined. 

A: Log-linear component 
Records with a zero orange roughy catch were excluded and a stepwise regression (forwards 
then backwards) was run with year forced into the model. The improvement in l? required for 
a variable to be added to the model was set at 0.5%. All variables in Table 5 were tested, 
resulting in the following model: 

CPUE = constant + year + vessel + month 

Results are similar to those from the full log-linear model. Year remained a poor predictor of 
CPUE. Vessel was the best explanatory variable (12% improvement in R ~ ) ,  followed by 
month (Table 8). No other variables showed significant explanatory power. The overall R~ 
value for the model is low (15.8%) indicating that the causes of variability in CPUE are not 
well explained by this part of the model. 

Table 8: Predictor variables and cumulative Zt2 in stepwise regression for log-linear model (successful 
tows) 

Step Variable & (9%) 
1 Year 0.7 
2 vessel 12.5 
3 month 15.8 

B: Binomial component 
All records were used for this part of the model. Records were coded 0 or 1 according to 
whether the tow caught orange roughy (0) or not (1). The dependent variable then becomes a 
vector of 0s and 1s. The same set of independent variables was tested as for the log-linear 
model (part A) and a stepwise regression run with year forced into the model. The 



improvement in R~ required for a variable to be added to the model was set at 0.5%. The 
automatic procedure resulted in the following model: 

BIN = constant + year + vessel + month 

The R* values for the binomial model are very low (Table 9), with the value for the final 
model (5.8%) about half that of the log-linear model (part A). The same predictor variables 
are chosen. 

Table 9: Predictor variables and cumulative R' in stepwise regression.-for binomial model 

Step Variable R? (%) 
1 Year 0.5 
2 vessel 3.5 
3 month 5.8 

The indices from parts A and B of the model were combined to produce year indices for the 
model as a whole (Table 10). The indices from the log-linear part of the model are similar to 
those calculated from the log-linear model on all records, and have marginally lower errors. 
The indices from the binomial part of the model are related to the probability of making a 
zero catch tow and so in a declining fishery will show a trend of increasing value over time, 
as is the case in this model. 

Table 10: Year indices of CPUE from the combined log-linear/binomial model, standard deviations in 
parenthesis 

Year (A) Log-linear index (B) Binomial index Combined index 
1993-94 
1994-95 1.00 (0) 1 .OO (0) 1 .OO 
1995-96 0.61 (0.04) 1.36 (0.09) 0.55 
1996-97 0.44 (0.04) 1.28 (0.10) 0.4 1 
1997-98 0.52 (0.07) 2.73 (0.29) 0.33 

CPUE indices are also graphed in Figure 5, which clearly shows the trend in indices. 

Regression diagnostics for the log-linear component of the combined model are shown in 
Figure 6. These show relatively good model performance, with no major violations of 
normality assumptions. 
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Figure 5: Plot of trends in CPUE indices (dotted line, binomial; dashed, log-linear component; solid, 
combined). 

4. DISCUSSION 

Year indices from CPUE analyses are frequently used in stock assessment of orange roughy 
in New Zealand (e.g., Field et al. 1994, Clark & Field 1995, Field & Clark 1996, Harley 
1999) where it is assumed that changes in commercial catch rates reflect changes in stock 
size. However, such data have sometimes proved inappropriate for this (e.g., Doonan 1991). 
The tight aggregation behaviour of orange roughy for spawning or feeding can mean 
saturation of catch which maintains high catch rates in the face of decreasing stock size, but 
conversely fishing can disturb and break up schools whlch means CPUE underestimates stock 
change (Clark 1996). Technological advances (e.g., GPS navigation, electronic aids, gear 
improvement) and individual skipper skill can further confuse the results of CPUE analyses 
(Clark 1996). This is seen here with individual vessel generally being the most significant 
factor affecting CPUE, while physical characteristics (e.g., tonnage, power) were 
unimportant. GPS coverage and electronic equipment have been relatively constant during the 
years of this fishery, and hence it is probably skipper and crew skills in gear set-up and 
fishing operation that are the cause of this difference. 

The distribution of effort has varied in the Louisville Ridge fishery. The number of trawls and 
their geographical location has changed over time. Vessel composition has also fluctuated. 
Although 41 vessels have worked in the fishery, only 2 have been involved for each of the 5 v 

years of the fishery, a further 3 for 4 years. The value of using these vessels as a core group is 
uncertain, but could be warranted in further investigations. 
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Figure 6: Diagnostic plots for the log-linear component of the combined model for the Louisville 
Ridge orange roughy fshery. 



Nevertheless, the amount of data available from the fishery each year has been considerable, 
and it is felt the CPUE data used probably do reflect general changes in orange roughy 
abundance. However, the amount of variance in the overall data set explained by the model is 
low. The relative year effects have been estimated with relatively high precision for this type 
of analysis, with two standard deviations ranging from 13 to 27% of the corresponding index. 

Y 

A factor which has not been considered in the model is the amount of effort. This is 
potentially important in situations where an aggregation on a small seamount feature is being ii 

heavily worked. Disruption of the aggregation is likely, and, if effort continues after dispersal, 
CPUE may not be representative of abundance. It is a difficult aspect to include, and was 
beyond the scope of this preliminary evaluation of CPUE, but it is suggested that future 
analyses try to account for the number of tows, or number of vessels, in an area. The Working 
Group also suggested that future work include a model based on data from the winter months 
only of the fishery. 

Stock assessment has not been carried out for the Louisville Ridge fishery, and there are no 
estimates of biomass and yield. However, the change in the overall CPUE indices suggests 
that any "fishing down" phase is probably complete. The level of fishing pressure on some of 
the main grounds has been intense, with a large number of vessels and trawls being carried 
out in a small area. Seamount fisheries generally do not sustain high catch rates or large 
catches for more than a few years (Clark, in press), and particular care is needed with their 
management. The fishery on the Louisville Ridge is unregulated, and hence it will require 
some self-regulation by the New Zealand fishing industry itself to reduce the risks of 
overexploitation of this fishery. 
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