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EXECUTIVE SUMMARY 

O'Driscoll, R.L. (2003). Catch-per-unit-effort analysis of orange roughy fisheries outside the 
New Zealand EEZ: Lord Howe Rise and Northwest Challenger Plateau to the end of the 2001- 
02 fshing year 

New Zealand Fisheries Assessment Report 2003B6. 38 p. 

This report updates information on catch and effort by New Zealand vessels fishing outside the EEZ 
on the Lord Howe Rise and Northwest Challenger Plateau up to the end'of the 2001-02 fishing year. 

A fishery for orange roughy developed in the mid Tasman Sea, about 100-200 km outside the New 
Zealand EEZ, in 1988. The fishery began on Lord Howe Rise, but has progressively shifted to the 
Northwest Challenger Plateau. Orange roughy are taken by New Zealand, Australian, and foreign 
(non-Australasian) vessels. In the first four years of this fishery most of the total catch (400-4000 t) 
was caught by foreign vessels. Reported annual catch by New Zealand vessels peaked in 1992-93 at 
3845 t, decreased to between 270 and 940 t h m  1995-96 to 1999-2000, and has increased again to 
1140 t in 2000-01 and 1925 t in 2001-02. Reported catch by Australian vessels decreased fiom 572 t 
in 2000-01 to 221 tin 200142. 

Effort by New Zealand vessels on the Lord Howe Rise in 2001-02 was the highest since 1993-94 
with 199 tows reported, an increase in effort of 35% &om 2000-01. However, the catch of 110 t in 
2001-02 was less than the 149 t reported in 2000-01. As in 2000-01, most effort and catch in 2001- 
02 was in July. Unstandardised catch rates on Lord Howe Rise in 2001-02 declined fiom 1.1 tltow in 
2000-01 to 0.6 tltow in 2001-02. This decline was largely driven by a drop in catch rates during July, 
£ram 2.7 tltow in 2000-01 to 0.7 tltow in 2001-02. 

Effort by New Zealand vessels on Northwest Challenger in 200142 was the highest in the history of 
the fishery with 2353 tows by 22 vessels recorded on TCEPR and CELR. This represented a doubling 
of effort since 2000-01 (1039 tows by 13 vessels). The New Zealand catch of 1816 t in 2001-02 was 
the second highest ever, exceeded only by the catch in 1992-93. Catch and effort on Northwest 
Challenger were concentrated in May-June, but there has been some fishing in all months since 
November 2000. The mean catch per tow on Northwest Challenger was 0.9 tltow in 2000-01 and 
0.8 tltow in 2001-02. Average tow duration has increased in the last two years, h m  less than 1 h in 
1990-2000 to 2.6 h in 2000-01 and 3.9 h in 2001-02, as the fishery has spread away from the 
traditional hill areas onto the flat. Consequently the catch rate in tomes per nautical mile (tlnmi) has 
decreased to 0.5 tlnrni in 2000-01 and 200142, the lowest since 1993-94. 

Standardised CPUE analyses were carried out for Lord Howe and Northwest Challenger separately. 
Data *om Lord Howe Rise were very patchy and were not thought to be adequate for estimating 
abundance in that fishery. The standardised CPUE index from core vessels on the Lord Howe Rise in 
2001-02 was only 2.7% of the index in the peak year of the fishery in 1991-92. Standardised CPUE 
from core vessels in all seasons on Northwest Challenger increased over time, with the last two years 
of the fishery having the highest values. This was opposite to the decreasing trend in unstandardised 
catch rates. Interpretation of CPUE as an index of abundance for Northwest Challenger was 
confounded by the changes in fishing behaviour over the course of the fishery. A second standardised 
CPUE series was generated using short (hill) tows by core vessels in June (peak spawning). CPUE 
indices &om this subset of data have decreased fiom a peak in 1994-95, and were at about 16% of 
peak levels in 200142. This series may provide a better index of stock size, but was based on a 
relatively small amount of data (only 13% of the total effort). 



1. INTRODUCTION 

1.1 Overview 

This report summarises commercial catch and effort information for the Lord Howe Rise and 
Northwest Challenger orange roughy fisheries. The previous descriptive analysis of Clark & 
O'Driscoll (2002) is updated with the inclusion of data up to the end of the 200142 fishing year. 
Unstandardised and standardised catch-per-unit-effort (CPUE) indices are calculated for Lord Howe 
Rise and Northwest Challenger Plateau separately, and the suitability of these indices as estimates of 
abundance of orange roughy in the fisheries is discussed. This work was carried out by NIWA as part 
of the Ministry of Fisheries project ORH200U03 (Stock assessment of orange mughy fisheries 
outside the New Zealand EEZ). It covers the part of Objectives 1, 2, and 4 that refer to the mid 
Tasman Sea (Lord Howe Rise and Northwest Challenger) stock The specific objectives were as 
follows. 

Objective 1. To update descriptive analyses of commercial catch and effort data fiom orange mughy 
fisheries in the mid Tasman Sea with the inclusion of data up to the end of the 200142 
fishing year. 

Objective 2. To update standardised and unstandardised CPUE analyses for orange roughy fisheries 
in the mid Tasman Sea with the inclusion of data up to the end of the 2001-02 fishing 
Year. 

Objective 4. To update the stock assessments for the mid Tasman Sea if the standardised CPUE 
analyses provide feasible relative abundance indices for these fisheries. 

1.2 Description of the fishery 

The Lord Howe Rise extends from the northwestern margin of the Challenger Plateau, off the west 
coast of New Zealand, out to Lord Howe Island in the westem Tasman Sea. The ridge is mostly in 
international waters, although it does extend into both the Australian and New Zealand EEZs. A major 
fishery for orange roughy developed on the Lord Howe Rise in 1988, and has progressively shifted to 
the Northwest Challenger Plateau (Figure 1). A number of countries fished the area in the late 1980s, 
but during the 1990s it has been fished mainly by New Zealand and Australian vessels. The fishery 
has been subject to ongoing management discussions between New Zealand and Australian 
government officials. 

Total catch has varied between years from 400 t to about 5000 t (Table 1). The level of catch by 
foreign (non-Australasian) vessels is unknown since 1991. However, few foreign vessels have been 
sighted on or near the grounds by scientific observers on board the Australasian vessels, so it is 
thought that the foreign catch is small (Clark 1998a). 

1.3 Literature review 

The fishery has been described in various assessment documents by Clark (1990, 1993, 1998a, 
1998b), Clark & Tilzey (1996), Field (2000), O'Driscoll (2001a), and Clark & O'Driscoll (2002). 
These reports include summaries of commercial catch and effort data from New Zealand vessels, 
together with biological data on size structure and reproduction. A stock reduction analysis using 
CPUE indices to estimate biomass and indicate yields was carried out by Clark & Tilzey (1996). Field 
(2000) and O'Driscoll (2001a) attempted similar stock reduction modelling including more recent 
data, but were not able to update estimates of virgin biomass. CPUE indices were not thought to be an 
appropriate estimate of abundance for Lord Howe and CPUE indices from the Northwest Challenger 
showed no decreasing trend over time. 



Aspects of stock structure were examined by Haddon & Willis (1995) who used morphometric and 
meristic characteristics to describe differences between orange roughy from the Lord Howe Rise and 
Puysegur Bank (to the south of the South Island). DNA fmgerprints were compared between Lord 
Howe Rise and Chatham Rise fish by Baker et al. (1992), who found considerable genetic variation 
within grounds that confused interpretation of regional differences. Smith (1997) analysed allozyme 
frequency and mitochondria1 DNA data from a number of fisheries in the Tasman Sea. He reported 
differences in fish from Lord Howe Rise and the Northwest Challenger Plateau, as well as between 
orange roughy from northwest and southwest Challenger Plateau fisheries. 

2. ANALYSIS OF THE FISHERY 

2.1 Location of the fisheries 

Lord Howe Rise and Northwest Challenger are treated as separate fisheries in this report, and data 
were analysed by region. 

2.1.1 Lord Howe 

Lord Howe Rise is a broad platform at about 950-1000 m depth that extends from the northwest 
comer of the Challenger Plateau to Lord Howe Island. Fishing occurs on several regions of flat 
bottom (e.g., Sanford Flats), as well as around an area of short, steep foul ground (How Foul) with 
small pinnacles. For the purposes of this report the boundaries were &tined as 35°00'-36"45' S and 
164°00'-167000' E (Figure 1). 

2.1.2 Northwest Challenger 

Northwest Challenger is an area of numerous pinnacles and patches of rough ground on the 
northwestem comer of the Challenger Plateau. The pinnacles are generally quite small and steep- 
sided, rising from surrounding slope depths of 1000-1100 m to depths of 600-900 m. Some of the 
main fishing features include Easy St, Mt Longva, Mt Oscar, and Ayers Rock In early reports (Clark 
& Tilzey 1996, Clark 1998a, Field 2000), the boundaries of the Northwest Challenger fishery were 
defined as 36°50'-38000' S and 167°00'-169000' E, but the area fished has increasedin recent years. 
O'Driscoll(2001a) shifted the western boundary from 167'00' to 166'00' E and Clark & O'Driscoll 
(2002) the eastern boundary from 169'00' to 170°00' E to encompass the increasing spatial extent of 
the fishery. In this report, I use the boundaries defined by Clark & O'Dnscoll (2002): 36"50'- 
38"OO' S and 166"OO'-17O000' E (Figure l), but excluding tows that fell within the New Zealand 
EEZ. 

2.2 Data sources 

Most catch and effort data from New Zealand registered deepwater fishing vessels, including charter 
vessels, are recorded on trawl-catch-effort-processing-returns (TCEPR). These give tow-by-tow 
information, with location and estimated catch for each trawl. Up-to-date data from a number of 
orange roughy fisheries were extracted from the Ministry of Fisheries catch-effort database and 
loaded into a relational (Empress) database at NIWA in December 2002. Data used for the analyses in 
this report were extracted from the NIWA dw cdb database. All records that caught andlor targeted 
orange roughy in the Lord Howe or ~orthwest Challenger regions (see Section 2.1 for area 
defmitions, Figure 1) were extracted for the fishing years 200W1 and 200142. Data for 200142 
may be incomplete due to forms not yet supplied by fishing vessels and records not yet entered into 
the Ministry database. 



In 2001-02, two small (27 m) vessels reported catch and effort data !?om the Lord Howe and 
Northwest Challenger region on catch, effort and landing return (CELR) forms. One of the vessels 
concerned later switched to reporting on TCEPR forms in August 2002. 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, and this is the first instance of data recorded on CELR 
from the Lord Howe and Northwest Challenger orange roughy fishery. CELR data were included in 
catch and effort summary tables, but could not be plotted because there was only daily position 
information, and were not used in calculating standardised or utlstandardised CPUE indices. 

A total of 190 tows representing 110 t of orange roughy catch from Lord Howe Rise were reported on 
TCEPR forms in 2001-02, with a further 9 tows and less than 1 t of catch on CELR forms. There 
were 2076 tows and 1609 t of orange roughy catch on TCEPR forms from Northwest Challenger in 
2001-02, and another 277 tows for 207 t in on CELR Final estimates of catch and effort on the 
Northwest Challenger in the 200M1 fishing year were slightly higher than those reported by Clark & 
O'Driscoll(2002), with 1039 tows and 989 t of catch reported on TCEPR 

New Zealand catch and effort 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 e m  that couldn't be resolved or 
corrected were excluded from further analyses. 

Australian caXch totals and limited effort' statistics were. provided by the Australian Fisheries 
Management Authority (AFMA) through the Bureau of Rural Sciences (Canberra). Because of 
commercial sensitivity, Australian data are summarised by area pable 2), but are not presented or 
plotted in greater detail. 

2.3 Catch and landing data 

The total annual catch from the mid-Tasrnan Sea fisheries has varied from 400 t in 1990-91 to about 
5000 t in 1992-93 (Table 1). Before 1991-92 much of the orange roughy was taken by foreign 
vessels. New Zealand vessels have accounted for most of the reported landings since 1992-93, with 
variable levels of catch ( M 0 %  of total) by Australian vessels (see Table 1). 

In the Lord Howe region, the catch by New Zealand vessels has be& variable, peaking in 1988-89 
and 1992-93 and then declining to low levels from 1994-95 to 1999-2000 (see Table 1). New 
Zealand interest in the Lord Howe Rise fishery increased again in 200M1 with the catch of 149 t the 
highest since 1993-94, and over four times the catch in 1999-2000. In 2001-02 the New Zealand 
catch from the Lord Howe Rise declined to 1 11 t, but was still the second highest since 1993-94. 

New Zealand catches fiomNorthwest Challenger were low until 1992-93 when they peaked at 2365 t 
(see Table 1). Between 1995-96 and 1999-2000 catches were less than 1000 t, but increased rapidly 
to 989 t in 200M1 and 1816 t in 2001-02 (see Table 1). This increase has coincided with the closure 
of the Challenger (ORH 7A) fishery inside the New Zealand EEZ in 2000-01. The New Zealand 
catch from Northwest Challenger in 2001-02 was the second highest in the history of the fishery, 
exceeded only by the catch in 1992-93. 

Catches of orange roughy by Australian vessels in 2001-02 were 221 t, a decline of 61% kom the 
572 t taken in 2000-01 (see Table 1). Most of the decrease in Australian effort was on the Lord Howe 
Rise, with only 11 tows and 10 t of catch in 2001-02, down from 88 tows for 288 t in 2000-01. The 
Australian catch of 212 t from the Northwest Challenger Plateau in 2001-02 had also decreased from 
284 t in 2000-01, and was only 12% of the New Zealand orange roughy catch from this area. 



2.4 Catch effort data 

A total of 3376 tows representing 53 individual vessels were present in the groomed (error-checked) 
TCEPR and CELR data from Lord Howe Rise (Table 3), and 9324 tows by 60 vessels from 
Northwest Challenger (Table 4). The fishery in both areas has been dominated by New Zealand 
registered vessels (84% of tows in Lord Howe and 81% of tows in Northwest Challenger), although 
there was some effort by vessels registered in Norway (14% of all tows), Korea (2%), Russia (I%), 
Japan (I%), Belize (I%), and Panama (under 1%). In the last two years all effort has been by 
domestic registered vessels. Almost all tows (99.5%) targeted orange roughy. 

Tows were relatively long (3 h) in the early years (1988-91) of the Lord Howe fishery when most 
fishing effort was on the flat ground of the broad platforms (see Table 3). There was then a trend 
towards shorter tows (less than 1 h) from 1991-98 associated with a shift to fishing on the foul ground 
in the area. Short tows are still used on Lord Howe, with mean tow duration in the last three fishing 
years between 0.7 and 1.1 h (see Table 3). As for Lord Howe, tow duration and distance on Northwest 
Challenger were long in the first two years of the fishery, but decreased as fishing shifted to hill 
features P b l e  4). From 1992-93 to 1999-2000, mean tow duration was relatively constant at 
between 0.7 and 1.1 h. There was a major increase in tow duration from 1.0 h in 1999-2000 to 2.6 h 
in 2000-01, and a fmther increase to 3.9 h in 2001-02. The increase in tow length was associated with 
changes in the spatial pattern of the fishery (see Section 2.4.1), with effort moving away from the hills 
on to flat areas to the east. 

Umtandardised catch rates were expressed as t m e s  per tow, tonnes per hour, and tonnesper nautical 
mile (Tables 3 4 ) .  Unstandardised catch rates on Lord Howe Rise in 2001-02 (mean of 0.6 thow) had 
decreased from the recent peak of 1.1 t/tow in 2000-01, but were higher than unstandardised catch 
rates from 1995-96 to 1999-2000. Catch rates in 2000-01 and 2001-02 were strongly influenced by 
catches in July (see Section 2.4.1). The mean catch per tow on Northwest Challenger was 0.9 thow in 
2000-01 and 0.8 t/tow in 2001-02, which were similar to the unstandardised catch rates from 1992- 
93 to 1999-2000 (0.6-1.3 Vtow). However, because of the increase in tow duration since 2000, the 
catch rate in tonnes per nautical mile (tlnmi) has decreased fiom 2.0 t / d  in 1997-98 to 0.5 Vnmi in 
both 2000-01 and 2001-02. Peak catch rates in both areas were in 1991-92, with current (2001-02) 
catch rates between 10 and 30% of peak levels. 

2.4.1 Seasonal and spatial distribution of catch and effort 

Catch and effort in both Lord Howe (Tables 5-7) and Northwest Challenger (Tables 8-10) were 
historically concentrated during the winter spawning period (May-July). This seasonal pattern was 
maintained on Northwest Challenger in the two most recent years, with 57% of effort in 2000-01 and 
56% of effort in 2001-02 during May-June (Table 8). However, the orange roughy fishery now 
occurs year-round, with fishing in all months since November 2000. Peak catches on Northwest 
Challenger in 2001-02 were taken in June (Table 9), with highest catch rates in February, March, 
June, and July (Table 10). 

The seasonal distribution of effort on Lord Howe Rise has been patchy since 1994-95 (see Table 5). 
In 2000-01 there was significant effort in July (48 tows) for the first time since 1993-94, and 89% of 
the catch was taken in this month (Table 6). Catch rates on Lord Howe Rise in July 2001 were high 
(2.7 tkow) suggesting that fishing was on spawning aggregations. Fishing on the Lord Howe Rise in 
200142 was also concentrated in July with 65% of the effort and 80% of the catch taken in this 
month. However the catch rate of 0.7 Vtow in July 2002 was much lower than in 2001. Catch rates in 
other months were also low (see Table 7). 

The fishery began on Lord Howe Rise in 1988, but has progressively shifted to the Northwest 
Challenger Plateau, where effort was historically concentrated on two main hill complexes (Figure 



2). As already noted, fishing on Northwest Challenger extended further east in 1999-2002 than in 
previous years, with tows recorded right up to the boundary of the EEZ (Figure 2). 

The size of catches from individual tows in Lord Howe was maintained until 1993-94, after which 
catches decreased abruptly and were at very low levels until 2000-01, when there were four catches 
greater than 10 t in July (Figure 2). Maximum catches at Lord Howe in 2001-02 were lower than in 
2001-02, with only 7 tows (4%) catching more than 5 t. The size of catches from individual tows in 
Northwest Challenger was relatively stable from 1991-92 until 1995-96, and have since decreased, 
although s e d  very large catches (greater than 25 t) were taken in Northwest Challenger in the 
1998-99 fishing season (Figure 2). In the two most recent years only 2-5% of catches in Northwest 
Challenger were more than 5 t, with a maximum catch in 200142 of 28 t. 

3. CPUE ANALYSES 

3.1 Input data 

Not all groomed data were included in CPUE analyses. CPUE indices were calculated using a subset 
of data thought to represent more consistent levels of effort. Selection criteria in this report were more 
restrictive than those used previously by O'Driscoll (2001a) and Clark & O'Driscoll (2002) which 
were based on all vessels with more than 10 tows over the history of the fishery. Here, input data were 
restricted to a group of core vessels in each fishery which had carried out 10 or more tows targeting 
orange roughy in each of at least two years to reduce the effect of novice vessels on the catch rate. In 
the 6rst four years (1988-89 to 1991-92) of fishing at Northwest Challenger effort was low with 4-56 
tows carried out per year (see Table 4), so these years were excluded from the analysis. Lord Howe 
also had a high variation in effort between years (see Table 3), but it was not possible to restrict the 
CPUE analyses to a period of relatively consistent effort and all years were included. The CPUE input 
data consisted of 2026 tows by 16 core vessels from Lord Howe (Table 11), and 6900 tows by 25 core 
vessels from Northwest Challenger (Table 12). 

Selected core vessels accounted for 60% of the effort and 68% of the catch on the Lord Howe Rise 
and 74% of the effort and catch from Northwest Challenger. . n e  annual distribution of tows by core 
vessels is shown in Figures 3-4. No vessels have fished in either area over the entire time period, but 
there were sufficient linkages between years to allow a standardised CPUE analysis on this subset of 
data. 

Because catches showed a distinct seasonal pattern (see Table 9), a second set of CPUE indices for 
Northwest Challenger was calculated from a cropped data set of only tows less than 1 h conducted 
during June (peak spawning). Again only those core vessels which had carried out more than 10 
trawls in each of at least two years were included. It was thought that these data might be a better 
index of orange roughy abundance at the time of greatest availability. The cropped data contained 
1317 tows by 14 vessels (Figure 4), representing 13% of the total effort and 27% of the total catch in 
the Northwest Challenger fishery (Table 13). Most of the tows in the June dataset were concentrated 
on the two main hill complexes (Figure 5). 

It was not possible to crop the Lord Howe Rise data to look at catch rates during the spawning season 
only because there were very few or no tows in this period in some years (see Table 5). 

Unstandardised catch rate was measured as both catch per tow and catch per nautical mile. For 
standardised analyses, catch rate (the dependent variable) was modelled as tomes per tow, with tow 
duration as a potential predictor variable (see Section 3.2.2). 



3.2 Methods 

3.2.1 Unstandardised CPUE 

Mean unstandardised catch rates were calculated for the three data sets described above and are 
summarised in Tables 11-13 and Figures 6-7. Results are discussed in Section 3.3 in conjunction with 
results &om standardised analyses. 

3.2.2 Standardised CPUE 

Standardised CPUE analyses were carried out using a stepwise multiple regression technique 
(Vignaux 1994, 1997). As the data generally contained a large proportion of tows with zero catch 
pables 11-13), a standard log-linear model was not appropriate. The model used was the "combined 
model" described by Vignaux (1994). This approach models the success of all tows using a binomial 
model (successful tows denoted as 1, unsuccessful tows denoted as 0). A tow was considered 
unsuccessful if it had no reported catch of orange roughy. The catch rate (tltow) of successful tows 
only was then modelled using a log-linear model. The combined index was calculated fiom the linear 
and binomial indices using the equation of Vignaux (1997): 

where C, is the combined index in the ilh year, 
PO is the proportion of unsuccessful catches in the base year of the index, 
Bi is the binomial index in the i" year, and 
L, is the linear index in the i" year. 

Variables used in the analyses as possible predictors of CPUE are described in Table 14. A forward 
stepwise multiple fitting algorithm was used (Venables & Ripley 1994): Variables were included in 
the model if they improved (reduced) residual deviance by more than 1%. Interactions were not 
considered because sample sizes were small. 

Standardised CPUE indices and their variances were calculated using the canonical form (Francis 
1999), which is independent of the choice of reference year. A property of the canonical index is that 
the geometric mean of the indices is always 1. 

Model fits were investigated using standard residual diagnostics (Appendix 1). For each model, plots 
of model residuals and fitted values were examined for evidence of departure fiom model 
assumptions. Plots of the expected catch rate for each of the explanatory variables fitted by the model 
were also plotted (Appendix 1) 

3.3 Results 

3.3.1 Lord Howe Rise 

Fishing year, month, vessel, and depth were included in the CPUE regression models (Table 15). 
Model fits and diagnostics (Appendix 1) were reasonable, with the fitted binomial model explaining 
14.6% of the deviance and the linear model 28.7% (Table 15). The expected depth effect had a peak at 
about 800 m, and there was a peak in expected catch in July, consistent with the expectation of higher 
catch rates from a spawning fishery (Figure A2). Other monthly peaks in February and October 



probably reflect a lack of data in these months (see Table 5), rather than real variations in CPUE. 
Likewise there was a high vessel effect for the core vessel with the fewest tows (Figure A2). 

Standardised and unstandardised CPUE indices showed similar trends on the Lord Howe Rise 
(Figures 6 and 8). CPUE peaked in 1991-92, then declined rapidly to low levels, where it has 
remained since 1993-94. The slight increase in unstandardised catch rates in the last three years (see 
Figure 6) was not apparent in standardised indices (Figure 8), although 200041 had the highest 
CPUE since 1992-93 in both sets of indices. The increase in the binomial part of the standardised 
index in 2001-02 (Figure 8) was due to a reduction in the number of tows with zero catch (see Table 
11). 

3.3.2 Northwest Challenger Plateau 

Fishing year, month, and vessel were again the most important predictors of CPUE on Northwest 
Challenger, with tow duration also entering the model for data from all seasons (Tables 16-17). The 
explanatory power of the fitted regression models was relatively low, explaining only 6-20 % of the 
variance in the data. The residuals of the linear model based on all data showed a worrying departure 
from the assumption of normality (Figure A3). The expected effects generated by the linear 
regressions were sensible, but two vessels in the all seasons model had very high expected catch rates 
(Figure A4). Standardised CPUE indices calculated omitting these two vessels were very similar to 
those in Figure 9, so I chose to retain these vessels in the analysis. 

Unstandardised and standardised indices from the Northwest Challenger over all seasons gave 
opposite trends. Unstandardised CPUE showed a general decline from peak values in 1995-96, with 
the last three years have having three of the four lowest catch rates in the time series (see Figure 7). 
Standardised indices from the combined model increased, with the last two years of the fishery having 
the highest values (Figure 9). Some of the differences may be due to increased fishing outside the 
main spawning times and areas, which is accounted for by the standardised model, but not by the 
unstandardised analysis. 

Indices from the June spawning fishery were more consistent (Figures 7 and 10). Both unstandardised 
and standardised CPUE have decreased since a peak in 199696 (Figure 10). There was a slight 
increase in catch rates in 2001-02, but standardised CPUE was only 16% of the value from 1994-95 
(see Table 13). 

4. DISCUSSION 

Dunn et al. (2000) suggested four components for consideration when assessing CPUE analyses. 
These components were (1) definition of the relationship between CPUE and abundance, (2) 
assessment of data adequacy, (3) methods of model fitting and model validation, and (4) evaluation of 
the CPUE index. 

4.1 Assumptions of the catchleffort relationship 

The fundamental assumption of any CPUE analysis is that there is an underlying, usually 
proportional, relationship between CPUE and abundance. As there is no external information on stock 
size in either the Lord Howe Rise or Northwest Challenger fisheries, it is impossible to confirm that 
such a relationship exists. Because both areas have historically been spawning fisheries on hill 
features, we might expect a hyperstable CPUE-abundance relationship, where CPUE stays high with 
decreasing abundance (e.g., Rose & Kulka 1999). However, in other orange roughy fisheries there is 
evidence of hyperdepletion, where CPUE decreases faster than abundance (O'Driscoll 2001b). A 
hyperdepletion 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 nature of the CPUE-abundance relationship may also change over time. This is a particular 
concern on the Northwest Challenger where there has been a distinct shift in the pattern of fishing 
behaviour, from shod tows on the hills during May-June to much longer tows over a wider area, year- 
round (see Section 2). This change in fishing behaviour has occurred following the closure of the 
Challenger Plateau (ORH 7A) orange roughy fishery within the EEZ, and may be a result of vessels 
"forced" outside the EEZ by quota restrictions in other areas. 

4.2 Data adequacy 

Data from the Lord Howe Rise were patchily distributed across years, seasons, vessels, and hills, so 
selecting a subset of data that represented reasonably consistent effort for CPUE analysis was 
difficult. Only seven core vessels have fished since 1995-96, and none of these vessels was present in 
the early years of the fishery (before 1992-93) (see Figure 3). The effort was also very low, with 
fewer than 100 tows by core vessels in 11 of the 14 years of the fishery (see Table 11). 

The fishery on Northwest Challenger has been larger and more stable than the one on the Lord Howe 
Rise, with more than 200 tows by core vessels in each of the last 10 years (see Table 12). The links in 
core vessels between years were also stronger than on Lord Howe Rise (see Figure 4). 

The second CPUE series, generated using short tows from June only, may be a better index of stock 
size, but was based on a relatively small subset of the data. For the most recent fishing year in 2001- 
02 this cropped dataset contained only 112 of the 2353 tows reported (less than 5%). Only one of the 
14 core vessels contributed data in more than four years (see Figure 4). 

4.3 Model fits 

Residual diagnostics were generally satisfactory (see Appendix I), except the model for all seasons 
fromNorthwest Challenger, where there was evidence of departure from the assumption of normality. 

Predictive variables were sensible. Factors such as month, depth, vessel, and tow duration are known 
to influence catch rates in many fisheries. However, some of the predicted effects, such as the high 
expected catch rates on Lord Howe Rise in Februaxy, were likely artefacts related to small sample 
sizes. There was only fishing on Lord Howe Rise in February in 6 of 14 years, with 81% of all 
February data from one year (see Table 5). 

The amount of variability explained by each regression model was relatively small, with low 
values compared to CPUE analyses of other New Zealand orange roughy fisheries (e.g., O'Driscoll 
2001b). 

4.4 Evaluation of CPUE indices 

As already stated, there are no alternative indices of stock abundance on either Lord Howe Rise or the 
Northwest Challenger Plateau with which to compare the CPUE series. Catch rates in both fisheries 
were low compared to orange roughy fisheries inside the New Zealand EEZ (Clark et al. 2002), 
suggesting that current stock sizes are not large andlor catchability is low. 

The inconsistent -trends between standardised CPUE and unstandardised catch rates from all seasons 
on the Northwest Challenger (see Figure 9) are a concern. 



5. CONCLUSIONS 

Data from Lord Howe Rise were very patchy and are probably not adequate for estimating abundance 
in that fishery. However, the relative lack of effort, low catch rates (less than 1 tltow), and high 
proportion of zero catches (over 30%) in this fishery compared to other orange roughy fisheries 
suggest that this stock is cmently at low levels. 

Interpretation of CPUE as an index of abundance for Northwest Challenger was confounded by 
changes in fishing behaviour over the course of the fishery. The standardised analysis using short 
(hill) tows by core vessels in June (peak spawning) provides the most likely index of abundance, but 
this was based on a small subset of data, particularly in recent years, and the explanatory power of the 
fitted regression model was low. CPUE in the June hill fishery has decreased kom a peak in 199445 
to about 16% of peak levels in 2001-02. 
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Table 1: Estimated annual catches of orange roughy (to nearest 5 t) from the Lord Howe and Northwest 
Challenger fisheries. New Zealand (NZ) catches are divided by area, Australian and other nations' totals 
are for combined areas. 

Year 
1986-87 
1987-88 
1988-89 
1989-90 
199C-91 
1991-92 
1992-93 
1993-94 
1994-95 
1995-96 
199697 
1997-98 
1998-99 
199%2000 
2 0 0 w 1  
2001-02 

Howe NZ* 
0 
0 

930 
130 
50 

480 
1480 

855 
65 
5 

45 
15 
55 
35 

150 
110 

Tad NZ* 
5 
5 

1 045 
155 
50 

710 
3 845 
2 305 
1245 

515 
400 
270 
940 
400 

1 140 
1925 

Australian 
- 
- 
- 
- 

4 
770 

1 150 
400 
700 
<1 
95 

180 
515 
155 
570 
220 

Other nations Total 
5 

4 005 
2 895 
1 355 

400 
1480 
4 995 
2 705 
1 945 

515 
495 
450 

1455 
555 

1710 
2 145 

* New Zealand catches were estimated from ungrmmed TCEPR and CELR data and hence differ slightly from 
catch totals from groomed data in Tables 3-4. 

Table 2: Annual catch (t) by Australian vessels for Lord Howe Rise and Northwest Challenger fisheries 
from 1995-96 to 2000-01. Data from Australian Fisheries Management Authority. 

Lord Howe Rise 
1995-96 0.2 
1996-97 95 
1997-98 11 
1998-99 392 
199%2000 18 
2000-01 288 
2001-02 10 

NW Challenger 
<o. 1 

0.0 
169 
123 
138 
284 
212 



Table 3: Summary of groomed tow-by-tow data from TCEPR forms for the Lord Rowe Rise. Additional 
data from CELR forms in 2001-02 are given below in parentheses. 

Fishing Number Number Total Mean 
Yea of tows of recorded tow 

vessels catch (t) speed 

Mean Mean Mean Mean Mean 
tow tow catch catch catch 

length lewth rate 
Ih) 

rate rate 
(m ( V d )  
5.2 1.5 
1 .O 0.3 
2.0 0.7 
7.6 2.5 
3.6 1.2 
1.9 0.8 
0.5 0.2 
0.5 0.2 
0.8 0.3 
1.8 0.5 
0.5 0.2 
1.3 0.5 
2.9 1 .O 
2.3 0.7 

Table 4: Summary of groomed tow-by-tow data from TCEPR forms for Northwest Challenger. 
Additional data from CELR fo rm in 2001-02 are given below in parentheses. 

Fishing 
yea 

1988-89 
1989-90 
1990-91 
1991-92 
1992-93 
1993-94 
1994-95 
1995-96 
199697 
1997-98 
1998-99 
1999-2000 
200M1 
2001-02 

Number Number Total Mean Mean Mean 
of tows of recorded tow tow tow 

vessels catch (t) meed length length 

Mean 
catch 

rate 
(tltow) 

3.3 
0.6 
0.3 
4.1 
1.6 
0.9 
1.3 
1.9 
0.9 
1.1 
1.2 
0.6 
0.9 
0.8 

(0.7) 

Mean Mean 
catch catch 

rate rate 
(+m ( V d )  
1.5 0.5 
0.6 0.2 
1.5 0.4 
12.8 3.7 
3.9 1.2 
1.4 0.5 
5.7 2.0 
10.0 3.4 
3.5 1.2 
6.0 2.0 
4.2 1.4 
2.6 0.9 
1.5 0.5 
1.4 0.5 



Table 5: Monthly distribution of effort (number of tows) in the Lord Howe orange roughy fshery from 
New Zealand TCEPR and CELR returns. 

Fishing year 
198%89 
1989-90 
1990-91 
1991-92 
1992-93 
1993-94 
1994-95 
1995-96 
1996-97 
1997-98 
1998-99 
1999-2000 
2000-01 
2001-02 

Oct Nov Dec Jan Feb Mar Apr 
0 0 0 0 0 0 0 
0 0 8 0 3 2 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 4 0 0 0 

20 83 12 95 215 200 74 
6 9 12 10 12 0 11 
1 0 1 3 18 1 0 

55 3 17 6 13 0 26 
2 0 0 13 0 0 31 
2 0 2 2 0 13 1 

12 1 0 21 0 0 0 
0 5 2 20 0 34 0 
6 6 8 4 3 3 15 

Jun 
8 
1 
1 

35 
209 
255 

16 
2 

17 
0 

72 
33 
1 

12 

Table 6: Monthly distribution of catch (t) in tbe Lord Howe orange roughy f~hery from New Zealand 
TCEPR and CELR returns. Blanks indicate months when there was no effort (see Table 5). 

Fishing year 
1988-89 
198S90 
1990-91 
1991-92 
1992-93 
1993-94 
1994-95 
1995-96 
1996-97 
1997-98 
1998-99 
1999-2000 
2000-01 
200 1-02 

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
38 483 106 139 

2 0 0 0 119 5 
0 0 52 

269 211 
0 165 313 876 9 

137 57 8 53 153 87 7 49 158 53 16 
1 0 1 2 15 0 1 39 3 0 0 
0 0 0 4 0 0 

14 0 2 0 10 4 12 2 
0 3 11 1 0 
0 0 0 0 0 4 42 1 

11 0 3 5 14 1 
1 0 4 5 5 0 129 0 

2 2 5 2 1 2 3 3 0 85 

Table 17: Monthly distribution of catch rates (fftow) in the Lord Howe orange roughy fishery from New 
Zealand TCEPR and CELR returns. Blanks indicate months when there was no effort (see Table 5). 

Fishing year 
1988-89 
1989-90 
1990-91 
1991-92 
1992-93 
1993-94 
1994-95 
1995-96 
1996-97 
1997-98 
1998-99 
1999-2000 
2000-01 
2001-02 

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
4.8 4.9 1.7 13.9 

0.0 0.0 0.3 4.0 0.3 
0.0 0.0 4.3 

7.7 6.0 
1.4 1.5 1.8 0.8 

0.7 0.4 0.1 0.4 0.6 0.4 0.3 
1.3 0.0 0.0 2.4 0.3 0.0 0.0 
0.2 0.0 0.1 
0.7 0.2 0.3 0.1 

0.3 0.1 0.1 
0.0 0.1 0.1 0.6 0.1 

0.1 0.4 0.2 
0.1 0.2 0.0 2.7 0.0 

0.2 0.7 0.2 0.3 0.0 0.7 



Table 8: Monthly distribution of effort (number of tows) in the Northwest Challenger orange roughy 
fishery from New Zealand TCEPR and CELR returns. 

Fishing year 
1988-89 
1989-90 
1990-91 
1991-92 
1992-93 
1993-94 
1994-95 
1995-96 
1996-97 
1997-98 
1998-99 
1999-2000 
2000-01 
2001-02 

Oct 
0 
0 
0 
0 
0 
40 
126 
9 
24 
4 
1 
59 
0 
71 

Nov 
0 
0 
0 
0 
0 
22 
81 
16 
8 
29 
0 
56 
44 
54 

Dec 
0 
0 
0 
0 
0 
5 1 
71 
7 
32 
0 
5 
28 
66 
25 

Jan 
0 
0 
0 
0 
2 
24 
36 
3 
8 
1 
23 
49 
86 
41 

Feb 
0 
13 
0 
0 
0 
70 
2 
24 
11 
0 
3 
28 
25 
48 

Mar 
0 

11 
0 
0 
0 

11 
0 
9 
0 
0 
24 
34 
76 
102 

Jun Jul Aug Sep 
17 5 1 10 
0 12 4 0 
3 1 0 0 
0 56 0 0 

762 219 24 2 
491 199 228 1 
179 168 74 65 
134 28 0 0 
165 0 0 0 
104 13 0 6 
487 23 0 25 
216 6 0 11 
422 26 21 44 
766 191 87 30 

Table 9: Monthly distribution of catch (t) in the Northwest Challenger orange roughy fishery from New 
Zealand TCEPR and CELR returns. Blanks indicate months when tbere was no effort (see Table 8). 

Fishing year 
1988-89 
1989-90 
199&91 
1991-92 
1992-93 
1993-94 
1994-95 
1995-96 
1996-97 
1997-98 
1998-99 
1999-2000 
200M1 
200142 

oct 

50 
141 
2 
4 
0 
0 
40 

45 

Nov 

25 
73 
1 
1 
43 

27 
41 
34 

Dec Jan Feb Mar Apr May 

3 473 
10 185 
20 12 
0 5 
13 26 
2 43 
1 92 
0 54 
15 115 
220 404 

Jun 
20 

1 

1 473 
560 
653 
468 
278 
131 
726 
I78 
565 
656 

Id Aug Sep 
3 0 84 
3 0 
0 

230 
298 3 0 
252 247 0 
158 29 28 
13 

Table 10: Monthly distribution of catch rates (tltow) in the Northwest Challenger orange roughy fishery 
from New Zealand TCEPR and CELR returns. Blanks indicate months when there was no effort (see 
Table 8). 

Fishing year 
1988-89 
1989-90 
199&91 
1991-92 
1992-93 
1993-94 
199495 
1995-96 
199697 
1997-98 
1998-99 
1999-2000 
2000-01 
2001-02 

Oct Nov 

1.2 1.1 
1.1 0.9 
0.3 0.1 
0.2 0.1 
0.1 1.5 
0.1 
0.7 0.5 

0.9 
0.6 0.6 

Dec 

0.8 
0.3 
0.1 
0.3 

0.1 
0.2 
0.5 
0.4 

Jan Feb Mar Apr May lun Jul 
1.2 0.7 

0.3 
0.3 0.0 

4.1 
0.1 1.4 1.9 1.4 
0.1 0.7 1.1 1.3 
0.6 0.3 3.6 0.9 
0.0 0.1 3.5 0.5 
0.2 0.3 1.7 
0.1 1.1 1.3 0.6 
0.2 0.8 1.5 0.2 
0.0 0.5 0.8 0.1 
0.4 0.8 1.3 1.4 
0.6 0.8 0.9 0.9 



Table 11: CPUE indices for core vessels (see Section 3.1) from Lord Howe Rise. Approximate 95% 
confidence intervals for combined standardised indices are given in parentheses. 

Fishing 
Year 
198S89 
1989-90 
1990-91 
1991-92 
1992-93 
1993-94 
1994-95 
1995-96 
199697 
1997-98 
1998-99 
1999-2000 
2cQO-01 
2001-02 

Number 
of tows 

65 
59 
13 
70 

473 
783 
98 
26 

173 
27 
17 
45 
99 
78 

Catch 
(9 

268 
126 
52 

479 
994 
539 
58 
5 

44 
4 
1 

24 
90 
41 

Unstandardised CPUE Standardised CPUE 
tltow t/nmi %O Lmear Binomial Combined 

catch 
4.1 0.4 9 5.37 6.25 5.80 (3.69-8.93) 
2.1 0.4 22 0.96 1.56 0.99 (0.61-1.55) 
4.0 0.7 8 1.68 2.46 1.78 (0.763.44) 
6.8 2.5 17 9.05 6.70 9.80 (6.49-14.63) 
2.1 1.2 27 1.74 3.15 1.86 (1.44-2.38) 
0.7 0.8 44 0.34 0.96 0.34 (0264.44) 
0.6 0.2 59 0.28 0.34 . 0.24 (0.13-0.40) 
0.2 0.2 69 1.30 0.13 0.80 (0.19-2.54) 
0.3 0.3 64 0.72 0.16 0.49 (0.23-0.94) 
0.1 0.4 44 1.17 0.35 1.01 (0.39-2.22) 
0.0 0.0 41 0.21 0.82 0.20 (0.09-0.44) 
0.5 1.1 36 0.72 1.14 0.73 (0.43-1.17) 
0.9 1.2 45 1.94 0.36 1.67 (0.96-2.73) 
0.5 1.0 29 0.24 2.61 0.26 (0.17-0.37) 

Table 12: CPUE indices for eore vessels from aU seasons (see Section 3.1) from Northwest Challenger. 
Approximate 95% confidence intervals for combined standardised indices are given in parentheses. 

Fishing 
year 
1992-93 
1993-94 
1994-95 
1995-96 
1996-97 
1997-98 
1998-99 
1999-2000 
200001 
2001-02 

Number 
of tows 

474 
1115 

869 
266 
379 
211 
463 
430 
997 

1696 

Catch 
(t) 

819 
1 343 
1 136 

499 
330 
227 
622 
190 
940 

1392 

Unstandardised CPUE 
Vtow tlnmi % 0 

catch 
1.7 0.9 20 
1.2 0.6 42 
1.3 2.0 39 
1.9 3.5 36 
0.9 1.2 41 
1.1 2.0 35 
1.3 1.3 25 
0.4 0.6 29 
0.9 0.5 15 
0.8 0.5 11 

Standardised CPUE 
Linear Binomial Combined 

Table 13: CPUE indices for cropped data from June only (see Section 3.1) from Northwest Challenger. 
Approximate 95% confidence intervals for combined standardised indices are given in parentheses. 

Fishing 
Year 
1992-93 
1993-94 
1994-95 
1995-96 
1996-97 
1997-98 
1998-99 
1999-2000 
200001 
200142 

Number 
of tows 

182 
-187 
105 
103 
131 
80 

25 1 
101 
65 

112 

Unstandardised CPUE 
Catch tltow tlnmi % 0 

catch 
15 
28 
32 
33 
3 1 
26 
26 
33 
32 
29 

Standardised CPUE 
Linear Binomial Combined 



Table 14: Summary of variables used in the standardised model of CPUE. 

Variable TYFe Description 

Year 

Month 
Vessel 
Bottom depth 
Time 

Latitude 
Longitude 
Duration 
Speed 

categorical 

categorical 
categorical 
continuous 
continuous 
continuous 
continuous 
continuous 
continuous 

Fishing year (1 October-30 September) 
that the tow occurred in 
Month that the tow occurred in 
Unique vessel code 
Depth in metres at start of tow 
Time of day at start of tow 
Latitude at start of tow 
Longitude at start of tow 
Tow duration in hours 
Vessel speed during the tow (knots) 

Table 15: Variables included in stepwise regressions for orange roughy on the Lord Howe Rise. 

Iteration binomial R' 
1 fishing year 6.4 
2 vessel 11.9 
3 month 14.6 
4 

linear R' 
fishing year 16.3 
month 21.9 
vessel 27.4 
depth 28.7 

Table 16: Variables included in stepwise regressions for orange roughy on Northwest Challenger with 
data from all seasons. 

Iteration biiomial R' 
1 fishing year 7.4 
2 duration 10.5 
3 vessel 13.2 
4 month 15.0 

linear R' 
fishing year 3.4 
vessel 16.0 
month 18.4 
duration . 19.5 

Table 17: Variables included in stepwise regressions for orange roughy on Northwest Challenger with 
data from short tows in June only. 

Iteration binomial R' 
1 fishing year 1.5 
2 vessel 4.9 
3 duration 6.0 

linear R" 
fishing year 8.0 
vessel 15.2 
depth 17.3 



Figure 1: Location of the mid Tasman Sea orange roughy fisheries on Lord Howe Rise and the Northwest 
Challenger Plateau. 



Figure 2: Unstandardiied catch rates of tows by New Zealand vessels which targeted or caught orange 
roughy in the Lord Howe Rise and Northwest Challenger Plateau fishery, 1988-89 to 1993-94. Circle 
area is proportional to titow. 



Figure 2 cont: Unstandardised catch rates of tows by New Zealand vessels which targeted or caught 
orange roughy in the Lord Howe Rise and Northwest Challenger Plateau fishery, 1994-95 to 1999-2000. 
Circle area is proportional to fftow. 



Figure 2 conk Uustandardised catch rates of tows by New Zealand vessels which targeted or caught 
orange roughy in the Lord Howe Rise and Northwest Challenger Plateau fishery, 2000-01 and 2001-02. 
Circle area is proportional to Utow. 



Fishing year 

Figure 3: Annual distribution of tows by the 16 core vessels included in the CPUE analysis of the Lord 
Howe Rise orange roughy f~hery.  Circle area is proportional to the number of tows in each year. Largest 
circle is equal to 384 tows. 1989 on x-axis refers to the 1988-89 fishing year. 
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Figure 4: Annual distribution of tows by the 25 core vessels included in the CPUE analysis of the 
Northwest Challenger orange roughy fwhery from all seasons (upper panel) and the 14 core vessels from 
the June hill fishery (lower panel). Circle area is proportional to the number of tows in each year. 
Largest circle intop panel is equal to 396 tows and in bottom panel to 126 tows. 1992 on x-axis refers to 
the 1992-93 fishing year. 



Figure 5: Location and unstandardised catch rates of tows less than 1 h in the June fmhery on the 
Northwest Challenger Plateau fishery, 1992-93 to 1997-98. Circle area is proportional to Utow. 



Figure 5 cont: Location and unstandardised catch rates of tows less than 1 h in the June fishery on the 
Northwest Challenger Plateau fishery, 1998-99 to 2001-02. Circle area is proportional to Utow. 
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Figure 6: Unstandardised CPUE indices from 16 core vessels in the Lord Howe Rise orange roughy 
flhery, 1988-89 to 2001-02 (data in Table 11). 1989 on x-axis is the 1988-89 fishing year. 
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Figure 7: Unstandardised CPUE indices from the Northwest Challenger orange roughy fishery, 1992-93 
to 2001-02 (data in Tables 12-13). UAll seasons" refers to 25 core vessels in all months. L'June only" refers 
to tows less than 1 h by 14 core vessels in June (peak spawning). 1993 on x axis is the 1992-93 fishing 
year. 
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Figure 8: Standardised CPUE indices from 16 core vessels in the Lord Howe Rise orange roughy fishery, 
1988-89 to 200142 (data in Table 11). Approximate 95% confidence intervals are given for the combined 
model. 1989 on x-axis is the 1988-89 fishing year. 
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Figure 9: Standardised CPUE indices from 25 core vessels in all months of the Northwest Challenger 
orange roughy fishery, 1992-93 to 2001-02 (data in Table 12). Approximate 95% confidence intervals are 
given for the combined model. 1993 on x axis is the 1992-93 fishing year. 
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Figure 10: Standardised CPUE indices from 14 core vessels fishing in June with tows less than 1 h from 
the Northwest Challenger orange roughy fishery, 1992-93 to 2001-02 (data in Table 13). Approximate 
95% confidence intervals are given for the combined model. 1993 on x axis is the 1992-93 fishing year. 



APPENDIX 1: Diagnostic figures for standardised CPUE models 

Diagnostic plots are only provided for the linear component of the combined CPUE model, as this is 
the component which has most influence on the f m l  indices. 

. I . . .  .....:.. 
. . .. . . . . .  

fitted values 

observed values Quantiles of Standard Normal 

Figure Al: Distribution of residuals for the CPUE model of Lord Howe Rise core vessels. Fitted values 
are also compared to observed values. 



(a) Exuected year effect 

1989 1991 1993 1995 1997 1999 2001 

Year 

C) Expected vessel effect 

b) Expected month effect 

Month 

1 2 3 4 5 6 7 8 9 1 0  12 14 16 800 1000 1200 

Vessel (in order of decreasing effort) Depth (m) 

F i e  A2: Expected catch rates (Utow) for median values of fixed parameters for the CPUE model of 
Lord Howe Rise core vessels (year = 1990, month = June, vessel = C, depth = 933 m). The expected depth 
effect greater than 1200 m is due to the shape of fitted polynomial and does not reflect higher catch rates 
in very deep water (where there were very few tows). 
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Figure A3: Distribution of residuals for the CPUE model of Northwest Challenger core vessels with data 
from all seasons. Fitted values are also compared to observed values. 
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Figure A4: Expected catch rates (fftow) for median values of fixed parameters for the CPUE model of 
Northwest Challenger core vessels with data from all seasons (year = 1994, month =February, vessel = G, 
duration = l h). 
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Figure A5: Distribution of residuals for the CPUE model of Northwest Challenger core vessels with data 
from tows less than 1 h in June only. Fitted values are also compared to observed values. 
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Figure A6: Expected catch rates (Utow) for median values of fired parameters for the CPUE model of 
Northwest Challenger core vessels with data from tows less than 1 h in June only (year = 2002, vessel = I, 
depth = 922 m). 


