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EXECUTIVE SUMMARY 

Blackwell, RG. 2000: Alfonsino (Beryx splendens) abundance indices from standardised 
catch per unit effort (CPUE) analysis for the east coast North Island (BYX 2) midwater 
trawl fishery 1989-90 to 1997-98. 

New Zealand Fbheries Assessment Report 2000/53. 40 p. 

Most of the 1368-1868 t of alfonsino landed in BYX 2 between 1989-90 and 1992-98 was taken 
in the small target fishery that involved only 27 vessels. Alfonsino is also taken as bycatch of 
gernfish, hoki, and other target fisheries in QMA 2. 

This report compares two standardised CPUE indices fiom the target midwater trawl fishery 
during the fishing years 198940 to 1997-98, using loglinear (LNL) and gamma log link (GLL) 
models. Data for the 1988-89 fishing year were excluded fiom analysis due to poor quality and 
low quantity. The CPUE (catcldday) estimator, which is based on CELR and TCEPR data, 
includes the searching time and exploratory fishing components that characterise this fishery. 
This is compared to an alternative estimator of CPUE (catchhow) derived from TCEPR towby- 
tow data. 

An initial examination of the data determined a high turnover of vessels in this fishery, and a high 
level of vessel movements between fishing grounds and statistical areas. None of the vessels 
involved in the fishery fished for the entire time period, and most remained only for a short time 
in the fishery. An alternative CPUE analyis was also completed for the main vessels in this 
fishery. Data were grouped into four fishing grounds (Madden, Palliser, Ritchie, Other) in this 
analysis. 

For the CPUE (catch/day) estimator, the variability in the LNL, model for all vessels was mainly 
explained by the number of shots, categorical vessel ID, month of fishing, and fishing year. The 
standardised CPUE indices declined steeply fiom 1989-90 to 1991-92, then stabilised fiom 
1993-94 to 1997-98. The indices showed less year to year variabilitythan the raw CPUE values, 
and indices for the GLL all-vessel model followed a similar trend. Indices for the main-vessels 
analysis fiom both the LNL and GLL models were slightly higher, but followed a similar trend to 
the indices for the all-vessel data for these models. 

For the CPUE (catchhow) est&nator, the raw data were variable with little trend, and fishing year 
was forced into the LNL and GLL regression models to derive annual indices. Both the LNL and 
GLL all-vessel indices displayed little trend, and showed less year to year variability than the raw 
CPUE values. The LNL statistical area indices were higher for the northern areas, although 
insufficient data were available to determine a difference in CPUE indices for the main-vessel 
analysis. Much of the variability in this fishery appeared to be associated with vessel-level 
changes in fishing pattern, as removal of the categorical vessel ID parameter resulted in a 
reduction in the explanatory power of the model. Annual indices for the main vessels were 
generally similar to, but slightly higher than, the all-vessels data. 

The catcldday estimator appears to explain more of the variability in the data, and from the 
regression diagnostics, be a better fit to the data, than the catcldtow models, although trends were 
similar between the all-vessel and main-vessel models for both estimators. The catcldtow 
estimator may underestimate alfonsino abundance by not adequately including the searching time 



and prospect fishing characteristic of this alfonsino fishery. The main differences between these 
two estimators appear to relate to fishing during 198%90 and 1990-91, and both CPUE indices 
are relatively flat for the remainder of the review period. 

It is recommended that the catch/day series derived fiom the main-vessel analysis be used to 
describe CPUE trends in the fishery. These indices suggest that the fishery may have completed 
the fishing down phase of development and remained relatively stable since 1991-92. As a 
strong vessel effect occurs in all models, these trends in standardised CPUE indices may also be 
influenced by the changes in fishing patterns of the few vessels involved in this fishery. 



1. INTRODUCTION 

Although alfonsino (Beryx splendens) is widely distributed throughout the New Zealand EEZ 
from 25 to 1200 m, the fishery is mostly confined to QMAs 2 & 3. A domestic fishery developed 
in 1981 on the seamounts and drop-offs that occur between 300 and 600 m off the east coast, 
North Island. Before 1983, alfonsino was virtually unfished (Horn 1988). A small target trawl 
fishery developed in 1983, and catch has been regulated in all except this first year of the fishery 
(Horn 1988). Major fishing grounds in QMA 2 (Figure 1) include the East Cape Ridge in area 
201, Ranfurly Bank in area 11, Tolaga Bank in area 12, Tuaheni High in area 13, Paoanui Ridge 
and Ritchie Banks in area 204, the Motukura Banks and the North and South Maddens in area 
14, the Kaiwhata and Palliser Banks in area 15, and the Cook Strait canyon in aea 16. In more 
recent years, effort has shifted to the Madden Canyons and the Motukura Banks (Langley 1995). 
The 1997-98 landings of 1652 t of alfonsino in QMA 2 represent 57% of the total New Zealand 
landings of 2881 t (Table 1). 

Over 72% of the estimated landings of alfonsino, fiom 1988-89 to 1997-98 were taken in target 
fishing (Table 2), although an increasing amount is taken as bycatch in gemfish and hoki target 
fishing (Blackwell, unpublished results). Alfonsino is also taken as bycatch of thehoki, gemfish, 
and orange roughy fisheries in QMA 2. Landings of alfonsino also include about 1% of the red 
bream, Beryx decadactylus (Amala et al. 1999). 

'This report presents standardised CPUE estimators of catcldday and catchhow for the target BYX 
2 midwater trawl fishery for all 27 vessels in the fishery fiom 1989-90 to 1997-98. These data 
were then compared to the CPUE estimators based on an analysis of the seven main vessels in the 
fishery during this period. In this latter analysis, fishing gmunds were grouped into four areas: 
Madden, Palliser, Ritchie and Other. 

I I Objectives 

This report addresses Objective 3 of Ministry of Fisheries Project lNS9801: 

To develop standardised CPUE indices for the midwater trawl fishery for 
alfonsino in BYX 2. 

Following the presentation of these data at the 2000 Inshore Working Group meeting, further 
analysis of the main catch vessels only, with revised groupings of fishing grounds, was requested 
by the Ministry of Fisheries under this objective. These additional analyses for catch/day and 
catchltow are also presented in this report. 

1.2 Previous research 

Alfonsino are considered to be a long-lived, moderately slow growing species (Horn & Massey 
1989). Horn (1988) surnrnarised the biology of alfonsino in BYX 2, and noted that stock 
relationships are poorly understood as the New Zealand stocks of this species may form part of a 
larger South Pacific stock. Full recruitment into the commercial fishery occurs at 5 years (Horn 
& Massey 1989) although catch curve analysis (Horn 1988) indicated a steep decline in 
abundance with increasing age. The age composition varies among grounds (Horn 1988) and 
alfonsino may undergo age-specific migration. M cannot be estimated by catch curve analysis as 



parts of the population may not be available for sampling, but was estimated at 0.20-0.23, using a 
maximum age of 20 years (Horn & Massey 1989). 

Horn (1988) considered alfonsino to be densely aggregated but patchy in distribution, and 
developed a non-standardised CPUE index based on catch per fishing day which accounted for 
the searching time and prospect fishing characteristic of this target fishery. Alfonsino occur in 
dense aggregations on the bottom during the day which are not visible on the echo sounder. They 
form into large schools at dusk, and migrate up into rnidwater during the night to feed (Horn 
1988). 

Horn (1988) found this index had declined by 67% between 1983-84 and 1986-87, and estimated 
a CAY of 505 t based on 1983-84 landings of 1530 t. Stocker & Hackwell (1991) used this non- 
standardised CPUE index and estimates of E3o (15 500 to 21 000 t) to estimate MCY at 98b1330 
t. A standardised CPUE index of catch per tow was developed by Langley (1995) to review the 
effects of changes in fishing practice in the alfonsino fishery on bluenose bycatch. As this index 
did not include searching time and prospect fishing, and underestimated alfonsino abundance, 
Langley (1995) recommended that this index should not be used for relative biomass estimation. 

This report compares these two indices of standardised CPUE (catchlday and catcldtow) from the 
target alfonsino rnidwater trawl fishery using data from all vessels, and also for the main vessels 
in this fishery, from 198S90 to 1997-98. 

2. METHODS 

2.1 Preparation of data 

All catch and effort data from 1988-89 to 1997-98 fiom the Ministry of Fisheries Trawl Catch 
Effort and Processing Return (TCEPR) and Catch Effort Landing Return (CELR) databases were 
extracted where the fishing method = rnidwater trawling, fshstock = BYX 2, and target species = 
alfonsino. Here, "midwater" refers to the net type, rather than the location of the tow, and a 
midwater net may in fact be used to fish a school close to the bottom. The data, including zero 
records of aifonsino, were checked for errors and outliers. As estimated catch data were used, a 
''zero'' record does not necessarily mean zero catch, but indicates that aIfonsino was not included 
in the top five species reported in the top part of the TCEPR and CELR forms. The following 
constraints were used: 

net depth less than or equal to bottom depth 
bottom depth in range 50-1000 m 
wingspread less than 100 m 

Outliers were altered if the cause of the anomaly was apparent, or the record was removed. 



Catch per day 

All vessels. The catcWday dataset combined tow-by-tow data from the TCEPR database with 
daily catch data from the CELR database. Both databases contained considerable numbers of 
duplicate records for each fishing day and tow which were removed before error checking. For 
the TCEPR data, fishing grounds were defined by start position (Ryan & Stocker (1991), and 
these data were summarised by daily catch and fishing ground for each vessel. For the CELR 
data, statistical area was the only available location variable, and this was used for the .initial data 
analysis. The TCEPR and CELR daily catch data were merged to provide a total of 1702 records 
for all vessels. 

Main vessels. Although the fleet consisted of 27 vessels, very few fished for the duration of 
the review period. To remove those vessels that fished infrequently, the following selection 
criteria were adopted (I. Doonan, MWA, pen. cornm.). Vessels were included in the analysis if 
they had fished for three years or more between 1989-90 and 1997-98, and completed 15 or 
more tows in each of three or more f~h ing  years. The catch and effort data for all years were 
analysed for those vessels that satisfied this effort criterion. For this analysis, data were 
summarised into four categories based on the major fishing grounds: Ritchie, KaiwhatalPalliser, 
MotukuraMaddens (North Madden, Madden, South Madden, Motukura), and Other (all other 
grounds). Due to data limitations, the Motukua/Maddens category included CELR data from the 
Motukura Banks and the Madden Canyon in statistical area 14. The TCEPR data from these two 
fishing grounds were combined for data continuity. The KaiwhaWalliser category included 
CELR data from Kaiwhata and Palliser Banks in statistical area 15, and TCEPR from these areas. 
These data represented 1320 daily catch records. 

Catch per tow 

All vessels. The corrected TCEPR tow-by-tow dataset contained 3284 records after error 
checking. Not all of these were errors, as some records were excluded because they did not 
comply with the above constraints. Each record was assigned to a fishing ground on the basis of 
start position. To provide a basis for comparison, the data for Motukura and Madden Banks, and 
for Kaiwhata and Palliser Banks, were combined, as described above. 

Main vessels. The main vessel TCEPR dataset contained 2807 records after error checking, 
and records were assigned to one of the four fishing ground categories defined above. 

2.2 Models 

Lognormal linear (LNL) model. This model was described by Doonan (1991) and Vignaux 
(1992). A log transformation was applied to the data to approximate linearity, after adding a 
small arbitrary constant (c) to the CPUE to avoid taking the logarithm of zero. The analysis may 
be sensitive to the value of c chosen (Vignaux 1992), because the statistical distribution of the 
data may be distorted, so the assumptions of normality and equality of variances may be 
compromised. A sensitivity analysis determined the effects of a range of c values on the model. 



A stepwise procedure similar to that used by Doonan (1991) was used to calculate the LNL 
model, using PROC GLM, a general linear modelling procedure of the SAS statistical software 
(SAS 1989). Variables were added to the model until less than 1% improvement was seen in ~2 
(percentage of variance explained by the model), following the inclusion of each additional 
variable. If the f ~ h i n g  year variable did not enter the model, this was forcibly included to derive 
annual indices. 

Gamma log link (GLL) model. The gamma log-link model (Vignaux 1994) attempts to 
minimise the residual deviance by changing the parameters of the linear model. The expected 
and observed values are compared in untransfonned space, so zero values can be left in the 
model and no arbitrary constant is required: PROC GENMOD, a generalised linear modelling 
procedure of the SAS statistical software (SAS 1989), was used. Variables were added to the 
model until less than 1% improvement was seen in D (residual deviance of the model) following 
the inclusion of each additional variable. If the fishing year variable did not enter the model, this 
was forcibly included to derive annual indices. 

The percentage of zero tows in the datasets examined in this project did not exceed the 10% 
threshold (Doonan et al. 1995) that generally requires separate analysis of the LNL and binomial 
components of CPUE. . 
RESULTS 

3.1 Analysis of raw CPUE data 

Alfonsino catches in BYX 2 have slightly exceeded the TAC for 8 of the last 10 years. Catches 
have increased slightly between 1988-89 and 1997-98, and the average catch for this period was 
1629 t (see Table 1). Alfonsino supports a target midwater and bottom trawl fishery in QMA 2, 
and is also taken as bycatch in a number of other fisheries (Table 2). Estimated landings in the 
target fishery have decreased since 1992-93 and alfonsino bycatch in the trawl fisheries for hoki 
and gemfish has increased. Data fiom the 1988-89 fishing year were excluded from analysis due 
to poor quality and low quantity (see Table 2). 

AEonsino target fishing was generally carried out by midwater trawling (Table 3). Fishing effort 
varied widely among the 26 vessels in this fishery, although no vessels fished for the complete 
time period. Effort &ta (number of tows) for the seven vessels that satisfied the selection criteria 
are given in the upper portion of Table 4. The mean catch rate (Vday) varied widely (Table 5) 
among statistical areas for vessels in both "main" and "other" fishing effort categories. High 
catch rates were generally associated with larger fishing vessels. 

Catch per day 

Catch and effort data for the target fishery (all vessels) are given in Table 6. Raw CPUE for all 
vessels (mean and s.e. fiom individual vessel catchlday data) varied between 4.8 tiday in 1993- 
94 and 6.6 t/day in 1990-91. The mean raw CPUE (Vday) for all vessels varied among fishing 
years and statistical areas (Figures 2 and 3) and month of fishing (Figure 4). Mean catch (t/day) 
appeared to increase with the number of shots per day (Figure 5), presumably because fishers 
continued to fish each area until the catch rates fell before moving off to a new fishing ground. 



Catch and effort data (Table 7) for the "main catch" vessels (where 15 or more tows were 
completed in each of three or more fishing years) are provided for all fishing years 198940 to 
1997-98, including years when effort was below the 15 tow threshold. The mean raw CPUE for 
these vessels (Figure 6) was very similar to, but higher than, the all-vessel data. It varied among 
fishing grounds and showed no trends (Figure 7). 

Catch per tow 

Means and s.e. for raw CPUE (thow) from the TCEPR database (all vessels) peaked in 1990-91 
at 3.1 t/tow, and then slowly decreased to 2.1 t/tow in 199798 (Table 8). Data for the main 
vessels are given in Table 9. 

The mean and C.I. for the raw CPUE (tltow) for the main vessels (Figure 8), was similar to, but 
generally slightly higher than the all-vessels mean data. Mean CPUE initially increased, then 
declined, and these trends varied slightly among fishing grounds (Figure 9). 

3.2 Regression models of CPUE (catchlday) 

LNL model 

The data are poorly structured, as no vessel fished in every fishing year, and some fishing 
grounds and statistical areas were unfished during this period. Statistical advice (D. Gilbert, 
NIWA) indicated that analysis of the interaction terms was likely to result in over- 
parameterisation and provide misleading results. The results from the main effects analysis only 
are presented in this report. 

All vessels. The variables number of shots, vessel ID, month, and fishing year entered the LNL 
main effects model in order (Table lo), and this model explained 27% of the variation in the data. 
The month indices (Figure 10) were lowest in December to February and peaked in April-May 
(Figure 1 I), and were generally consistent with the raw CPUE. 

From the sensitivity analysis (Appendix 1) the trends in annual indices and residual plots are 
similar for the three levels of c used in the analysis, although the analysis may be influencedby 
the high catch rates of some of the larger vessels in this fishery. Annual indices (Figure 11) 
sharply decreased fiom 1989-90 to 1991-92, then remained relatively constant fiom 199243 to 
1997-98. This was generally consistent with trends in raw CPUE, although the slight increases 
during 1990-91,1995-96, and 1996-97 were not seen in the standardised indices. 

The analysis was repeated with catch and effort allocated to fishing ground as defined for the 
main vessel analysis. Fishing ground did not enter this alternative model and explained only 
0.66% of variation, which was very similar to the 0.67% of variance explained by statistical area 
in the main effects model (Table 10). Indices for the statistical area model were used in 
subsequent analysis. 



Main vessels. From the LNL analysis of the seven main vessels in this fishery (Table 1 I), the 
variables number of shots, vessel ID, month, and fishing year entered the main effects model, and 
this model explained 25% of variation in the data. The annual indices (Figure 11) were similar 
to, but slightly higher than, the indices for the &vessels analysis. Regression diagnostics 
(Appendix 1) indicated that trends in both models were similar. 

GLL model 

All vessels. The variables vessel ID, number of shots, month, and fishing year entered the GLL 
model in order (Table 12). Annual indices for the GLL model decreased fiom 1989-90 to 1990- 
91, then remained stable fiom 1991-92 to 1997-98 (Figure 12). Trends in GLL model indices 
were generally similar to, but slightly less variable than, the LNL indices. 

Main vessels. The variables number of shots, vessel ID, month, and fshing year entered the 
model (Table 13), and the annual indices (Figure 12) were generally similar to, but slightly higher 
than, the indices for the all-vessels analysis. 

3.3 Regression models of CPUE (catch per tow) 

LNL model 

All vessels. Variables vessel ID, month, and statistical area entered the LNL allvessels model 
and fishing year was forced into the model to derive annual indices. This model explained only 
12% of the variability in the data (Table 14). The regression diagnostics (Appendix 2) indicated 
the model was a relatively poor fit to the data, but trends in annual indices were not sensitive to 
the levels of c used in the analysis. The analysis may be influenced by high catch rates by some 
of the larger vessels in this fishery. CPUE indices was higher in northern areas pigure 13), and 
varied slightly between month of fishing (Figure 14). The annual indices (Figme 15) were flat, 
with little contrast between 1989-90 and 1997-98. These trends were g e n e d y  consistent with 
trends in the raw CPUE. 

Main vessels. The variables vessel ID and month of fishing entered the model (Table 15), and 
fishing year was forced into the model to derive annual indices. This model explained only 10% 
of variability and regression diagnostics (Appendix 2) indicated the model was a poor fit to the 
data. No differences were seen between fishing grounds, although this may relate to varhbility in 
CPUE among the six vessels that satisfied the selection criteria. Trends in annual indices were 
similar for the levels of c used in the analysis, and the annual indices were similar to, but more 
variable than, the indices for the all-vessel data (Figure 15). 

GLL model 

All vessels. The variables vessel ID and month entered the model of catchhow (Table 16), and 
fishing year was forced into the model to derive annual indices. These annual indices (Figure 16) 
showed little contrast and were generally similar to, but less variable than, the trends in the LNL 
indices. 



For the main vessel analysis (Table 17), the variables vessel ID and month of fishing entered the 
model, and fishing year was forced into the model to derive annual indices. These indices were 
slightly higher than the indices Erom the all-vessel analysis (Figure 16). 

4. DISCUSSION 

ALfonsino is considered to be a relatively long-lived slow growing species which is patchily 
distributed in high density aggregations associated with seamounts and dropoffs of the east coast 
North Island (Annala et al. 1999). Before 1981 alfonsino was considered virtually unfished, and 
a small target midwater trawl fishery developed during 1981 (Annala et al. 1999). Most 
alfonsino landings taken during 1989-90 to 1997-98 have been associated with this target 
fishery, although the proportion of total BYX 2 landings has decreased fiom 85% in 1992-93, to 
52% in 1997-98. This reflects the increasing importance of alfonsino bycatch in several other 
target fisheries including hoki (Blackwell unpubl. results). 

Previous analyses of alfonsino have used a no~staudardised CPUE index of catchlday which 
appears to have fallen by at least 50% (42-92%) between 1983-84 and 1987-88 on each of the 
major grounds (Horn 1989). Stocker & Blackwell (1991) found a similar (48%) decrease (fiom 
9.3 tlday to 4.8 Vday) had occurred between 1982-83 and 1989-90, although some differences 
occurred in the method of averaging the rate of decline across all fishing grounds. The raw CPUE 
estimate of 5.5 Vday derived for 1989-90 in the present study was higher than the 4.8 tiday 
reported by Stocker & Blackwell (1991) for 1989-90. This difference may relate to the different 
extraction methods used for these two analyses, or to new data added since the previous analysis. 

This report presents a new standardised CPUE series based on the catchlday estimator of Horn 
(1989), derived fiom loglinear and gamma log link models, and compares these series with data 
derived from the standardised CPUE catchhow estimator developed by Langley (1995). The 
regression diagnostics indicated these models were a relatively poor fit to the data, which 
appears to be due in part to the small size of the fishery, and to the high level of variabilityin 
catch and effort among the 26 vessels involved. Although most vessels fished for only one or 
two years, no vessel was present for the entire survey period. Removal of the categorical vessel 
variable decreased the predictive power of these models, which suggested that this variable 
included other factors, such as skipper experience, rather than merely the physical features of the 
vessel. An alternative analysis reviewed changes in CPUE for these estimators for the seven 
main vessels, that contributed most of the fishing effort in the fishery during this period. 

Variability in the CPUE (catchlday) was associated with the number of shots per day, categorical 
vessel ID, month of fishing, and fishing ground, and the LNL model explained 27% of variability 
in the all-vessel data and 25% of variability in the main-vessel data. Although a lower seasonal 
availability of alfonsino during winter is suggested from the analysis, fishers advised that most 
vessels in this fishery shift effort from alfonsino to hoki in this period (C. Robinson, Pacific 
Trawling Ltd, Napier, pers. comtn). Trends in annual indices for the seven main vessels were 
similar to, but slightly higher than, those for akessels, and similar trends occurred for the GLL 
analysis for both the main-vessel and all-vessel datasets. These series generally indicated that 
CPUE had fallen during 1989-90 and 1991-92, then remained relatively stable until 1997-98. 
These trends were generally consistent with, but less variable than, the trends in raw CPUE. 

Annual indices for the CPUE (catch/tow) estimator were flat, with little contrast, for both the 
LNL and GLL models. Fishing year was forced into these models to derive annual indices, and 



these models explained a very low level (1042%) of data variability. The annual indices were 
generally consistent with the trends in CPUE (catcwday) after 1991-92. Although variables 
vessel ID, month, statistical area, and fishing year entered the LNL all-vessels model, statistical 
area did not enter the main-vessels LNL model or the GLL models. However, as data fiom only 
six main-catch vessels were available, insufficient data may be available to determine trends, 
given the high vessel-level variability in catch and effort. Data fiom the GLL models of 
catchhow were similar for the all-vessel and main-vessel data, and generally followed the trends 
for the LNL main-vessel analysis. The annual indices were generally similar to trends in raw 
CPUE. 

This analysis and review of the regression diagnostics indicates that the catcwday estimator 
explains more data variability and provides a better fit to the data than the catcwtow estimator. 
Langley (1995) found little change in standardised CPUE (catchltow) indices between 1990-91 
and 1993-94, but recommended that this index should not be used to describe changes in relative 
abundance. The catcwtow estimator substantially underestimated fishing effort by excluding 
searching time and exploratory fishing components of this fishery (Horn & Massey 1989, 
Langley 1995). 

The alfonsino tishery is relatively small and catch and effort data are poorly structured. Effort 
varied widely among fishing vessels and some statistical areas and fishing grounds were unfished 
in some fishing years. No fishing vessel consistently fished during the entire survey period, and 
these data limitations precluded analysis of the interaction terms between these variables. 
Although annual indices derived tiom the LNL and GLL models are similar, the LNL. model may 
be more suitable than the GLL model for the analysis of such data @. Gilbert, NIWA, pers. . 
comm.). 

It is concluded that the standardised CPUE index of catcwday for the main vessels in the fishery 
from 1989-90 to 1997-98 best reflect changes in the relative abundance of alfonsino. These data 
are consistent with a fishery that is generally stable, with little contrast, particularly after 1991- 
92. This fishery may now have completed the fishing down phase of development (Horn 1988, 
Stocker & Blackwell 1991) and entered a period of relative stability. 
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Table 1: Reported landings (t) of alfonsino by fishstock and annual TACs (t) from 1985-86 to 
1997-98 

Fishstock BYX 1 BYX 2 BYX 3 BYX 7 BYX 8 BYX 10 All BYX 
Q M W  1&9 2 3,5& 6 7 8 10 1-10 

Landings TAC Landings TAC Landings TAC Landings TAC Landings TAC Landings TAC Landings TAC 
198546" 11 - 1454 - 3 - 1 -  0 -  0 10 1469 - 
198647Y 3 10 1387 1510 75 220 4 30 1 20 0 10 1470 1 800 
198748Y 8 27 1252 1511 101 1000 2 30 1 20 0 10 1364 2 598 
198889Y 6 27 1588 1630 64 1000 4 30 0 20 1 10 I663 2717 

198940Y 24 31 1496 1274 147 1007 21 80 cl 20 0 10 1688 2422 
1990-91'1 17 31 1459 1274 202 1007 26 81 0 20 0 10 1664 2423 
199142'1 7 31 I368 I499 264 1007 2 81 el 20 4 10 1641# 2 648 
199243'1 6 31 1649 1504 113 1007 12 81 <I 20 el 10 178W 2653 
1993-94Y 7 31 1688 1569 275 1007 31 81 <1 20 0 10 2001# 2718 
1994-9fl 1 1  31 1670 1569 482 1010 59 81 <1 20 0 10 2223#2721 
1995-961 1 1  31 1868 1569 961 1010 66 81 <I 20 0 10 2906#2721 
1996-97'2 39 31 1854 1575 983 1010 77 81 <1 20 0 10 2 953# 2727 
1997-98Y 14 31 1652 1575 1148 1010 67 81 <1 20 0 10 2 881# 2 727 

FSUdata. 
Y QMS data. 

Table 2: Estimated landings of bottom trawl and mid-water trawl caught BYX 2, by target species, 
QMR total landings and percentage of QMR total landings analysed, 1988-89 to 1997-98 

Target species Reported landings 

BNS BYX CDL HOK LM ORH RBY SKI Other Total QMR Percent 

Fishing year 

1988-89 

1989-90 

1990-9 1 

1991-92 

1992-93 

1993-94 

1994-95 

1995-96 

1996-97 

1997-98 

Total 

Table 3: Alfonsino target trawl fshery: Estimated landings and number of days fished for BYX 2, by trawl 
method, 1989-90 to 1997-98. BT, bottom trawl; MW, midwater trawl 

Method BT MW Total 

Fishing year No. days BYX weight (t) No. days BYX weight (t) No. days BYX weight (t) 



Table 4: BYX 2 target trawl fishery: length overall (LOA), gross registered weight (GRW), and 
number of tows by vessel and fishing year, 1989-90 to 1997-98, from the TCEPR and 
CELR databases 

LOA: 1=0-25,2=26-30.3~31-35,4=3640, HI+. 

GRW: 14-100,2=101-150,3=151-200,4=201+ 

LO A 

Main vessels 

1 1 
2 1 

3 3 

4 2 

5 2 

6 5 

7 5 

Other vessels 
1 1 

2 2 

3 2 

4 1 

5 5 

6 2 
7* 3 

8 1 

9 2 

10 1 

11 3 

12 2 

13 1 

14 2 

15 5 

16 1 

17 3 

18 5 

19 4 

20 4 

Fishing year 

GRW 1989-90 199041 1991-92 1992-93 1993-94 1994-95 1995-96 1996-97 1997-98 

* fished only in 1988-89 and excluded from analysis 



Table 5: BYX 2 target trawl fishery: Mean raw CPUE @/day) by vessel and statistical area, 
1989-90 to 1997-98 

Statistical area 

12 13 14 15 16 203 204 206 

Main vessels 
1 

2 

3 

4 

5 

6 

7 

Other vessels 
1 

2 

3 
4 

5 

6 

7* 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

* f~shed only in 199849 and excluded fiom analysis 

Table 6: BYX 2 target trawl fishery: Raw CPUE (tonnes (t) per day) and the percentage of zero catch, 
all vessels, 1989-90 to 1997-98. Source: TCEPR and CELR databases 

Fishing year 
1989-90 
1990-91 
1991-92 
1992-93 
1993-94 
1994-95 
1995-96 
1996-97 
1997-98 

Number of 
days 
228 
140 

214 
250 
25 1 
196 
149 
115 
132 

1 702 

BYX weight (t) 
1 247 
93 1 

1 195 
1 306 
1 198 
945 
850 
668 
655 

9 156 

Mean 8 U E  
Way) 

5.5 
6.6 

5.6 
5.2 
4.8 
4.8 
5.7 
5.8 
5.0 

Number o f  zero 
catch days 

10 
2 
19 
I3 
21 
13 
9 
9 
16 

112 

Percentage of 
zero catch 

4.4 
1.4 
8.9 
5.2 
8.4 
6.6 
6.0 
7.8 
12.1 

6.6 



Table 7: BYX 2 target trawl fishery: Raw CPUE (tonnes (t) per day) and the percentage of zero catch, 
main vessels, 1989-90 to 1997-98. Source: TCEPR and CELR databases 

Fishing year 
1989-90 
1990-91 
1991-92 
1992-93 
1993-94 
1994-95 
1995-96 
1996-97 
1997-98 

Number of 
days 

95 
130 
160 
208 
230 
160 
113 
113 
110 

1319 

BYX weight (t) 
565 
917 

1 095 
1 161 
1119 

805 
700 
658 
559 

7 579 

Mean CPUE 
Way)  

5.9 
7.0 
6.8 
5.6 
4.9 
5.0 
6.2 
5.8 
5.1 

Number of zero 
s.e catch days 
0.5 6 
0.5 1 
0.5 13 
0.4 10 
0.4 17 
0.6 12 
0.6 7 
0.5 9 
0.5 15 

90 

Percentage of . 
zero catch 

6.3 
0.7 
8.1 
4.8 
7.4 
7.5 
6.2 
8 .O 

13.6 
6.8 

Table 8: BYX 2 target trawl fshery: Raw CPUE (tonnes (t) per tow) and the percentage of zero catch 
tows, all vessels, 1989-90 to 1997-98. Source: TCEPR database 

Fishing year 
198940 
1990-91 
1991-92 
1992-93 
1993-94 
1994-95 
1995-96 
199647 
1997-98 

Number of 
tows 
280 
258 
386 
476 
534 
396 
332 
285 
317 

3 284 

BYX weight (t) Mean CPUE 
(tkow) 

2 3  
3.1 
2.8 
2.7 
2 2  
2.3 
2.6 
2.3 
2.1 

Number of zero 
s.e. catch tows 
0.2 16 
0 2  4 
0.2 15 
0.2 18 
0.1 35 
0 2 24 
0 2  16 
0.1 15 
0.1 23 

166 

Percentage of 
zero catch tows 

5.7 
1.5 
3.9 
3.8 
6.5 
6.0 
4.8 
5.3 
7.3 

Table 9: BYX 2 target trawl fishery: Raw CPUE (tonnes (t) per tow) and the percentage of zero catch 
tows, main vessels, 1989-90 to 1997-98. Source: TCEPR database 

Fishing year 
198940 
1990-91 
1991-92 
1992-93 
1993-94 
1994-95 
1995-96 
1996-97 
1997-98 

Number of 
tows 
157 
258 
352 
390 
499 
358 
256 
279 
255 

2 804 

BYX weight (t) 

347 
797 

1 048 
1 146 
1 120 

804 
70 1 
658 
558 

7 179 

Mean CPUE 
@'tow) 

2.2 
3.1 
3.0 
2.9 
2.2 
2.2 
2.7 
2.3 
2.1 

Number of zero catch 
tows 

13 
4 

13 
16 
30 
23 
14 
15 
21 

149 

Percentage of 
zero catch tows 

8.3 
1.5 
3.7 
4.1 
6.0 
6 A 
5.5 
5.4 
8.2 
5.3 



Table 10: BYX 2 target trawl fishery: LNL analysis of CPUE (&/day) from 1989-90 
to 1997-98 

LNL main effects model of CPUE (kg/day+l), all vessels 

Boldface indicates variable has been included in the model R2 at iteration 

Iteration 1 2 3 4 5 

Variables 

No. shots 

Vessel ID 

Month 

Fishing year -. 

Statistical area 0.03 0.16 0.25 0.27 

Fishing time 

Net height 

Wingspread 

Quarter 

Length 

Breadth 

Draught 

Tonnage 

Power 

L*B*D 
% increase in RZ 

Main effects model: Log(CPUE kg/day+l) = No. of shots, vessel ID, month, fishing year 

Annual indices for the LNL model of CPUE (kg/day+l) all vessels 

Fishing year 

Main effect 

model s.e. 



Table 11: BYX 2 target trawl fishery: LNL analysis of CPUE (kglday), main vessels, 
1989-90 to 1997-98 

LNL main effects model of CPUE (kg/day+l), main vmels 

Rz at iteration 

Iteration 1 2 3 4 5 

Variables 

Number of shots 0.15 

Vessel ID 0.06 0.21 

Month 0.04 0.19 0.23 

Fishing year 0.03 0.18 0.22 0.25 

Fishing ground 0.03 0.17 0.22 0.24 

Fishing time 

Net height 

Wingspread 

Quarter 

Length 

Breadth 

Draught 

Tonnage 

Power 

L*B*D 

% increase in R2 

Main effects model: Log (CPUE kg/day+l) =Number of shots, vessel ID, month, fishing year 

Annual indices for the LNL model of CPUE (kg/day+l), main vessels 

Fishing year 

Main effect 

model s.e. 



Table 12: BYX 2 target trawl fishery: GLL analysis of CPUE (kglday), all vessels, 
1989-90 to 1997-98 

Deviance at iteration 

Iteration 1 2 3 4 5 

Variables 

Vessel ID 2251.14 

Number of shots 2351.89 2033.03 

Month 2512.61 2201.83 1978.68 

Fishing war 2574.06 2239.34 2012.96 1948.82 - - 
Fishing time 

Statistical area 

Wingspread 

Net height 

Length 

Breadth 

Draught 

Tonnage 

Power 

L*B*D 

% decrease in deviance 9.68 2.67 1 .SO 0.46 

GLL model: Log(CPUE kglday) = Vessel ID, number of shots, month, fishing year 

Annual indices for the GLL model of CPUE (kglday), all vessels 

Main effect 

Fishing year model s.e. 



Table 13: BYX 2 target trawl fishery: GLL analysis of CPUE &/day), main vessels, 
1989-90 to 1997-98 

Deviance at iteration 
Iteration 1 2 3 4 5 

Variables 

No. of shots 1793.06 

Vessel ID 1796.85 1597.53 

Month 1890.71 1688.11 1549.51 

Fishing year 1957.50 1753.68 1571.52 1510.86 

Fishing ground 1938.82 1756.69 1585.11 1539.84 1499.52 

Fishing time 1956.04 1787.77 1593.58 1543.78 1506.54 

Net height 1978.17 1790.99 1596.26 1548.63 1509.19 

Wingspread 1931.77 1686.85 1591.17 1544.47 1506.95 

Quarter 1915.48 1709.71 1565.07 1549.51 1510.86 

Length 1871.65 1705.85 1597.53 1549.51 1510.87 

Breadth 1843.09 1690.74 1597.53 1549.51 1510.87 

Draught 1899.68 1713.67 1597.53 1549.51 1510.87 

Tonnage 1893.45 1715.79 1597.53 1549.51 1510.87 

Power 1858.45 1683.46 1597.53 1549.51 1510.87 

L*B*D 1869.26 1691.18 1597.53 1549.51 1510.87 

% decrease in deviance 10.90 3.00 2.49 0.75 

GLL model: Log(CPUE kgtday) =No. of shots, vessel ID, month, fishing year 

Annual indices for the GLL model of CPUE (kglday), main vessels 

Main effect 
Fishing year model xe. 



Table 14: BYX 2 target trawl fishery: LNL analysis of CPUE &/tow), a11 vessels, 
1989-90 to 1997-98 

Main effects model of CPUE (kg/tow+l), all vessels 
RZ at iteration 

Iteration 

Variables 

Vessel ID 0.07 

Month 0.04 0.09 

Statistical area 0.02 0.08 0.11 

Fishing year 0.02 0.08 0.10 0.12 

Start time 0.01 0.07 0.10 0.12 

Wingspread 

Speed 

Fishing time 

Bottom depth 

Net depth 

Net height 

Lewth 
Breadth 

Draught 

Power 

Tonnage 

L*B*D 
% increase in RZ 

Main effects model: Log(CPUE kg/tow+l) = Vessel ID, month, statistical area, fishing year 

Annual indices for the LNL model of CPUE (kg/tow+l), all vessels 

Fishing year 

Main effect 

model s. e. 



Table 15: BYX 2 target trawl fishery: LNL analysis of CPUE (kgltow), main vessels, 1989-90 to 1997-98 

Main effects model of CPUE (kg/tow+l), main vessels 

RZ at iteration 

Iteration 1 2 3 

Variables 

Vessel ID 0.07 

Month 0.04 0.10 

Fishing year 0.03 0.08 0.10 

Start time 0.01 0.08 0.11 

Wingspread 

Fishing ground 

Speed 
Fishing time 

Bottom depth 

Net depth 

Net height 

Length 

Breadth 

Draught 

Power 

Tonnage 

L*B*D 

% increase in R2 

Main effects model: Log(CPUE kg/tow+l) = Vessel ID, month, fishing year 

Annual Indices for the LNL model of CPUE (kg/tow+l), main vessels 

Fishing year 

Main effect 

model s. e. 



Table 16: BYX 2 target trawl fishery: GLL analysis of CPUE (kgltow), all vessels, 1989-90 to 1997-98 

Iteration 

Variables 
Vessel ID 
Month 
Fishing year 

Wing spread 
Statistical area 

Speed 
Start time 
Fishing time 
Bottom depth 
Net depth 
Net height 

Length 
Breadth 
Draught 
Power 
Tonnage 
LBD 
% decrease in deviance 

Deviance at iteration 
1 2 3 

GLL model: Log(CPUE kgltow) = Vessel ID, month, fshing year 

Annual indices for the GLL model of CPUE &/tow), all vessels 

Fishing year 
Main effect 

model s. e 



Table 17: BYX 2 target trawl fishery: GLL analysis of CPUE &/tow), from 1989-90 
to 1997-98, main vessels 

Iteration 

Variables 

Vessel ID 

Month 

Fishing year 

Wing spread 

Speed 
Start time 

Fishing ground 

Fishing time 

Bottom depth 

Net depth 

Net height 

Length 
Breadth 

Draught 

Power 

Tonnage 

LBD 
% decrease in deviance 

Deviance at iteration 

1 2 3 

3705.19 

3861.61 3578.78 

4078.33 3696.73 3567.67 

3889.67 3684.53 3560.37 

3977.00 3705.67 3577.91 

4083.10 3684.46 3557.57 

4030.75 3684.88 3571.04 

41 16.16 3705.16 3578.75 

4114.76 3683.18 3566.16 

4113.79 3678.52 3562.84 

41 16.16 3704.06 3577.55 

3973.92 3705.18 3578.78 

3842.79 3705.18 3578.78 

4030.56 3705.18 3578.78 

3870.90 3705.18 3578.78 

3902.43 3705.18 3578.78 

3963.67 3705.18 3578.78 

3.41 0.31 

GLL model: Log(CPUE kgltow) = Vessel ID, month, fishing year 

Annual indices for the GLL model of CPUE (kgkow) 

Fishing year 

Main effect 

model s. e. 
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Figure 1: The alfonsino fishery in QMA 2 showing major fishing grounds and statistical reporting 
areas 11-16,201-205. The 250 m and 750 m depth contours are also ihown. 



Fishing year 

Figure 2: BYX 2 target trawl fnhery: mean raw CPUE (Uday), by statistical area 
and fishing year, all vessels, 1989-90 to 1997-98. 

Statistical area 

Figure 3: BYX 2 target trawl fishery: mean and quartiles of raw CPUE (Uday), by 
statistical area, all vessels, 1989-90 to 1997-98. 



Month 

Figure 4: BYX 2 target trawl fishery: mean and quartiles of raw CPUE (Uday) 
by month in fishing year, all vessels, 1989-90 to 1997-98. 
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Figure 5: BYX 2 target trawl fishery: raw CPUE (Uday) and number of shotslday, 
and mean CPUElshot (x), all vessels, 1989-90 to 1997-98. 
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J?igure 6: BYX 2 target trawl fishery: mean and C.I. For raw CPUE (Uday) main vessels, and 
mean raw CPUE, all vessels, 1989-90 to 1997-98. 
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Figure 7: BYX 2 target trawl fishery: mean raw CPUE (Uday) by major fishing 
grounds, main vessels, 1989-90 to 1997-98. 
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Figure 8: BYX 2 target trawl fishery: mean CL for raw CPUE (t/tow) main vessels and 
mean raw CPUE, all vessels, 1989-90 to 1997-98. 
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Figure 9: BYX 2 target trawl fishery: mean raw CPUE (t/tow) by major fishing 
grounds, main vessels, 1989-90 to 1997-98. 
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Figure 10: BYX 2 target trawl fwhery: mean and C.I. for CPUE (Uday) by month, and 
monthly CPUE indices, all vessels 1989-90 to 1997-98, c=lO. 
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Figure 11: BYX 2 target trawl fishery: year indices, CPUE (catchlday) from the LNL main 
effects models, all vessels (stat. areas), and main vessels (main fishing grounds), 
and raw CPUE (t/day), 1989-90 to 1997-98. 
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Figure 12: BYX 2 target trawl fishery: amual CPUE indices from the GLL models 
of catcwday, all vessels and main vessels, and raw CPUE (tlday), 
from 1989-90 to 1997-98. 

Statistical area 

Figure 13: BYX 2 target trawl fishery: statistical area indices from the LNL model of 
catcwtow (all vessels), from 1989-90 to 1997-98. 
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Figure 14: BYX 2 target trawl fishery: month indices from the LNL all vessel, and main 
vessel models of CPUE (catcldtow) , mean and C.I. for raw CPUE (tltow), from 
1989-90 to 1997-98. 
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Figure 15: BYX 2 target trawl fishery: annual indices from the LNL all vessel, and main 
ain vessel models of CPUE (catcldtow), mean and C.I. For raw CPUE (tltow), 
from 1989-90 to 1997-98. 
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Figure 16: BYX 2 target trawl fishery: annual CPUE indices from the GLL models 
of catcWtow, all vessels and main vessels, and raw CPUE (t/tow), 
from 1989-90 to 1997-98. 



Appendix I: Regression diagnostics for CPUE (catchlday) 

Predicted Standard normal deviate 

BYX 2 target midwater trawl lhe ry :  plot of residual*predicted values for the LNL model (all vessels), 
log (wt+O.Ol) = no. of shots, vessel ID, month, fishing year. 

Predicted Standard normal deviate 

BYX 2 target midwater trawl fshery: plot of residual*predicted values for the LNL model (all vessels), 
log (wt+l) = no. of shots, vessel ID, month, fishing year. 

Predicted Standard normal deviate 

BYX 2 target midwater trawl fshery: plot of residual*predicted values for the LNL model (all vessels), 
log (wt+lO) = no. of shots, vessel ID, month, fishing year. 



Appendix I :  - continued 

Predicted Standard normal deviate 

BYX 2 target midwater trawl fishery: plot of residual*predicted values for the LNL model (main 
vessels), log (wt+O.Ol) = no. of shots, vessel ID, month, fishing year. 

Predicted Standard normal deviate 

BYX 2 target midwater trawl fishery: plot of residual*predicted values for the LNL model (main vessels), 
log (wt+l) = no. of shots, vessel ID, month, fuhing year. 

Predicted Standard normal deviate 

BYX 2 target midwater trawl fishery: plot of residual*predicted values for the LNL model (main vessels), 
log (wt+lO) = no. of shots, vessel ID, month, fuhing year. 



Appendix I : - continued 

Sensitivity analysis: log (catchlday+c), all vessels, 1989-90 to 1997-98 

Comparison of annual indices and R' for levels of the constant (c) 

Constant 

R= 

Fishing year 

198940 

1990-91 

1991-92 

1992-93 

1993-94 

1994-95 

1991-96 

1996-97 

1997-98 

3.0 1 Catchltow all vessels - - + - -c=O.Ol I 

Fishing year 

Scaled annual CPUE indices for reviewed levels of constant (c), all vessels, by fmhing year 
1989-90 to 1997-98. 



Appendix 1 : - continued 

Sensitivity analysis: log (catchlday+c), main vessels, 1989-90 to 1997-98 

Comparison of annual indices andR2 for levels of the constant (c) 

Constant 

R~ 

Fishing year 
198- 

1990-91 

1991-92 

1992-93 

1993-94 

1994-95 

1995-96 

1996-97 

1997-98 

3.0 I 
Catchltow main vessels 

1989-90 1991-92 1993-94 1995-96 1997-98 
Fehing year 

Scaled annual CPUE indices for reviewed levels of constant (c), main vessels, by tishing year 
1989-90 to 1997-98. 



Appendix 2: Regression diagnostics for CPUE (catchltow) 

BYX 2 target midwater trawl Phery: plot of residual*predicted values for the LNL model (all vessels), 
log ( 6 . 0 1 )  =vessel ID, month, statistical area, fishing year 

10 - 

- m 
3 
'p 0- 
U) 
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'10- 

Predicted Standard normal deviate 

10 - 

- , ,  

BYX 2 target midwater trawl f~hery: plot of residual*predicted values for the LNL model (all vessels), 
log (wt+l) = vessel ID, month, statistical area, fshing year 

6. 5 7. 0 7. 5 -2 0 2 

I I I I I I 

6.0 6.5 7.0 7 - 5  -2 0 2 

Predicted Standard normal deviate 

Predicted Standard normal deviate 

BYX 2 target midwater trawl fshery: plot of residual*predicted values for the LNL model (all vessels), 
log (wt+lO) =vessel ID, month, statistical area, fishing year 



Appendix 2: - continued 

Predicted Standard normal deviate 

BYX 2 target midwater trawl fishery: plot of residual'predicted values for the LNL model (main 
vessels), log (wtM.01) = vessel ID, month, fishing year 

Predicted Standard normal deviate 

BYX 2 target midwater trawl fshery: plot of residual'predicted values for the LNL model (main 
vessels, log (wt+l) =vessel ID, month, fshing year 

1 I I I 

6. 5 7. 0 7. 5 
I I 

-2 0 2 

Predicted Standard normal deviate 

BYX 2 target midwater trawl fnhery: plot of residual'predicted values for the LNL model (main vessels), 
log (wt+lO)= vessel ID, month, fshing year 



Appendix 2: - continued 

Sensitivity analysis: log (cateh/tow+c), all vessels, 1989-90 to 1997-98 

Comparison of annual indices a n d ~ l f o r  levels of the constant (c) 

Constant 

R~ 

Fishing year 

1989-90 

1990-91 

1991-92 

1992-93 

1993-94 

1994-95 

1995-96 

1996-97 

1997-98 

2.0 - Catchltow all ves se l s  - * - c=O.OI 

- -0- - c=l 

X 

/: C .- + / 
8 1.0 - 
W 
3 
a 
0 0.5 - 

0.0 

1989-90 1991-92 1993-94 1995-96 1997-98 
Fishing year 

Scaled annual CPUE indices for reviewed levels of constant (c), all vessels, by fishing year1989-90 to 
1997-98 



Appendix 2: - continued 

Sensitivity analysis: log (catch/tow+c), main vessels, 1989-90 to 1997-98 

Comparison of annual indices a n d ~ ~ f o r  levels of the constant (c) 

Constant 

R~ 

Fishing year 

198940 

1990-91 

199 1-92 

1992-93 

1993-94 

1994-95 

1995-96 

1996-97 

1997-98 

2.0 1 CatcMov main vessels I--.,--F0.0( 

0.0 4 I 

1984-90 1991-92 1993-94 1 99596 1997-98 

Fishing year 

Scaled annual CPUE indices for reviewed levels of constant (c), main vessels, by fishing year1989-90 to 
1997-98 


