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1. EXECUTIVE SUMMARY 

This is an update of the log-normal linear CPUE model for the Chatham Rise fishery with new analyses 
for two sub-regions of LIN 5 and 6. LIN 5 and 6 were split into two areas, the Bounty Plateau and the rest 
of the Southern Plateau (south of 46" S). 

The LIN 3 and 4 analysis was updated using catch and effort data for the years 1996 to 1998. The 
significant variables and the estimated year effects for the years 1990 to 1995 were similar to those of the 
previous analysis. The important variables were statistical area, year, month, and a mix of physical 
vessel characteristics. The year effects have declined from 1 in 1990 to 0.3 in 1998. The estimated year 
effects were not sensitive to extreme values or alternative error assumptions (gamma log-link model). 

For the Southern Plateau fishery, a log-normal linear model was used which included vessel as a 
categorical variable. Estimated year effects were lowest in 1991 and have fluctuated between 0.9 and 1.3 
ever since. The most important variable was statistical area followed by vessel, year and month. 
Sensitivity analyses examining the effects of model assumption on the estimated year effects found that 
they were not sensitive to extreme values or alternative error assumptions (gamma log-link model) 
Models compared for the Southern Plateau fishery produced similar results and it is recommended that 
the indices be used an index of relative abundance in a stock assessment model. 

Considerably fewer data were available for the Bounty Plateau fishery. The data were analysed using a 
log-linear normal model with vessel as a categorical variable. The year effects decreased from 1 to 0.4 
over the first three years (1992 to 1995) but have remained relatively constant since. Estimated year 
effects were similar across the different models examined and followed the same trend observed in the 
unstandardised indices, indicating the standardised indices were not sensitive to alternative model and 
data assumptions. Due to the lack of data in the last two years, the indices may not reflect relative 
abundance in recent years. 

2. INTRODUCTION 

Ling are widely distributed through the middle depths (200-800 m) of the New Zealand EEZ, particularly 
to the south of latitude 40" S (Anderson et al. 1998). Horn & Cordue (1996) suggested that there are 
probably at least four ling stocks: west coast South Island, Chatham Rise, Bounty Plateau, and the 
Southern Plateau (including the Stewart-Snares shelf and Puysegur Bank). Returns from the ling fishery 
have increased steadily in recent years and in 1995 ling was New Zealand's third most valuable finfish 
species, returning over $55 million FOB (N.Z. Fishing Industry Board 1996). The TACC for the Chatham 
Rise fishery increased 30% under the adaptive management programme in the 1994-95 fishing year. 
Total landings have increased since 1983-84 and have been about 20 000 t for the last three years 
(Annala et al. 1998). In 1996-97 TACCs in LIN 5,6, and 7 were all over-caught. 



Ling stocks 3,4, 5, and 6 are currently monitored by research trawl surveys. The Chatham Rise (mainly 
LIN 4) is monitored by a summer survey, and the Southern Plateau (LIN 6) and the Stewart-Snares shelf 
(LIN 5 )  are monitored by autumn surveys in April and February respectively. Ballara (1997) performed 
the first standardised CPUE analysis for the Chatham Rise fishery and also described the history of the 
fishery. Horn & Cordue (1996) reported the results of stock assessments for the Chatham h s e  and 
Southern Plateau (i.e., LIN 5 and 6 but excluding the Bounty Plateau) fisheries. CPUE indices of 
abundance have been used in the Chatham Rise fishery, but assessments of the Southern Plateau fishery 
have relied on these trawl surveys for abundance indices. Both fisheries were thought to be above BUY 
and it was thought that catches at current levels would help move the stocks towards a size that would 
produce MSY (Annala & Sullivan 1997). There has been no assessment for the Bounty Plateau area of 
LIN 6. 

This report describes standardised CPUE analyses for the Chatham Rise longline fishery from 1990 to 
1998, the Southern Plateau longline fishery from 1991 to 1998, and the Bounty Plateau longline fishery 
from 1992 to 1998. The Chatham Rise analysis is an update of the "all longline" analysis by Ballara 
(1997) and involved the addition of the data since 1995 and used the lognormal linear model (LNL) 
described by Vignaux (1992, 1993). The analyses for the other two areas were the first attempted on the 
longline fisheries so a number of different models were compared, including the LNL and a generalised 
linear model incorporating a gamma distribution and log-link function (GLL) model of the type described 
by Vignaux (1994). 

3. THE DATA 

3.1 Information available, data constraints, and error checks 

Catch and effort data were extracted from the fishery statistics database managed by the Ministry of 
Fisheries (MFish). The extract was taken in March 1999. It is possible that records for the 1998 calendar 
year were incomplete because of records not yet supplied by fishing vessels, records not yet punched by 
the Ministry, or forms sent back to quota-holders for correction. The likely extent of missing records is 
discussed below. 

3.1.1 Chatham Rise 

All catch effort landing returns (CELR) records for the Chatham Rise bottom longline fishery catching or 
targeting ling from LIN 3 and LIN 4 were extracted. All of the data from south of 46" S (statistical areas 
026,302, and 303) were incorporated into the LIN 5 and 6 analysis (see Figure 1). 

Chatham Rise data were accepted if all the following constraints were met (following Ballara (1997)): 

set catches less than 25 000 kg; 
number of hooks between 50 and 35 000 per day; 
CPUE (catch per hook) less than 10 kg; 
1990 to 1998 calendar years; 
number of sets less than 10 per day; 
number of longline records for a vessel greater than 5 in one year; 
target species reported as ling. 

Outliers were examined and altered if the cause of the error was apparent, otherwise outliers were 
removed. 



It was found that at least one vessel had been recording individual set data on separate CELR forms. This 
caused bias in initial CPUE analyses as the vessel contributed about four times as many records per day 
fishmg than the other vessels. Subsequently, all data were condensed (catches and hooks summed over 
vessel, day, and statistical area) to ensure that all the records represented total catch and effort per day. 
This resulted in a 40% decrease in the total number of records. 

Examination of the zero records indicated that almost all represented either duplicated records (two 
records for a particular day, one with and one without catches) or obvious mistakes (two or three days 
fishing without a single ling). Zero observations made up less than 0.5% of the data and only five of these 
were not obvious errors (about 0.007% overall): subsequently, all zero observations were removed. 

The number of records, catch, and number of vessels by year is given in Table 1. A total of 7201 
observations were available for the Chatham Rise analysis. Catches and vessel participation were lowest 
in 1990 (408 t and 12 vessels) and highest in 1994 (4040 t and 17 vessels). Between 1990 and 1998, 55 
vessels have participated in the fishery. 

The proportion of records from November and December was compared for the last three year: there was 
a higher proportion of records in 1998 than in previous years. There was no obvious decline in records 
towards the end of the 1998 indicating missing data. There is no evidence to suggest that there are large 
numbers of records missing from the end of 1998. 

Data for 1990 to 1998 were used in the unstandardised and standardised CPUE analyses. 

3.1.2 Southern Plateau and Bounty Plateau 

All CELR records for the Southern Plateau (as defined in Figure 1) for the fisheries catching or targeting 
ling were extracted. The Bounty Plateau fishery comprised records from statistical areas 607-609, 
613-615, and 621 and 622. 

The data acceptance constraints were similar to those used for the Chatham Rise fishery. Only a very 
small proportion of the records were non-ling target and not caught using the bottom longline method. 
These data were removed as they represented only a small portion of the catch but came from many 
vessels. The number of zero observed catches was low ( less than 0.3%): these records had the same 
patterns as those from the Chatham h s e  data set and were removed. 

Data were compressed where vessels had filled in several CELR forms per day. Condensing the data to 
represent catch per day reduced the number of records by over 50%. The number of records, catch, and 
number of vessels by year is given in Table 1. 

A total of 3308 records were available for the Southern Plateau analysis. Catches and vessel participation 
have increased over the duration of the fishery reaching a peak in 1997 (2542 t and 11 vessels). Between 
1991 and 1998,24 vessels have participated in the fishery. 

Considerably fewer data were available for the Bounty Plateau fishery and records for the first year of the 
fishery were excluded from the analysis. This left 786 records for the analysis. Catches and vessel 
participation in this fishery peaked from 1992 to 1994, with 662 t to 123 1 t taken by four to five vessels. 
The fishery subsequently declined with only one vessel in the fishery during 1998. 



The proportion of records from November and December were compared for the last three years for each 
area. There was a lower proportion of records in 1998 than in previous years for both areas. Although 
there was no obvious decline in records towards the end of the 1998 indicating missing data, there were 
considerably less records at the end of 1998 for the Bounty Plateau fishery than observed in previous 
years. It is not possible to determine what proportion of data were missing. 

For the Southern Plateau, records from 1991 to 1998 were used in the analysis, and the for the Bounty 
Plateau records from 1992 to 1998 were used. 

3.2 Variables 

3.2.1 Chatham Rise 

Variables used in the analysis were similar to those used by Ballara (1997) and are described in Table 2. 
CPUE was defined as catch per hook per day, i.e., daily catch in kilograms divided by the number of 
hooks used on that day by that vessel. Calendar year was preferred to fishing year because of a seasonal 
trend running from June to December (see Ballara (1997); (Figure 2a). The season variable was taken as 
the day of year following Ballara (1997). The Southern Oscillation Index (SOI) as a 5-monthly running 
mean was included. 

The vessel variables year built, vessel type (autoliner or not), and tonnage were not included as there 
were missing values for these fields for some vessels and it was considered better to include all vessels 
given that the three variables were not significant in any of the runs presented by Ballara (1997). Due to 
the large number of vessels in the fishery it was not appropriate to use individual vessels as categorical 
variables. 

3.2.1 Southern Plateau and Bounty Plateau 

Variables used in the analysis were the same as those used for the Chatham Rise analysis (see Table 2). 
Calendar year was used instead of fishing year for consistency with other ling CPUE analyses (Ballara 
1997). Examination of LOWESS fits to log(CPUE) versus day of year did not indicate any strong 
evidence for a seasonal effect, so the season variable was taken as day ofyear. 

As there were few vessels in the southern fisheries it was decided to include vessel as a categorical 
variable in the base models. As individual vessel variables use up n - 1 degrees of fi-eedom, a sensitivity 
analysis was performed where vessel was not included and the physical vessel characteristics were fitted 
instead. 

4. THE MODELS 

4.1 Lognormal linear (LNL) model 

The lognormal linear (LNL) model is the same as that described by Vignaux (1992, 1993) where CPUE is 
the catch per unit effort for a particular tow or hook. A forwardshackwards (simultaneously) stepwise 
multiple regression fitting algorithm was employed using the statistical package S as this is more efficient 
than either procedure alone (Chambers & Hastie 1991, Venables & Ripley 1994). Starting with the 
intercept model (no parameters), the algorithm adds or removes variables based on changes in residual 
deviance. The explanatory power of a particular model was described by the reduction in residual 
deviance relative to the null deviance defined by a simple intercept model. 



4.2 Gamma, with log-link function (GLL) model 

The GLL model used here is the same as that described by Vignaux (1994) and attempts to minimise the 
residual deviance by changing the parameters of the linear model. Expected and observed values are 
compared in untransformed space, so zero values can be left in the model and no arbitrary replacement is 
required. The fitting procedure and parameter selection procedures were the same as those used for the 
LNL model. The GLL model was used here as an alternative model of the error structure to the LNL 
model. The GLL model assumes that the variance is proportional to the mean squared. Further 
alternative models are available using a GLM Eramework with a log-link function and quasi-likelihood. 

4.3 Comparing models 

Models were compared by examining plots of the residuals from each final model, observed CPUE 
values against fitted values, and QQ plots (quantile-quantile plots) of the residuals. QQ-plots compare the 
quantiles of the standardised residuals with those from a particular distribution (Venables & hpley 
1994). A number of sensitivity analyses were carried out for each region to determine the sensitivity of 
the year effects to various data and model assumptions. 

4.4 Interaction terms 

Interaction terms allow for the relationship between CPUE and a particular explanatory variable to vary 
with another explanatory variable (e.g., an interaction between day of year and vessel indicates that the 
relationshp between CPUE and day of year differs with vessel). Interaction terms were considered only 
when the main effects had been selected by the model and added or removed by the same criteria as main 
effects. As the primary interest is the relative year effects, possible interactions with year were not 
considered. 

Interaction terms were considered only for one sensitivity analysis for the Bounty Plateau. It was not 
possible to perform a similar analysis for the Chatham f i s e  or Southern Plateau fisheries due to memory 
problems with S. 

4.5 Unstandardised CPUE 

Unstandardised CPUE was derived for each year and region from the data sets used to calculate the 
standardised indices. The annual indices were calculated as the mean of the individual daily catch rates 
(kg per hook), scaled to give a value of 1 for the base year for that particular region. Unstandardised 
indices were also calculated for the important statistical regions in each area to check for consistency 
within regions. 

5. RESULTS 

5.1 Chatham Rise 

Statistical area was the most important variable with the reduction in residual deviance 19.7% of the null 
deviance. Other variables selected were year, month, LBD, breadth, and kw (Table 3). Overall the 
reduction of residual deviance was 42.2% of the null deviance. The estimated year effects have declined 
steadily to about one third of the 1990 value. The unstandardised CPUE exhibits a similar trend to that 
seen in the standardised year effects (Table 4 and Figure 2). 



The LNL model fitted relatively well, but there is some evidence that the model overestimated the low 
catch rates, as seen in the residual plots in Figure 3. This is shown by the large negative residuals for the 
larger negative log(CPUE) estimates (representing low catch rates), the observed versus predicted plot, 
and evidence of over-dispersion in the QQ-plot. 

A sensitivity analysis was performed which the top and bottom 1% of the data were removed. The overall 
explanatory power of the model was slightly reduced and all the year effects were mostly 5-10% higher 
than the 1990 value (Appendix 1). Year effects from a GLL model were 5-10% higher than those from 
the base case (Appendix 1). For both sensitivity analyses, Draught replaced kw as the last variable 
selected. 

5.2 Southern Plateau 

The variables statistical area, vessel, year, and month were significant in the base case LNL model with 
the reduction in residual deviance being 39.9% of the null deviance (Table 5). The year effects show no 
trend over time, ranging from 0.98 to 1.32 (Table 6). The base model fitted relatively well, but there was 
evidence of non-normality in the residuals (Figure 5). The unstandardised indices from 1992 onwards are 
all lower than the standardised indices (Table 6 and Figure 4). 

Sensitivity analyses produced very similar model fits and indices (see Appendix 1). The year effects have 
remained close to 1 while the unstandardised indices have decreased slightly. The GLL model gave 
similar results to the base case. The year effects were all lower than those from the base case. The GLL 
model fit is given in Figure 6. When vessel was excluded from the LNL model no other variable took its 
place. Removal of the top and bottom 1% of observations (CPUE) had little effect on the estimated year 
effects, but did increase the explanatory power of the model. 

5.3 Bounty Plateau 

In the base model, statistical area was the most important variable with the reduction in residual 
deviance 20.9% of the null deviance. In addition vessel, year, and month were selected by the model. 
Overall the reduction in residual deviance was 41.7% of the null deviance (Table 7). The unstandardised 
indices are slightly hgher than the standardised indices but show a similar trend (Figure 7 and Table 8). 
Diagnostic plots indicated that both the LNL models fitted relatively well (Figure 8), but there was 
evidence of non-normality in the residuals. 

Again, all the sensitivity analyses produced very similar model fits and indices (see Appendix 1). In all 
cases, the year effects decreased over the first two years of the fishery and have remained relatively 
constant since. The GLL model selected the day of year variable in addition to those in the base model, 
and year was the most important variable. Diagnostic plots of the GLL fit showed no evidence of 
departure from the model assumptions (Figure 9). When first order interactions were modelled, three of 
these were selected in the model (Appendix 1) and the explanatory power (53.1%) was greater than the 
base model. 



6. DISCUSSION 

6.1 Chatham Rise 

This is an update of the 'all longliners' LNL model used by Ballara (1997) with the addition of catch and 
effort data for 1996 to 1998. The analysis differed slightly in that zero tows were removed because a high 
proportion of them were thought to be errors. The important variables are similar with year, statistical 
area, and month important in both studies. 

The model explained an acceptable amount of residual deviance (over 40%) and the standard error 
estimates were low (estimated c.v.s of around 6-7%). Although there is some concern that the model is 
unable to fit the low and high catch rates and some evidence of non-normality in the residuals, the results 
do not appear to be sensitive to these data. Overall the model fit is very similar to that obtained by Ballara 
(1997). 

Ballara (1997) found that the estimated year effects declined from 1 in 1990 to about 0.6 in 1995. Results 
presented here indicate that catch rates have continued to decline since 1995 to about 0.3 in 1998. 
Unstandardised CPUE showed consistent trends across the important statistical areas with a constant 
decline over time in statistical areas 018, 020, and 410 (Figure 10). These indices will be used in a stock 
assessment model which considers all catch, CPUE, catch at age, and other information. 

6.2 Southern Plateau 

These are the results of the first standardised CPUE analysis for LIN 5 and 6 (excluding the Bounty 
Plateau). The model performed slightly worse than the Chatham Rise analysis in explained variance, but 
better in its ability to model high and low catch rates. Due to the smaller number of vessels in the fishery 
it was possible to use vessel as a categorical variable rather than individual vessel characteristics. This 
allows us to treat each vessel as a separate entity which could incorporate more information than just the 
physical vessel characteristics (e.g., skipper experience). The important variables selected in the model 
were vessel, year, month, and statistical area. 

The estimated year effects for the model and sensitivity runs were all similar, with the first year, 1991, 
having the lowest index and the indices fluctuating slightly up and down since. There were no obvious 
trends in any of the estimated year effects. Unstandardised CPUE was compared for the important 
statistical areas 030, 618, and 610 and no trend was seen in any of these areas (Figure 11). Ballara (1997) 
also found no trend in estimated indices from the ling trawl fishery in the Puysegur area of LIN 5 which 
is based in statistical area 030. It is considered that these indices should be used as indices of abundance 
in a stock assessment model incorporating all available information. 

6.3 Bounty Plateau 

This is the first standardised CPUE analysis for the Bounty Plateau. This was done as it is believed that 
the fish from the Bounty Plateau region form a separate biological stock from those in the rest of LIN 5 
and 6 (Horn & Cordue 1996). The resulting data set was considerably smaller than that of the Southern 
Plateau analysis and there were less than 100 records for each of the last two years. 

The estimated year effects were similar across the range of models compared and indicated a significant 
decline for the f i s t  two years followed by a period of small fluctuations between 0.4 and 0.5. 
Unstandardised CPUE was compared for the two main statistical areas fished, 607 and 608, with both 



showing a decline over time (Figure 12). Due to the decreasing fishing effort, the indices may not reflect 
changes in relative abundance for at least the two most recent years (1997 and 1998). For this reason it is 
not recommended that these indices be used as the sole source of abundance data in a stock assessment 
model. 
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Table 1: Summary of data used in the standardised CPUE analyses 

1990 1991 1992 1993 1994 1995 1996 1997 1998 Total 
Chatham Rise 
Records (vessel days) 324 738 845 742 969 993 952 1074 564 7 201 
Catches (t) 408 1614 3 240 2 996 3 871 4040 3 379 2 938 2 104 24 590 
Number of vessels 12 16 14 15 16 17 17 15 12 55unique 

Southern Plateau 
Records (vessel days) 160 276 310 384 397 451 694 636 3 308 
Catches (t) 500 1110 1279 1496 1961 2004 3103 2542 13994 
Number of vessels 5 4 8 8 7 10 11 11 24unique 

Bounty Plateau 
Records (vessel days) l8* 171 221 140 58 91 63 42 786 
Catches (t) 112* 1 034 1 231 662 254 445 255 278 4 159 
Number of vessels l*  4 5 4 3 2 2 1 5 unique 
* excluded from the analysis and not included in the totals 

Table 2: Summary of the variables used in the CPUE models 

Variable 
Year 
Month 
Day 
Statistical area 
CPUE 
SO1 
Vessel 
Length 
Breadth 
Draft 
LBD 
kw 

Description 
Calendar year 
Month of year 
Day of year 
Statistical area for the set 
Ling catch (kg) per number of hooks hauled in a day 
Southern Oscillation Index, five month running mean 
Categorical vessel variable 
Overall length of vessel, in meters 
Breadth of vessel, in meters 
Draft of the vessel, in meters 
Vessel length x breadth x draft 
Power of the vessel engine in kilowatts 

Table 3: LNL model for the Chatham Rise ling BLL fishery 

Step Variable % deviance 
1 Statistical area 19.7 
2 Year 33.5 
3 Month 35.9 
4 P O ~ Y  (LBD, 3) 37.7 
5 Breadth 41.1 
6 kw 42.2 



Table 4: Standardised (with standard errors) and unstandardised year effects for 
the Chatham Rise ling BLL fishery 

Calendar Year 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 

Unstandardised 
1 .ooo 
0.828 
0.642 
0.560 
0.514 
0.518 
0.346 
0.260 
0.257 

LNL (SE) 
1 .ooo (0.00) 
0.758 (0.04) 
0.845 (0.05) 
0.694 (0.04) 
0.687 (0.04) 
0.661 (0.04) 
0.428 (0.03) 
0.326 (0.02) 
0.318 (0.02) 

Table 5: LNL and GLL models for the Southern Plateau ling BLL longline fishery 

Step LNL GLL 
variable % deviance variable % deviance 

1 Statistical area 28.7 Vessel 39.4 
2 Vessel 36.9 Statistical area 45.1 
3 Year 38.7 Year 46.7 
4 Month 39.9 Month 47.8 

Table 6: Standardised (with standard errors) and unstandardised year effects for 
the Southern Plateau ling BLL fishery 

Calendar year Unstandardised 
1991 1 .OOO 
1992 0.960 
1993 0.845 
1994 0.739 
1995 0.917 
1996 0.874 
1997 0.745 
1998 0.714 

LNL (SE) 
1.000 (0.00) 
1.259 (0.08) 
1.283 (0.09) 
0.980 (0.06) 
1.323 (0.09) 
1.052 (0.07) 
1.168 (0.07) 
1.008 (0.06) 

GLL (SE) 
1 .ooo (0.00) 
1.218 (0.08) 
1.202 (0.08) 
0.922 (0.06) 
1.219 (0.08) 
0.980 (0.06) 
1.043 (0.06) 
0.953 (0.06) 

Table 7: LNL and GLL models for the Bounty Plateau ling BLL longline fishery 

LNL GLL 
Step variable % deviance variable 
1 Statistical area 20.9 Year 
2 Vessel 28.7 Vessel 
3 Year 35.1 Month 
4 Month 41.7 Statistical area 
5 P O ~ Y  (day93) 

% deviance 
9.7 

18.0 
24.5 
29.5 
30.0 



Table 8: Standardised (with standard errors) and unstandardised year effects for 
the Bounty Plateau ling BLL fishery 

Calendar year Unstandardised 
1992 1 .OOO 
1993 0.908 
1994 0.658 
1995 0.571 
1996 0.645 
1997 0.552 
1998 0.703 

LNL (SE) 
1.000 (0.00) 
0.839 (0.06) 
0.524 (0.06) 
0.380 (0.05) 
0.538 (0.05) 
0.434 (0.05) 
0.460 (0.07) 

GLL (SE) 
1 .ooo (0.00) 
0.876 (0.06) 
0.559 (0.04) 
0.423 (0.05) 
0.579 (0.05) 
0.463 (0.05) 
0.488 (0.06) 
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Figure 1: Areas used in the standardised CPUE analyses. 
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Figure 2: Standardised (f 2 standard errors) and unstandardised year effects for the Chatham Rise ling BLL 
fishery. 
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Figure 3: Diagnostic plots for the LNL model of the Chatham Rise longline fishery. 
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Figure 4: Standardised (+ 2 standard errors on LNL indices) and unstandardised year effects for the Southern 
Plateau BLL fishery. 
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Figure 5: Diagnostic plots for the LNL model of the Southern Plateau longline fishery 



-2.5 -2.0 -1.5 -1 .O -0.5 0.0 0.5 
Fitted values 

0 

-2.5 -2.0 -1.5 -1 .O -0.5 0.0 0.5 
Fitted values 

Figure 6: Diagnostic plots for the GLL model of the Southern Plateau longline fishery. 
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Figure 7: Standardised (f 2 standard errors on LNL indices) and unstandardised year effects for the Bounty 
Plateau BLL fishery. 
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Figure 8: Diagnostic plots for the LNL model of the Bounty Plateau longline fishery. 
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Figure 9: Diagnostic plots for the GLL model of the Bounty Plateau longline fishery. 
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Figure 10: Unstandardised CPUE (kg per hook) for the three main statistical areas in the Chatham Rise 
longline fishery. 
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Figure 11: Unstandardised CPUE (kg per hook) for the three main statistical areas in the Southern Plateau 
longline fishery. 
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Figure 12: Unstandardised CPUE (kg per hook) for the two main statistical areas in the Bounty Plateau 
longline fishery. 



Appendix 1: Results of the base model runs and sensitivity analysis 

Chatham Rise 

The variables selected and year effects for the base case model and sensitivity analyses are described 
below: 

Base case - LNL model; 

Statistical area 
Year 
Month 
P O ~ Y  (LBD, 3) 
Breadth 
kw 

Extremes removed - same as above except the top and bottom 1% of values were removed; 

Statistical area 
Year 
Month 
poly (LBD, 3) 
Breadth 
Draught 

GLL - same as above except that CPUE was modelled using a gamma log-link GLM; 

Statistical area 
Year 
Month 
poly (LBD, 3) 
Breadth 
Draught 

Year 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 

Year effect 
Extremes 

Base case removed GLL 
1 .ooo 1 .ooo 1.000 
0.758 0.853 0.883 
0.845 0.973 0.894 
0.694 0.776 0.738 
0.687 0.747 0.701 
0.661 0.701 0.681 
0.428 0.477 0.457 
0.326 0.383 0.366 
0.318 0.372 0.371 

% deviance 



Southern Plateau 

The variables selected and year effects for the base case model and sensitivity analyses are described 
below: 

Base case - LNL model which fitted individual vessels as categorical variables; 

Statistical area 
Vessel 
Year 
Month 

Extremes removed - the top and bottom 1% of values were removed; 

Statistical area 
Vessel 
Year 
Month 

No vessel key - individual vessel characteristics were modelled as continuous variables; 

Statistical area 
Year 
Month 

GLL - a gamma distribution was assumed for the error structure; 

Statistical area 
Vessel 
Year 
Month 

Year 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 

Base case 
1 .ooo 
1.259 
1.283 
0.980 
1.323 
1.052 
1.168 
1.008 

Extremes 
removed 

1 .ooo 
1.288 
1.273 
0.993 
1.337 
1.063 
1.152 
1.009 

No vessel key 
1 .ooo 
1.307 
1.272 
0.975 
1.358 
1 . O X  
1.141 
0.955 

Year effect 

GLL 
1 .ooo 
1.218 
1.202 
0.922 
1.219 
0.980 
1 .O43 
0.953 

% deviance 



Bounty Plateau 

The variables selected and year effects for the base case model and sensitivity analyses are described 
below: 

Base case - LNL model which fitted individual vessels as categorical variables; 

Statistical area 
Vessel 
Year 
Month 

Extremes removed - the top and bottom 1 % of values were removed; 

Vessel 
Year 
Month 
Statistical area 

Interaction model - first order interactions were fitted (:: denotes an interaction); 

Statistical area 
Vessel 
Year 
Month 
Vessel :: Month 
Month :: Statistical area 
Vessel :: Statistical area 

GLL - a gamma distribution was assumed for the error structure; 

Year 
Month 
Vessel 
Statistical area 
poly(day of year, 3) 

Year 
1992 
1993 
1994 
1995 
1996 
1997 
1998 

% deviance 

Base case 
1 .ooo 
0.839 
0.524 
0.380 
0.538 
0.434 
0.460 

41.7 

Extremes 
removed 

1 .ooo 
0.882 
0.533 
0.476 
0.552 
0.436 
0.507 

Interaction 
model 
1 .ooo 
0.750 
0.5 11 
0.429 
0.486 
0.406 
0.436 

Year effect 

GLL 
1 .ooo 
0.876 
0.559 
0.423 
0.579 
0.463 
0.488 


