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EXECUTIVE SUMMARY 

Horn, P.L. (2002). CPUE from commercial line fsheries for ling (Genypterus blacodes) around 
the South Island, New Zealand, 1990 to 2001. 

New Zealand Fisheries Assessmeni Report 2002B8.29 p. 

Existing series of CPUE for commercial line fisheries for ling on the Chatham Rise &IN 3&4), the 
Campbell Plateau &IN 5&6), the Bounty Plateau &IN 6B), and the west coast of the South Island 
(WCSI) &IN 7WC) were updated to include data to the end of the 2001 calendar year. Series are 
available for Chatham Rise and WCSI fiom 1990 to 2001, for the Campbell Plateau &om 1991 to 
2001, and for theBounty Plateau fiom 1992 to 2001. 

Data were groomed to remove as many errors as possible, and selected to ensure that the analysed 
data related to vessels that had consistently targeted and caught significant landings of ling (and so 
were likely to truly represent experienced and competent lmg fishers). Data were modelled using a 
lognormal linear analysis to produce a set of standardised indices for each stock. Full interaction 
effects were allowed. Coefficients of selected variables were examined to ensure that they had a 
plausible range. Any selected interaction variables causing implausible ranges in the coefficients of 
the main variables were removed &om the final models. 

In a major change fiom previous analyses, the unit of CPUE was defmed as catch per day (i.e., daily 
estimated catch in kilograms by a vessel in a particular statistical area), instead of catch per hook per 
day, and number of hooks set per day was offered as a predictor variable. This was done because it is 
apparent that catch rate per hook varied with the number of hooks set per day, particularly when the 
number of hooks set is low. However, despite this change, the patterns of the derived series of indices 
for the Chatham Rise, WCSI, and Bounty Plateau fisheries were similar to (although slightly more 
optimistic than) those obtained in the most recent previous CPUE analysis. The series derived for the 
Campbell Plateau stock is less optimistic than that fiom the previous analysis, owing to the inclusion 
of interaction effects. 

The standardised indices indicated that, since the early 1990s, lmg stocks targeted by line fisheries 
had declined by about 30% on the Campbell Plateau and 50% on the Chatham Rise and Bounty 
Plateau, and declined but then recovered off WCSI. 



1. INTRODUCTION 

This document reports the results of Project LIN2001/01, Objective 2, to update the standardised catch 
and effort analyses from the ling longline fisheries in LIN 3,4,5,6, and 7 with the addition of data up to 
the end of the 2000-01 fishing year. 

The updated series were from commercial line fisheries for Iing on the Chatham Rise and the west 
coast South Island (WCSI) from 1990 to 2001, the Campbell Plateau from 1991 to 2001, and the 
Bounty Plateau from 1992 to 2001. These four fisheries account for about 95% of New Zealand's 
line-caught ling (Horn 2001). The method principally used in all areas is bottom longhe. The history 
of the fisheries in each area was described by Horn (2001). 

Series of longline CPUE indices have been used as inputs into population models for ling since 1996. 
They have been the only indices of relative abundance available from the commercial fisheries. The 
series presented here will be incorporated into the 2002 assessments for Fishstocks LIN 3,4 ,5 ,6 ,  and 
7. The stock units used in the stock modelling are denoted as follows: 

Chatham Rise: QMAs 3 & 4 (LIN 3&4) 
Campbell Plateau: QMA 5, and QMA 6 west of 176' E (LIN 5&6) 
Bounty Plateau: QMA 6 east of 176' E (LIN 6B) 
WCSI: QMA 7 west of Cape Farewell (LJN 7WC) 

The most recently reported ling CPUE analysis (Horn 2002a) showed that the longline CPUE series 
appeared to perform well in relation to the four discussion points raised by Dunn et al. (2000). For 
each stock there is a good likelihood that CPUE is an index of abundance (for that part of the 
population targeted by the line fishery), that the data are comprehensive and accurate, and that the 
modelling method was valid. Fishery-independent data from two of the stocks support the CPUE 
trends. 

2. METHODS 

2.1 Data grooming 

Catch and effort data extracted from the fishery statistics database managed by the Ministry of 
Fisheries w i s h )  were used in these analyses. All catch effort landing return (CELR) records where 
ling were targeted or caught from pywhere in the New Zealand EEZ were extracted and groomed to 
rectify as many errors as possible. The kinds of errors included: 

missing values (which could be filled based on preceding and following sets), 
data entry errors owing to unclear writing (e.g., several consecutive days of fishing in area 
33 was punctuated by a single set recorded from area 23, target species recorded as 'ZIM'), 
incorrect set positions, owing either to incorrect recording of east or west for longitudes, or 
to errors of lo in latituae or longitude (often obvious based on preceding and following 
sets), 
transposition of some data (e.g., transposition of number of hooks and number of sets), 
recording QMA number as statistical area. 

The groomed data (from the 1989-90 fishing year to the end of the 2001 calendar year) are stored in a 
relational database table (t-lin-celr) administered by NlWA for Wish .  Data from the 2001 calendar 
year were obtained from W i s h  in April 2002. 

The data used in the CPUE analyses are the estimates of ling weight caught per set. Horn (2002a) 
discussed the possibility that some fishers may record estimated processed (e.g., headed and gutted) 



weight in this section of the CELR form It was concluded that this error was most likely to occur on 
smaller vessels landing the catch unfrozen, and less likely on the large auto-longlinen. It was also 
concluded that if a vessel skipper consistently misreported the estimated catch weight, then this 
consistent bias would be largely explained in the CPUE analysis by the vessel effect. The problem 
would be most influential if the errors were not consistent over time, for example, where reports from 
a vessel were incorrect (i.e., estimated processed weight) for several years early in the series, and then 
correct (i.e., estimated greenweight) for some years after that. 

To gauge the extent of this problem, data were extracted from the fisheries statistics database on a 
trip-by-trip basis, from all trips since the start of the 1989-90 fishing year using a lining method and 
having ling as a stated target species. For each trip, the total landed greenweight and the sum of all 
set-by-set estimates of weight were obtained. A comparison of the two values from each hip (Figure 
1) shows the overall relationship to be approximately one-to-one; on average, the estimated weight 
was 94% of the landed weight. However, while the relationship was close to the desired one for trips 
producing large catches (i.e., the auto-longline hips), it was apparent that for trips producing less than 
50 t, estimated weight was often much lower than landed weight (Figure 2A). A frequency plot of the 
ratios of estimated weight to landed greenweight by trip produces a bimodal distribution (Figure 3). 
The mode at 1.00 is from trips where greenweight was estimated; the mode at 0.68 is presumed to be 
from trips where processed weight was estimated. The trough between these modes is at 0.80. The 
reciprocal of 0.68 (i.e., 1.47) is very close to the accepted conversion factor for headed and gutted ling 
of 1.45, and, hence, provides further support that processed weight was frequently being reported. 

The distribution of the ratios indicated that it would be possible to split trips into two groups based on 
the likely "class" of weight estimated. However, the data were further investigated to determine 
whether individual vessels consistently reported the same "class" of estimated weight. Ratios were 
plotted over time for each vessel that had reported at least 15 trips targeting ling. A visual inspection 
of these plots indicated which vessels had clearly reported different estimated weight "classes" at 
different times. An example plot (Figure 4) shows a vessel that reported on average 98% of 
greenweight until mid 1995 and after mid 2000, but reported on average 81% of greenweight in the 
interim period. Of the 128 vessels completing 15 trips or more, only 10 clearly changed the class of 
estimated weight reported sometime during their fshing history. Consequently, data from these 
vessels were adjusted as indicated by the following example using the vessel depicted in Figure 4. 
Estimated weights from each set in all trips by this vessel from the low ratio period were increased to 
standardise all estimates at the higher ratio value, i.e., estimated catches from all sets from mid 1995 
to mid 2000 were increased by afactor of 1.21 (= 0.9810.81). 

Following the corrections to estimates from these 10 vessels, data were split into two groups based on 
the overall mean ratio for each vessel, where the ratio was either greater than or less than 0.8. These 
data sets are plotted in Figures 2B and 2C, respectively. In Figure ZB, the points are spread around the 
one-to-one line, but with overall estimated weight being about 86% of landed weight. In Figure 2C, 
virtually all the points are below the one-to-one line, and have a regression indicating that they 
consistently reported estimated processed weight. Consequently, it is believed that, following the 
standardisation of the data from the 10 vessels whose reporting method changed over time, any 
reporting differences between vessels should be adequately explained by the vessel effect in the 
subsequent CPUE analyses. 

2.2 Variables 

Variables used in the analysis are described in Table 1. In previous analyses, CPUE was defined as 
catch per hook per day, i.e., daily estimated catch in kilograms divided by the number of hooks used 
on that day by that vessel in a particular statistical area. However, Horn (2002a) showed that catch 
rate per hook varied with the number of hooks set per day (Figure 5), particularly when the number of 
hooks set is low (i.e., less than 5000). Consequently, in the current analysis, C P m  was defined as 
catch per day (i.e., daily estimated catch in kilograms by a vessel in a particular statistical area), and 



number of hooks set per day was offered as a predictor variable. Hook number per day was offered 
both as an unttansfonned number and as log-ttansformed data. 

The season variable was taken as the day of year. The Southern Oscillation Index (SOX) was included 
as a 3-monthly running mean (using the SO1 from the month in which fishing occurred, and the two 
preceding months). 

Variables describing vessels were offered to the model both as a categorical vessel identifier and as a 
series of continuous vessel parameters (i.e., length, breadth, draught, power, tonnage). Any vessel 
effect is explained either by the categorical variable, or by some of the vessel parameters, but not a 
combination of both categorical and continuous variables. Offering both categorical and continuous 
vessel variables allowed the model to select the type that best described any vessel effect. 

2.3 Data selection 

Data from various groups of statistical areas (see Figure 6) were selected as follows: 

ChathamRise &IN 3&4) - 01&024,049452,401-412,301 
Campbell Plateau (LIN 5&6) -025431,302,303,501-504,601-606,610-612, 616-620,623-625 
Bounty Plateau &IN 6B) - 607-609,613-615,621,622 
West coast South Island (LIN 7WC) - 032436,701-706 

mote that these analyses were conducted on the basis of presumed biological stocks, rather than 
administrative (QMA) stocks. Consequently, the grouping of some statistical areas may appear 
erroneous, but has been done in a way which best approximates biological stocks. For example, 
statistical areas 302,303, and most of 26 are in LIN 3, but they have been included in the Campbell 
Plateau analysis, as ling in these areas probably derive from the Campbell stock because the Campbell 
Plateau is the closest submarine shelf to these statistical areas.] 

Data were available from calendar years 1990 to 2001. Calendar year (rather than fishing year) was 
used because of a seasonal trend injmost ling line fisheries running from about June to December (see 
Horn 2001). This ensured that all catches in a particular season peak were included in a single year, 
rather than being spread between two years. 

Some vessels had been recording individual set data on CELR forms (whereas for most vessels, a 
single record constitutes a day's fishing). If uncorrected, this would cause bias in CPUE analyses as 
those vessels would contribute about four times as many records per day fishing as other vessels. 
Consequently, 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 statistical area per day. 

To ensure that the data to be analysed were within plausible ranges and related to vessels that had 
consistently targeted and caught significant landings of ling (and so were likely to truly represent 
experienced and competent ling fishers), data were accepted if all the following consttaints were met: 

catch was by line (i.e., bottomlonglime, trot line, dahn line), 
catch was between 1 and 35 000 kg per day, 
number of hooks was between 50 and 50 000 per day, 
number of records for a vessel was greater than 50 in 5 years, or 25 in 1 year, 
target species was reported as ling. 

Examation of the zero catch records indicated that most represented either duplicated records (two 
records for a particular day, one with and one without catches) or obvious mistakes (two or three days 
fishing with no ling catch). Exceptions to this were data recorded by two vessels fishing around the 



Chatham Islands (in statistical areas 49-52), and consistently recording ling as their target species but 
recording zero or small landings of that species. It is suspected that these vessels were actually 
targeting species other than ling, so their data were removed from the Chatham Rise analysis. After 
this removal, zero catches made up less than 0.2% of the data. Consequently, as in previous analyses, 
all zero observations were removed. 

2.4 The model 

The lognormal linear model was used for all analyses. A forward stepwise multiple regression fitting 
algorithm (step.glrn) was employed using the statistical package S-PLUS (Chambers & Hastie 1991, 
Venables & Ripley 1994). Year was forced into the model as the first term, and the algorithm added 
variables based on changes in residual deviance. The explanatory power of a pat t idar  mode1 was 
described by the reduction in residual deviance relative to the null deviance defined by a simple 
intercept model. Variables were added to the model until an improvement of less than 0.5 in the 
percentage of residual deviance explained was seen following inclusion of an additional variable. 

Unstandardised CPUE was also derived for each year and Fishst'ock from the available data sets. The 
annual indices were calculated aS the mean of the individual daily catch (kg), scaled to give a value of 
1 for the base year for that particular stock. 

Variables were either categorical or continuous (Table 1). Model fits to continuous variables were 
made as third-order polynomials. 

Interaction terms allow for the relationship between CPUE and a particular explanatory variable to 
vary with another explanatory variable (e.g., an interaction between month and statarea indicates that 
the relationship between CPUE and month differs with sfatarea). Since the primary interest is in 
relative year effects, possible interactions with year were not considered, but interactions between all 
other principal variables were initially allowed. 

Horn (2002a) discussed the problems that the inclusion of interaction effects can have on 
standardisation analyses, i.e., the amount of data available is insufficient to justify the number of 
parameters fitted, coefficients for a particular variable can have an implausible range or pattern, and 
selected interaction variables may be meaningless. In an attempt to overcome these problems and 
produce the most valid model possible, the following analyses were conducted for each stock. 

a) The lognormal linear model was run using all data, but allowing no interaction effects. If statarea 
was selected into the model, then the number of records derived from each statistical area was 
calculated. Data from areas contributing very few records were removed from future analyses. 
Although there was no set threshold below which data would be removed, the amount of data 
deleted was generally negligible and was never more than 4% of the total available. 

b) The model was re-run, this time allowing interactions between all variables. The variable 
coefficient ranges were then examined, and if a range was considered implausible, the model was 
re-run with one or more of the least significant variables deleted until the resulting coefficient 
ranges of the more significant variables were considered plausible. 

In this report, model predictions for all variables selected into the final model are plotted against a 
vettical axis representing the expected (non-zero) catch. To calculate the y-values for a particular 
variable, all other model predictors must be fixed. These f ~ e d  values wete chosen to be "typical" 
values (see Francis (2001) for further discussion of this method). Note that if different fixed values 
were chosen, the values on the y-axis would change but the appearance of the plots would be 
unchanged. 



3. RESULTS 

For each of the four stocks, the number of records of days fished in each statistical area (following 
initial grooming and removal of seldom-fished areas) is listed in Table 2. Total numbers of days 
fished, the estimated catch of ling from those fishing operations, and the number of vessels involved, 
by year, for data used in the final standardised analysis are given in Table 3. 

3.1 Chatham Rise (LIN 3&4) 

The Chatham Rise final analysis comprises over 10 000 records of days fished (see Table 3). The 
estimated landings from this effort represent more than 90% of the total estimated ladings by line 
fishing for this stock. L i e  fishing accounted for about 55% of the LIN 3&4 landings throughout the 
1990s (Horn 2001). Data from bottom longliine, trot line, and dahn lime operations were included in 
this analysis, and fishing method was offered as a predictor variable. 

The model run without interactions indicated that statarea explained an insignificant amount of the 
variance. Consequently, data from aU but four of the statistical areas were retained in the fmal 
analysis. The areas that were deleted contributed only 15 observations over the 12 years of the 
analysis, and these are probably attributable to reporting errors or exploratory fishing. In the model 
run with full interactions, one interaction (vesselkey:log(hookno)) entered the model as it explained 
1.8% of total variance. However, its inclusion in the model resulted in an implausible range for the 
vesselkey coefficients, so it was excluded. 

Of the variables entering the model in the final analysis, log(hookno) was very dominant as it 
explained about 66% of the total variance (Table 4). The accepted variables explained 81.7% of the 
total variance. 

The model fitted the data reasonably well, but there is some evidence that the model overestimated the 
very low catch rates (Figure 7). However, the poorly estimated points (i.e., those with residuals less 
than -2) make up a very small fraction of the total data set. . 

The effects of the selected variables are shown in Figure 8. The relationship between the number of 
hooks set and daily catch is approximately linear. Data from a large number of vessels are 
incorporated in the model, and the difference between the best and worst vessels is about a factor of 8. 
This level of between-vessel difference is not exceptional given the inclusion in the analysis of auto- 
longlimers and smaller hand-baiting inshore vessels. Highest catch rates tend to occur from August to 
December (the probable spawning season), but the best monthly catch rate is less than double the 
worst. 

The standardised year effects (Table 5, Figure 8) show a steady decline from the early 1990s to a 
trough in 1999, with a slight increase since then. 

3.2 Campbell Plateau (LIN 5&6) 

Line fishing accounted for about 25% of the LIN 5&6 (excluding the Bounty Plateau) landings 
throughout the 1990s (Horn 2001). The Campbell Plateau final analysis includes data from fishing 
operations responsible for almost 90% of those line landings. This fishery is almost exclusively 
bottom longline (Horn 2001), so only data from this method were included in the analysis. 

The model run without interactions indicated that statarea was a variable with considerable 
explanatory power. However, 15 statistical areas each had records of 48 or fewer days fished 
throughout the 11-year series. Their removal involved only 4% of the data, but reduced the number of 



included statistical areas to 9 (each with over 100 days fished). It is believed that the remaining sub- 
set of data would provide a more accurate representation of any statarea effect. 

In the model run with full interactions, five interaction variables were selected, i.e., vesselkey:month, 
vesselkey:statarea, vesselkey:log(hookno), monthtstatarea, and month:log(hookno). However, the 
inclusion of these resulted in ranges of more than two magnitudes in the coefficients of the vesselkey 
and month variables. The model was re-run four more times, but restricting, on each occasion, either 
vesselkey, month, statarea, or log(hookno), from entering any interaction. It was apparent from these 
runs that interactions including the log(hookno) variable were causing the implausible coefficient 
ranges. Consequently, the final model was derived from a run allowing interactions between all 
variables except log(hookno). 

The variables entering the final model were log(hookno), statarea, vesselkey, and month, with 
interactions between the last three. More than 52% of the variance was explained by the log(hookno) 
variable, and total explained variance was 71.6% (see Table 4). The model fitted relatively well 
('Figure 9). 

The effects of the selected variables are shown in Figure 10. The relationship between the number of 
hooks set and daily catch is very close to linear. Overall catch by statarea varied by less than a factor 
of 4. Daily catch by vessel varied by a factor of about 8. A selection of the effects for various 
interactions of statarea, vesselkey, and month are plotted. Catch rates varied between statistical areas 
by month, as might be expected in a fishery targeting spawning aggregations and a dispersed non- 
spawning population at different times of the year. It was also apparent that different vessels tended to 
fish diierent combinations of statistical areas (Figure 10). 

The standardised year effects (Table 5, Figure 10) indicate a decline by as much as 30% between 1991 
and 200 1. 

3.3 Bounty Plateau (LIN 66) 

Line fishing accounts for virtually all the Bounty Plateau ling landings (Horn 2001), and the final 
analysis presented here includes data from fishing operations responsible for over 98% of those line- 
caught ling (see Table 3). In 10 years of fshiig, just over 1200 vessel days have been reported, 
although three of the years were represented by fewer than 70 days each (see Table 3). Bottom 
longline is the only method used in this fishery (Horn 2001). 

The model tun without interactions did not select statarea. However, as statistical areas 607 and 608 
accounted for 99% of the records, data from other statistical areas were deleted as they were probably 
reporting errors or exploratory fishing. In the model run with full interactions, three interaction 
variables were selected (vesselkey:month, vesselkey:hookno, month:hookno). These variables 
explained an additional 10% of the total variance, and their inclusion did not adversely affect the 
coefficients for any other variables. 

The variables selected into the final model explained 59.0% of the total variance (Table 5). The model 
fitted the data relatively well ('Figixe 11). 

The effects of the selected variables are shown in Figute 12. The relationship between the number of 
books set and daily catch is approximately linear over the hookno ranges applicable to individual 
vessels. Overall catch rates for the included vessels vary by a factor of about 3. Catches were highest 
in October and lowest in June, but did not vary markedly throughout the year. Catch trends by vessels 
in different months were relatively constant, although there is obviously enough variation between 
vessels'to cause a significant interaction effect. 



The standardised year effects (Table 5, Figure 12) indicate a relatively rapid decline from 1992 to 
1994, followed by relative constancy in the indices to 1999, and then a further decline. The lowest 
index occurred in 200 1. 

3.4 West coast South Island (LIN 7WC) 

About a third of the landings of ling from the WCSI section of LIN7 were taken by line fishing 
throughout the 1990s (Horn 2001). The final analysis below includes data from fishing operations 
responsible for over 95% of those line landings (see Table 3). Previous analyses of the LIN 7 CPUE 
had excluded data from auto-longline vessels, as only one such vessel had participated in the fishery 
(Horn & Ballara 1999). No auto-longliners operated in the fishery in 2001. Data from the auto- 
longliner were rejected because the number of days fished did not reach the 5-year or 1-year 
thresholds (see Section 2.3). Data from the three fishing methods (bottom longline, trot line, and dahn 
line) are available from this area However, the number of dahn line observations is negligible (Horn 
2001), so these were excluded from the analysis. Fishing method was offered as a predictor variable 
in this analysis. 

The model run without interactions indicated that statarea was a variable with some explanatory 
power. Consequently, data from only three statistical areas were retained in the analysis (contributing 
over 98% of the available observations). In the model run with full interactions, no interaction 
variables were selected. The variables entering the model (vesselkey, month, log(hooho), and 
statarea) explained 34.2% of total variance (see Table 4). 

The model fitted relatively well, but as with the Chatham Rise model there was evidence of non- 
normality in the residuals, indicating poor model fit to the very low catch rates (Egure 13). However, 
the poorly estimated points (i.e., those with residuals less than -2) are a very small fraction of the total 
data set. 

The effects of the selected variables are shown in Figure 14. Most vessel coefficients were in a 
relatively narrow range; the best and worst vessels varied by less than a factor of 4. Catch rates were 
high from August to October (the spawning season), and low from January to June. Catch per hook 
clearly declined when the number of hooks per set was increased. There was little difference in catch 
rates from the three statistical areas included in the analysis. 

The standardised year effects (Table 5, Figure 14) indicate a decline from 1991 to 1996, followed by 
an increasing trend to 2001. The 2001 index is at the same level as the peak in 1991-92. 

4. DISCUSSION 

In recent assessments of ling stocks around the South Island, series of CPUE indices derived from 
commercial line fisheries have been used as indices of abundance (e.g., Horn 2002b). They are the 
only relative abundance series available for LIN 6B and LIN 7WC. but are used in conjunction with 
indices from trawl survey series for LIN 3&4 and LIN 5&6. Although the line fisheries in LIN 5&6 
and LIN 7WC account for only about a quarter and a third, respectively, of the total ling catch from 
those stocks, the resulting CPUE series are still believed to be good abundance indices because they 
are based on large volumes of data from consistent fisheries. 

Horn (2002.a) showed that the ling longline CPUE series appeared to perform well in relation to the 
four discussion points raised by Dunn et al. (2000), as follows. 

There is a good likelihood that longline CPUE provides an index of abundance (for that part 
of the population targeted'by the line fishery). 
The data used in the analyses are comprehensive and accurate. 



The modelling method was valid for the available data. 
Fishery-independent data from two of the stocks support the CPUE trends. 

However, discussions of the most recent previous CPUE analysis for ling (Horn 20021) resulted in 
three changes to the current analysis. 

The most influential change is that the unit of CPUE was set as "catch per day" (formerly "catch per 
hook"), and "number of hooks set per day" was offered as a predictor variable. This was done because 
the scale of the fishing operations conducted by individual vessels can influence catch rate. The auto- 
longliners can fish in excess of 25 000 hooks per day, whereas many smaller vessels seldom fish more 
than 4000. Clearly, the autoline vessels cover a relatively large area rather than directly targeting 
localised areas. Fishers using less gear are able to fish more specifically with their shorter bottom 
longlimes or dahn lines. Consequently, catch rate per hook can be relatively greater when fewer hooks 
are set (see Figure 5). The log(hookno) variable was selected into the models for all stocks, and was 
the most important variable in three of the analyses. 

A second change involved the modification of some data to standardise, within a vessel, the "class" of 
ling weight they estimated per set  The estimate is meant to be of greenweight, but the data indicate 
that some vessels consistently report processed weight. Where reports from a vessel are consistent, the 
vesselkey variable will account for the conversion factor (and vesselkey was selected into the CPUE 
models for each stock). However, pmblems could arise if this form of reporting error was consistent 
and non-random. For example, where reports from a vessel were incorrect (i.e., processed weight) for 
several years early in the series, and then correct (i.e., estimated greenweight) for some years after 
that. However, it was apparent that there were few vessels in this category; of 138 vessels targeting 
l i g  by line on at least 15 trips anywhete in the EEZ since the beginning of 1990, only 10 appeared to 
have changed their reporting class during their catch history. The standardisation of data from these 
vessels had little influence on the analyses presented here. There were no changes to the LIN 5&6 or 
LIN 6B data. Data from three and four vessels in the LIN 7WC and LJN 3&4 fisheries, respectively, 
required standardisation. However, the corrections affected less than 3% of the data in these stocks. 

The third change involved the relaxation of the criteria for excluding interaction effects selected into 
the models. Interaction variables were removed only if their inclusion resulted in implausible ranges 
in the coefficients with most influence (generally log(hookno), vesselkey, month, or statarea). This 
criterion still resulted in the removal of the single selected interaction effect from the fimal LIN 3&4 
model and some interaction effects from the LIN 5&6 model. 

Despite the change in the unit of CPUE and the changes in the analysis, the trends in the indices for 
the various stocks have not changed markedly between the previous and current analyses (Figure 15). 
This is largely because the relationship between catch rate per hook and the number of hooks set is 
relatively constant over most of the range of hooks set (see Figure 5). However, it is apparent that the 
changes have resulted in slightly more optimistic CPUE series for the LJN 3&4, LIN 6B, and 
LIN 7WC stocks. In contrast, the LIN 5&6 series is more pessimistic than previously, and appears to 
be quite sensitive to the inclusion of interaction effects. An analysis of the LIN 5&6 data to 2001, 
without interaction effects, still produces a CPUE series with a trough in 1999, but with only a slight 
overall decline. 

The criteria required to be fulfilled before an interaction effect was accepted were less stringent than 
those set by Horn (2002a) in the previous analysis, where all interactions were rejected. In the curtent 
analysis of all stocks except LIN 5&6, it was found that for both the finally accepted model and the 
fully automatic variable selection model, the trend in the indices (and often the indices themselves) 
tended to be very similar. Clearly, the fmt two or three selected variables provided most of the 
explaining power and defined the indices, with subsequent variables just adding a little " f i e  tuning". 
For LIN 5&6, the accepted interaction variables did influence the series. However, the accepted 
interactions are logical (e.g., vessels of diierent sizes based in different ports will tend to fish 
different combinations of statistical areas), and over 70% of the combinations of two interacting 



variables contain some data. Hence, the CPUE series based on the model including interactions was 
retained. 

Because the four fisheries examined here target a single species using similar methods, the sets of 
variables selected into the model for each stock might be expected to have some similarities. In all the 
analyses, log(hookno), vesselkey, and month were selected into the model. With the changes in the 
CPUE unit from "kg per hook" to ''kg per day", it would be expected that the number of hooks set per 
day would be a very influential variable. This is cettainly the case for LIN 3&4, LIN 5&6, and 
LIN 6B, where log(hookno) is the most influential variable, accounting for in excess of 55% of the 
explained variance. Skill levels andlor gear efficiency will vary between vessels, and it is also 
apparent that the repotted estimated catch per set is processed weight for some vessels and 
greenweight for others. Consequently the selection of a vesse[key variable in each model would be 
expected, although vessel catch rates seldom differed by more than a factor of 4 in each stock. 
Clearly, catch rates in all areas vary throughout the year, probably in relation to the spawning season 
for ling. Hence, month becomes an important explanatory variable. An areal effect on catch rates is 
also indicated, as statistical area was selected into the models for LIN 5&6 and LIN 7WC. 

The CPUE analyses presented here provide sets of indices that are probably valid as relative 
abundance series (for that section of the population exploited by line fisheries) in stock assessment 
models for ling. Consequently, the series of standardised indices listed in Table 5 will be included as 
inputs in pending assessments of ling around the South Island. 
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Table 1: Summary of the variables used in the CPUE models. 

Variable TW Description 

Year 
Month 
Statistical area 
Method 
Vesselkey 
Day of year 
CPUE 

, Hookno 
Log@Iookno) 
SO1 
Length 
Breadth 
Draught 
LBD 
Power 
Tonnage 

Categorical 
Categorical 
Categorical 
Categorical 
Categorical 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 

Calendar year 
Month of year 
Statistical area for the set 
Fishing method (bottom longline, trot line, dahn line) 
Unique vessel identifier 
Julian day, starting at 1 on 1 January 
Ling catch (kg) per day 
Number of hooks set per day 
Logarithm of variable Hookno 
Southern Oscillation Index. 3-month running mean 
Overall length of the vessel, in metres 
Breadth of the vessel, in metres 
Draught of the vessel, in metres 
Vessel length x breadth x draft 
Power of thevessel engine, in kilowatts 
Gross registered tonnage of the vessel, in tonnes 

Table 2: Summary of records of days fished pays )  by statistical area (Statarea), for each ling stock, 
following data grooming and selection. 

Chatham 1990-2001 
Statarea Days 

Campbell 1991. 
Statarea 

30 
602 
603 
604 
605 
610 
61 1 
618 
619 

-2001 - Bounty 1992-2001 WCSI 1990-2001 
Days Statarea Days Statarea Days 



Table 3: Summary of data used in the final standardised CPUE analysis for each stock. Days, number of 
individual records of days fished; Catch, estimated catch (t) from the accepted records; Vessel, number of 
vessels contributing to the accepted records. The total in the "Vessel" column indicates the number of 
unique vessels contributing to the accepted records throughout the time series. 

Chatham Rise Campbell Plateau Bountv Plateau WCSI. 
Year Days Catch Vessels Days Catch Vessels Days Catch Vessels Days Catch Vessels 

1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 

Total 

Table 4: Staudardised C W E  models for the h e  fishelis from the four stocks, showing the percentages 
of residual deviance explained as each new variable was added. 

Step Variable 46 deviance 

Chatham Rise (LIN 3&4) 
Year 9.5 

1 log(Hookn0) 75.7 
2 Vesselkey 80.4 
3 Month : 81.7 

Campbell Plateau (LIN 5&6) 
Year 2.9 

1 log(Hookrio) 55.3 
2 Statarea 60.6 
3 Vesselkey 62.2 
4 StatarezVesselkey 64.4 
5 Month 65.3 
6 Vesse1key:Month 69.7 
7 Statarea:Month 71.6 

Bounty Plateau (LJN 6B) 
Year 4.7 

1 log(Hookno) 36.9 
2 Vesselkey 44.5 
3 Month 48.4 
4 Month:Vesselkey 53.9 
5 Month:log(Hookno) 57.9 
6 log(Hookno):Vesselkey 59.0 

West Coast South Island (LIN 7WC) 
Year 3.2 

1 Vesselkey 18.7 
2 Month 28.8 
3 log(Hookn0) 33.7 
4 Statarea 34.2 



Table 5: Unstandardised (Unstd) and standardised (Std, with 95% confidence intervals) year effects For 
the ling line fisheries in four areas. 

Year 

1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 

1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 

Unstd Std 95% CI 

Chatham Rise (LIN 3&41 
1 .oo 1.00 - 

Bountv Plateau lLIN 6B) 
- - - 
- - - 

1.00 1.00 - 
0.92 0.84 0.73-0.98 
0.81 0.61 0.50-0.75 
1.06 0.74 0.59-0.92 
0.85 0.68 0.55-0.83 
0.77 0.56 0.44-0.69 
1.35 0.66 0.52-0.84 
1.33 0.69 0.55-0.88 
1.19 0.58 0.46-0.74 
0.92 0.48 0.37-0.62 

Unstd Std 95% CI 

Cam~bell Plateau &IN 5&61 
- - - 

1.00 1.00 - 
1.05 1.59 1.37-1.85 
0.94 1.53 1.32-1.77 
0.91 1.14 0.99-1.30 
1.40 1.41 1.22-1.63 
1.35 1.15 1.01-1.32 
1.32 1.24 1.09-1.42 
1.14 1.10 0.96-1.26 
1.06 0.80 0.69-0.93 
1.29 0.83 0.70-0.97 
1.51 0.86 0.73-1.02 

WCSI (LIN 7WC) 
1.00 1.00 - 
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Landed weight (kg) 

Figure 1: Trip-by-trip comparison of landed greenweight and estimated weight of ling, for all trips in the 
New Zealand EEZ targeting ling by a lining method. A one-to-one relationship is indicated by the bold 
line; the thin line indicates the actual relationship of the data pairings (forced to intersect the origin). 



Landed weight (kg) 

Figure 2: Comparison of landed greenweight and estimated weight of ling, for all trips where landed 
weight is less than 50 t One-to-one'relationships are indicated by the bold lines; the thin lines indicate the 
actual relationship of the data pairings. A, all vessels. B, all trips by vessels with a mean ratio greater than 
0.8. C, a l l  trips by vessels with a mean ratio less than 0.8. 
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Figure 3: Frequency distribution of the ratio of estimated weight to landed greenweight, for all trips. 

Figure 4: Ratios of estimated weigiit to landed greenweight, by trip, for a single selected vessel, over the 
period of its ling line hhing history. The trips were categorised into three groups. In the first and last 
groups, the mean ratio was 0.98; in the middle group the mean ratio was 0.81. 
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Figure 5: Catch rate of Ling plotted against the number of hooks set per day, for the line tkheries from the 
four areas. 
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Figure 6: Map of the New Zealand EEZ with statistical areas (numbers from 001 to 8011, showing how 
they were grouped (thick lines) to construct the four stock areas used in this analysis. The 1000 m isobath 
is also plotted. Administrative ling Fishstock areas are shown on the inset. 
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Figure 7: Diagnostic plots for the CPUE model of the Chatham Rise ling line fishery. 
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Figure 8: Expected variable effectsfor variables selected into the CPUE model for the Chatham Rise ling 
line kbhery. ''Expected non-zero catch rate" is kg per day in this fishery. 
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Figure 9: Diagnostic plots for the CPUE model of the Campbell Plateau ling line fishery. 
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Figure 10: Expected variable effects for variables selected into the CPUE model for the Campbell Plateau 
Ling line fishery. '92xpected non-zero catch rate" is kg per day in this fishery. Plotted values in the last 
three plots refer to statistical areas (A, 30; B, 610; C, 6191, or to month or vessel (e.g., lines in the "month 
(by vesselkey)" plot show the relationship for vessels 1 and 4). 
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Figure 11: Diagnostic plots for the CPUE model of the Bounty Plateau ling line fishery. 
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Figure 12: Expected variable effects for variables selected into the CPUE model for the Bounty Plateau 
ling line fishery. ''Expected non-zero catch rate" Is kg per day in this fishery. Plotted values identify lines 
attributable to various months or vessels (e.g., the hookno plot shows the relationship for vessels 1,2, and 
4). 
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Figure 13: Diagnostic plots for the CPUE model of the WCSI ling line fishery. 
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Figure 14: expected variable effects for variabls selected into the CPUE mode1 for the WCSI h g  line 
fishery. 'CExpected non-zero catch rate" is kg per day in this fishery. 
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Figure 15: Comparison of the series of CPUE indices calculated for the four stocks in 2001 by Horn 
(2002) (thin Lines) with those calculated in the current analysis (thick lines). 


