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EXECUTIVE SUMMARY . 

Horn, P.L. (2002). CPUE from commercial line fisheries for ling (Genyptem bIaeodes) around 
the South Island (Fishstocks LIN 3,4 5,6, and 7). 

New Zealand Fisheries AssexsmentReport2002/I7.32 p. 

Existing series of CPUE for commercial line fisheries for ling on the Chatham Rise, the Campbell 
Plateau, the Bounty Plateau, and the west coast of the South Island (WCSI) were updated to include 
data to the end of the 2000 calendar year. Series are available for ChathamRise and WCSI from 1990 
to 2000, for the Campbell Plateau from 1991 to 2000, and for the Bounty Plateau from 1992 to 2000. 

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 ling fishers). Data were modelled using a 
lornormal linear analvsis to ~roduce a set of standardised indices for each stock. Full interaction .. - . 
effects were allowed. However, any selected implausible or poorly defined interaction variables were 
removed from the final models (which resulted in the removal of all interaction effects). Coefficients 
of selected variables were exam& to ensure that they had a plausible range. 

The CPUE series derived here from the ling line fisheries mund the South island appear to perform 
well in relation to the four discussion points raised by Dunn et al. (New Zealnnd Fisheries Assessment 
Report 2 M ) .  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. 

The standardised indices indicated that, throughout the 1990s, ling stocks targeted by l i e  fisheries 
had remained relatively constant on the Campbell Plateau, had declined by about 40% on the Bounty 
Plateau and off WCSI, and declined by about 60% on the Chatham Rise. It is proposed to incorporate 
these series of indices in pending stock assessments of ling, with an applied C.V. of 0.2. 



1. INTRODUCTION 

This document reports the results of Project L3N2000/01, Objective 2, to update ling longline CPUE 
series. 

This work updates standardised CPUE analyses for commercial line fisheries for ling on the Chatham 
Rise and the west coast South Island (WCSI) from 1990 to 2000, the Campbell Plateau from 1991 to 
2000, and the Bounty Plateau from 1992 to 2M)O. 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 longline. 
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 2001 assessments for Fshstocks LIN 3,4,5,6,  and 
7. The stock units used in the stock modelling are denoted as follows: 

Chatham Rise: QMAs 3 & 4 &IN 3&4) 
a Campbell Plateau: QMA 5, and QMA 6 west of 176' E &M 5&6) 
a Bounty Plateau: QMA 6 east of 176' E &M 6B) 

WCSI: QMA 7 west of Cape Farewell (LW 7WC) 

Previous reports of ling CPUE analyses were given by Ballara (1997), Horn & Ballara (1999), Harley 
( I  999), Hornet al. (2000), and Horn & Zheng (2001). 

2. METHODS 

2.1 Data grooming 

Previous analyses have used catch and effort data extracted from the fshery statistics database 
managed by the Ministry of Fisheries @Fish),' groomed according to the constraints defined by 
Ballara (1997). For the current analysis, a new set of data was produced. All catch effort landing 
return (CELR) records from the longline fisheries targeting or catching ling from throughout the NZ 
EEZ had been extracted for use in a descriptive analysis of New Zealand's ling fisheries (Horn 2001). 
In the course of that work the data (from 1989-90 to 1998-99) had been 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 e m  owing to unclear writing (e.g., several consecutive days of fshing 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 latitude 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 are stored in two relational database tables (t-fin-celr and t-lii-tcepr) administered 
by NIWA for MFish. Data from the 1999-2000 fishing year and the fust 3 months of the 200041 
fishing year were obtained fromMFish in April 2001, groomed in the same way as for the descriptive 
analysis, and entered into the database. 



2.2 Variables 

Variables used in the analysis are described in Table 1. CF'UE was defmed 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. The season variable was taken as the day of year. The Southern 
Oscillation Index (SOI) was included as a 3-monthly running mean (using the SO1 from the mouth 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. Where both 
categorical and continuous vessel variables were selected into the model, the selected continuous 
variables were examined to determine whether there had been any genuine changes in parameters for 
particular vessels (e.g., a vessel had upgraded to a more powerful engine), or whether the vessel 
parameter data set probably contained errors. If any probable errors could not be corrected, then the 
model was rerun using the categorical vessel identifier only. 

2.3 Data selection 

Data from various groups of statistical areas (see Figure 1) were selected from the database as 
follows: 

Chatham Rise - 018424,049-052,401-412,301 
Campbell Plateau - 025-031,302,303,501-504,601-606,610-612,616-620,623-625 
Bounty Plateau - 607409,613-615,621,622 
West coast South Island - 032-036.701-706 

[Note that these analyses were conducted on the basis of presumed biological stocks, rather than 
administrative (QMA) stocks. Consequently, the grouping of some statistical m a s  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] 

Data were extracted from calendar years 1990 to 2000. Calendar year (rather than fishing year) was 
used because of a seasonal trend in most ling line fisheries running from about June to December (see 
BaUara 1997, 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 constraints were met: 

catch was by line (i.e., bottom longline, trot line, dahn line), 
catch was less than 35 000 kg per day, 
number of hooks was between 50 and 50 000 per day, 



CPUE (catch per hook) was less than 10 kg, 
0 number of records for a vessel was greater than 50 in 5 years, or 25 in 1 year, 

target species was reported as ling. 

Examination 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 
(Harley 1999, Horn et al. 2000). all zero observations were removed. 

2.4 The model 

The lognormal linear model was used for all analyses. It is similar to that described by Vignaux 
(1992, 1993) where CPUE is the catch per unit of effort for a particular hook. A forward stepwise 
multiple regression fitting algorithm (stepglm) 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 
particular model 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 Fishstock from the available data sets. The 
annual indices were calculated as the mean of the individual daily catch rates @g per hook), 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 thud-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 stararea). Since the primary interest is in 
relative year effects, possible interactions with year were not considered, but interactions between all 
other principal variables were allowed. 

However, the following problems can occur in standardisation analyses. 

"Overfitting", i.e., the amount of data available is insufficient to justify the number of 
parameters fitted, particularly for interaction terms. 
Coefficients for a particular variable can have an implausible range or pattern, e.g., the 
vessel coefficients may suggest that the fishing power of the best vessel is over 100 times 
better than the worst, or an implied seasonal pattern in a month effect may not correlate 
with a known peak in catch rates. 
Selected interaction variables are likely to be meaningless, e.g., variables monrh*tonnage 
or power*SOI may reduce the R' by more than 0.5%, but any relationship between these 
pairs of variables could well be spurious. 

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 sratarea 
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 4.1% of the total available (Table 2). 

b) The model was re-run, this time allowing interactions between all variables. Any interaction terms 
selected into the model were rejected if any of the combinations of the two variables making up 
the interaction term contained no data. A judgement was made as to whether any of the remaining 
interaction terms were meaningless, and, if so, they also were rejected. 

c) The model was re-run, this time allowing only the interaction terms not rejected in b) above. The 
subsequent results were examined to determine whether the coefficients for the selected variables 
had plausible ranges. If they did, then the analysis was considered complete. 

d) If a variable coefficient 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. 

The usual past practice when plotting CPUE results has been to present the exponentiated year 
coefficient from the general linear model. Hence, the y-value for the reference year is always 1, and 
the vertical axis has no units. In this report, model predictions for all variables selected into the final 
model are ploned against a vertical axis representing the expected (non-zero) catch rate. To calculate 
the y-values for a particular variable, all other model predictors must b e  fixed. These fixed values 
were 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 fuhed in each statistical area (following 
initial grooming) is listed in Table 2. Total numbers of days fuhed, 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. 

The distribution of data points by statistical area and year is shown in Table 4. It is apparent that the 
distribution of the fishing effort used in the final analysis has been relatively constant over the 
analysed time periods, particularly on the Bounty Plateau and WCSI. However, on the Chatham Rise 
there was little fishing effort east of about 178" E in 1990, and on the Campbell Plateau fishing effort 
in statistical areas 618 and 619 was low in the first three years of the time series. 

3.1 Chatham Rise 

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 landings by line 
fishing for this stock. L i e  fishing has accounted for about 55% of the LJN 3&4 landings throughout 
the 1990s (Horn 2001). 

The model run without interactions indicated that sratarea explained little of the variance; the 
coefficients for this variable also had a narrow range (0.8-1.3). Consequently, data from virtually all 
the statistical areas were retained in the final analysis (see Table 2). In the model run with full 
interactions, all interaction variables were rejected. The most influential interaction variable 
(month*statarea) had 16% of combinations with no data. 



Of the variables entering the model in the fmal analysis, vesselkey was very dominant as it explained 
almost 43% of the total variance (Table 5). The accepted variables explained 48.8% 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 2). 

The effects of the selected variables are shown in Figure 3. Data from a relatively large number of 
vessels are incorporated in the model, but the difference between the best and worst vessels is only 
about a factor of 7. Highest catch rates tend to occur from August to December (the probable 
spawnixig season), but the best monthly catch rate is less than double the worst. The catch rates for the 
three methods vary by less than a factor of 2 (but this coefficient is likely to be confounded with those 
for vessels as an individual vessel is likely to consistently fish a specific gear type). Catch rates for the 
statistical areas retained in the model varied by about a factor of 2. 

The standardised year effects (Table 6, Figure 3) show a steady decline from 1990 to a trough in 
1999, with a slight increase in 2000. The unstandatdised indices exhibited a declining trend 
throughout the series. 

3.2 Campbell Plateau 

Line fishing has 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 (see Table 3). 

The model run without interactions indicated that statarea was a variable with considerable 
explanatory power. However, 15 statistical areas had records of 43 or fewer days fished throughout 
the 10-year series (see Table 2). Their removal involved only 4.1% 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, all interaction variables were rejected. The most influential 
interaction variable (month*statarea) had 12% of combinations with no data. 

The variables entering the model when all (non-interaction) variables were offered were (in order) 
vesselkey, statarea, month, SOZ, length, and lbd. The selection of the vessel length variables along 
with vesselkey indicated that some individual vessels had more than one value for length; it was found 
that the recorded lengths for several vessels varied widely and were certainly in error. Removal of the 
vessel characteristics length and lbd from the model produced a plausible range of vesselkey 
coefficients (0.8-1.7). The accepted variables in the final analysis explained 19.7% of the total 
variance (see Table 5). 

The model fitted relatively well, but there was evidence of non-normality in the residuals, indicating 
poor model fit to the very low catch rates (Figure 4). 

The effects of the selected variables are shown in Figure 5. Catch rates for the included vessels vary 
by a factor of about 2. The statistical area coefficients also varied by a factor of about 2. Catch rates 
by month were relatively constant throughout the year, except for a trough in August and a peak in 
September (both months with low levels of fishing effort in all years). The SO1 explained a small 
amount of the residual variance, but changes in the expected catch rate were slight over most of the 
observed SO1 range. 

The standardised year effects (Table 6, Figure 5) indicate no consistent change in the indices from 
1991 to 2000. The unstandardised indices were more variable, but also exhibited no apparent trend. 



3.3 Bounty Plateau 

Line fishing accounts for virtually all the Bounty Plateau ling landings (Hom 2001), nnd the final 
analysis presented here includes data from fishing operations responsible for over 98% of those iine- 
caught ling (see Table 3). In 9 years of ftshing, just over 1000 vessel days have been reported, 
although three of the years were represented by less than 70 days each (see Table 3). . 

The model run without interactions did not select statarea. Two statistical areas accounted for 98.2% 
of the records; the remaining 9 records were deleted as they were probably errors or exploratory 
fishing (see Table 2). In the model run with full interactions, all selected interaction variables were 
rejected as none reached the threshold of having a l l  cells with data. 

The variables selected into the final model were vesselkey, month, and SOI, and they explained 41.5% 
of the total variance (Table 6). The model fitted relatively well, but there was evidence of non- 
normality in the residuals, indicating poor model fit to the very low, and very high, catch rates 
(Figure 6). 

The effects of the selected variables are shown in F~gure 7. Catch rates by month were relatively 
constant throughout the year, except for a marked increase in July and August. Catch rates for the 
included vessels vary by about a factor of 5. SO1 explained a small amount of residual deviance, with 
catch rates peaking at an SO1 of about -4. 

The standardised yeai effects (Table 6, Figure 7) indicate a relatively rapid decline from 1992 to 1994, 
followed by a slight increasing trend from 1995 to 2000. The unstandardised indices were very 
variable and showed no apparent trend. 

3.4 West coast South Island 

About a third of the landings of ling from the WCSI section of LIN 7 have been 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, Horn et al. 2000). No auto-longliners operated in the ftshery in 2000. Data 
from the auto-longliier were rejected because the number of days tished did not reach the 5-year or 1- 
year thresholds (see Section 2.2). 

The model run without interactions indicated that statarea was a variable with only minor explanatory 
power. Consequently, although 98.4% of data were derived from three of the five statistical areas, 
data from all areas were retained in the analysis. In the model run with full interactions, all interaction 
variables were rejected. The most influential interaction variable (month*vesselkey) had 26% of 
combinations with no data. 

The variables entering the model when all (non-interaction) variables were offered were (in order) 
month, vesselkey, tonnage, SOX, and statarea. However, the selection of tonnage along with vesselkey 
indicated that some individual vessels had more than one value for tonnage, and an examination of 
this variable indicated that some of these values were in error. Removal of tonnage from the model 
produced a set of chosen variables with plausible coefficient ranges. This model explained 23.7% of 
the total variance (see Table 5). 

The model fitted relatively weU, but as with the three other stocks there was evidence of non- 
normality in the residuals, indicating poor model fit to the very low catch rates (Figure 8). 

The effects of the selected variables are shown in Figure 9. Catch rates were high from August to 
October (the spawning season), and low from April to June. Most vessel coefficients were in a 
- 



relatively narrow range, although the best and worst vessels varied by a factor of 7. (A single vessel 
had a much higher mean catch rate than the 20 others in the analysis, but a careful examination of its 
data indicated no reason why it should be deleted from the analysis.) The statistical area coefficients 
were similar for the four southern areas, but markedly lower in the northernmost area 36. The SO1 
explained a small amount of the residual variance, but changes in the expected catch rate were slight 
over most of the observed SO1 range. 

The standardised year effects (Table 6, Figure 9) indicate a decline from 1990 to 1996, followed by a 
slight increasing trend to 2000. The unstandardised indices were more variable, but had a similar 
trend. 

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 & Zheng 2001). 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. Where a non-CPUE relative 
abundance series exists for a stock, an assessment model run excluding the CPUE series has always 
been one of the sensitivity analyses presented. 

4.1 Model validation 

In a recent review of the calculation and interpretation of CPUE indices, Dunn et al. (2000) 
recommended that CPUE analyses include discussion of the following four components, in an attempt . - 
to validate the data selection, model method, and results. 

- - 

a) Defmition of the relationship between CPUE and fish abundance 
b) Assessment of data adequacy 
c) Methods of model fitting and mode1 validation 
d) Evaluation of the CPUE index 

Such a discussion has never been presented comprehensively for ling line CPUE analyses, so these 
points are considered in detail below. 

Is there a reasonable expectation that changes in catch per effort reflect changes in 
abundance? 
It is generally assumed that CPUE for a fishstock is proportional to fish abundance. However, 
behaviour by fish or fishers can bias this proportionality. 

For Sing, hyperstability of CPUE could result from hook saturation or a strong clumped distribution of 
the population. [Hyperstability is when CPUE remains artificially high when the population is 
actually declining.] It appears unlikely that hook saturation is occuning (or has ever occurred) in the 
ling fishery. Mean annual catch rates for the fisheries examined in this analysis tend to be in the range 
0.1-0.6 kg per hook (see Figures 3, 5, 7, and 9). Ling caught by Sine in LIN 3&4 and LIN 5&6 are 
seldom smaller than 80 cm and 7 0 c q  respectively (Horn et al. 2000). These lengths equate to 
weights of 2.3 and 1.6 kg; the mean weight of fish caught in these f~heries  will be some kilograms 
heavier. Based on these catch rates and fish weights, the number of ling caught would seldom be more 
than 50% of the number of hooks set, and would generally be much lower than . ~ s .  An examination 
of catch rates per day fished v i g m  10) shows the rates are virtually never above 2 kg per day in 
LIN 5&6 and LIN 6B, and seldom above 3 kg per day in LIN 3&4 and LIN 7WC.. It is apparent, 
therefore, that gear saturation rruely, if ever, occurs. 



However, there are at least two factors that could reduce the number of hooks available to ling, i.e., 
hooks taken by other species, and unbaited hooks set by auto-longliners. Available data from 
observed auto-longline operations indicate that the proportion of unbaited hooks is generally between 
10 and 20%, with an average of 16% (Figure 11). It is also apparent that this proportion has not 
changed significantly over the period from which data are available. Consequently, it is unlikely that 
this factor has biased CPUE over time. No data are available on the proportion of hooks taken by 
other species. However, there is a general belief by longline operators that, throughout the 1990s. the 
bycatch of spiny dogfish (Squalus acanthias) on the Chatham Rise has increased, and the bycatch of 
skates, notothenid cod, and ribald0 (Mom mom) has declined (commercial longline operators, 
pen. comm.). A real increase in the propottion of bycatch fish over time could result in a CPUE 
reduction, but given the information above on catch rates per hook and likely minimum ling weights, 
it is apparent that a large increase in numbers of bycatch fish would be needed to significantly depress 
CPUE indices. 

Incidences of ling being removed fromlines by seals, primarily on the eastern Chatham Rise, are also 
believed to have increased throughout the 1990s (commercial longline operators, pers. comm.). 
However, no data are available on the extent of this loss. 

Changes in gear technology or configuration throughout the 1990s are not believed to have influenced 
the likely catch per hook (commercial longline operators, pers. comm.). However, the scale of the 
fishing operations conducted by individual vessels could influence catch rate. The auto-longliners can 
fish in excess of 25 000 hooks per day, whereas many smaller vessels seldom f s h  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 longlines or dahn 
lines. However, any differences in mean catch rates owing to different abilities to target localised 
aggregations should be accounted for in the vessel effect. 

Trawl surveys on the Chatham Rise and Campbell Plateau have indicated that ling are distributed 
widely in these areas in both the spawning and non-spawning seasons. It is also apparent that the 
spawning season is quite protracted, and that spawning occurs at several locations within the area of a 
presumed single stock (Horn et al. 2000). Consequintly, while ling do aggregate for spawning, the 
proportion of a population plesent in a single spawning aka at a particular time is considered u n l i i y  
to be more than 209'0, and could well be much lower. As noted above, the maximum catch rates 
(which generally occur in the spawning seeon) are not indicative of any hook saturation. Therefore, it 
is considered unlikely that line CPUE has been held at artificially high levels as a result of targeting a 
clumped population. The variable month was selected into the models for all areas, and this is likely to 
correct for any differences in catch rates between spawning and non-spawning seasons. 

Aspects of fishing behaviour most likely to bias CPUE and not indexed by the available data are 
learning by fishers, concent&tion of fishing in areas where previous catch rates have been highest, 
and any changing trend in hook soak time. Learning by fishers can probably not be indexed. It cannot 
even be assumed that learning for a particular vessel increases with time, as vessel skippers can 
change. There is no indication that the distribution of fishing effort has contracted over time to 
concentrate on areas of best catch mks. In fact, a descriptive analysis of catch and effort for ling 
shows that the grounds fished appear to have expanded throughout the 1990s in all areas analysed 
(Horn 2001). 

Set duration would ideally be a variable offered in the CPUE model. However, this parameter is only 
sporadically recorded, particularly before 1995 (author's unpublished data). For example, of the 
records available for the Cbatham Rise and Campbell Plateau, 70% and 45%. respectively, have 
missing values for set duration. A basic analysis -of mean set duration by year for the four areas 
indicated no apparent trend on the Chatham Rise, Campbell Plateau, or Bounty Plateau, and a possible 
declining trend over time off WCSI. Consequently, it is considered unlikely that the analyses are 
biased owing to the lack of data on set duration. 



In summary, although it cannot be concluded that ling line CPUE is directly proportional to 'fish 
abundance, there are no apparent sources of bias likely to strongly permrb this relationship. 

Is there an adequate data volume free of major error? 
The data used for each of the four analyses presented here have been carefully groomed to remove as 
many errors as possible. In each analysis, vessels with an infrequent history in the fishery have been 
removed (based on a threshold of a particular number of days fished in one year or in five years). Data 
from statistical areas infrequently fished have also been removed to ensure that the analysed data 
represent the main areas of the fishery. 

One problem that was apparent in the data sets was with individual vessels having a variety of vessel 
parameters (e.g., tonnuge, length, power) recorded against them While it is possible for these 
parameters to change for a vessel (e.g., a more powerful engine is installed, a vessel extension is 
added resulting in an increase in length and tonnage), it is believed that most variations of this type 
involve some error. Vesselkey wai a significant variable in all the analyses presented above. For the 
two stocks where additional vessel parameters also entered the model, data checking indicated 
recording errors, so these variablk were removed. Vessel parameters should stiU be offered to the 
model, as they could provide the best means of explaining any vessel effect. However, any selection 
of them (particularly if vesselkey is idso selected) should be carefully sc~tinised, as here. 

The lime fisheries for ling account for 25% (on the Campbell Plateau) to 98% (Bounty Plateau) of the 
total ling landings in these areas. The analysed data provide an almost complete record of the line 
fishery catches over the periods examined. Data from line fishing operations provide a good temporal 
and spatial coverage of the apparent ling disGbutions in the stock areas. It is acknowledged that Sine 
fishing targets the largerlolder fish in the population, but the resulting series of CPUE series are used 
in the model to index only that pas of the population. 

One potential source of erroneous data that would be d i ~ c u l t  to correct arises when the processed 
weight (instead of greenweight) is recorded on the CELR forms. This is most likely to occur for 
species (like ling) that are primary processed at sea (e.g., headed and gutted) on inshore vessels 
landing the catch unfrozen. Consequently, it is unlikely to be a problem in the analysis of data from 
the Bounty Plateau or Campbell PLateau as these fisheries are dominated by the large auto-longliners. 
However, inshore vessels provide much of the data in the WCSI and Chatham Rise fisheries. If such 
errors have occurred sporadically and randomly, then they have probably caused no significant bias. If 
a vessel skipper has consistently misrepo~ted the estimated catch weight, then this consistent bias will 
be largely explained by the vessel effect. The problem would be most influential if the errors were 
consistent but 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. The extent of any such errors is unknown. 

A possible complication with the data relates to the stated target species. AU data used in this analysis 
. had ling recorded as the target. For data derived from auto-longlining vessels, the stated target is 

almost certainly correct. However, there is a possibility that some of the smaller vessels could record 
a target species following examination of the catch (i.e., the most abundant species in the catch is 
listed as the target). Where ling stocks are declining, such behaviour would tend to bias CPUE up 
from its true level, as a number of small target ling catches would be recorded with a different target 
species. However, for the areas analysed here, virmally all ling taken by lime are confidently believed 
to be from fisheries targeting that species. Ling taken in line fiheries with other stated targets makes 
up less than 2% of the total ling line catch. 

The converse problem, listing ling as the target species when other species are the actual target, did 
occur, but appears to be reshicted to the Chatham Islands. Thii type of misreported data is generally 
easy to identify and remove. 



In summary, the data are believed to provide a relatively accurate and comprehensive reflection of the 
catch and effort in the ling line fisheries, and to contain no sigruf~cant errors. 

Did the model provide an adequate and valid method of explaining data variance? 
The standardised analyses presented here aim to correct for variance between variables. (i.e.. those 
relating to fishing gear, season, and area), and hence, determine an overall year effect for relative 
catch rates. 

The extent of the residual variance explained by the finally accepted models varied from 20% on the 
Campbell Plateau to 49% on the Chatham Rise (see Table 5). For all stocks, it was possible to 
increase the R' value by allowing a completely automatic variable selection process and the selection 
of any interaction effects. As an example, @ for the Bounty Plateau analysis could be improved by 
15% in this way. However, that analysis included interaction terms between vessel power and both 
month and SOI, whichare probably meaningless, a vessel*month interaction effect with more than 
half the combinations containing no data, and vessel coefficients with an implausibly wide raige. 
Because of the necessity to remove nonsense or poorly defined parameters, the final model for each 
stock contained fewer variables than were chosen in the automatic variable selection process. 
However, although this reduced the @values, the rksulting models were believed to provide the most 
valid explanation of residual variance. 

For each stock, it was found that for both the finally accepted model and the fully aut&atic variable 
selection model, the trend in the indices (and often the indices themselves) tended to be very similar. 
Clearly, the fust two or three selected variables provided most of the explaining power and defined 
the indices, with subsequent variables just adding a little "fine tuning". Also, the standardised indices 
from the current analyses (see Table 6) are generally similar to those calculated in recent years (Horn 
et al. 2000, Horn & Zheng 2001). Some changes would be expected, owing to the addition of another 
year's data, the use of a more complete and more thoroughly groomed data set, differences in the data 
selection process. and the rejection of some automatically selected variables. 

It could be argued that the level of acceptance for an interaction effect (i.e., requiring all combinations 
of the two variables making up the interaction tern to contain data) was too generous, even though all 
plausibleinteractions terms &lected into the models described above were-still rejected because of 
insufficient data. A requirement that all combinations of the two variables contained at least some set 
number of data points would certainly be more rigorous. Equally, it could be argued that the 
acceptance criterion used here was too harsh (i.e., a valid interaction effect could be determined even 
though some combinations of the two variables contain no data). The most influential interaction 
terms were found to be those involving combinations of month, statarea, or.vess&y. It would be 
possible to create interaction terms that meet the threshold criterion by grouping or deleting data (e.g., 
grouping data from consecutive months or adjacent statistical areas, or being more rigorous in 
deleting data from infrequently fished statistical areas). However, from the analysis described above, 
the over-riding impression is that any changes in the final indices as a result of changing the 
interaction term requirements are likely to be slight. 

The current analysis uses catch per hook per day the unit of CPUE. This assumes that there is a 
constant relationship between the number of hooks set and the quantity of catch. However, an 
examination of the daily catch rate against the number of hooks set (see Figure 10) indicates that 
relationship between number of hooks and catch is not linear, particularly when the number of hooks 
set is low (i.e., less than 5000). However, this non-linear relationship is likely to have caused little 
bias in the analysis for two reasons. F i t ,  most of the data from each area support the assumed trend 
of no relationship between number of hooks set and the daily catch rate per hook. Second, vessels 
setting relatively few hooks (and, therefore, obtaining relatively higher rates of catch per hook) will 
generally fish consistently in this way, whereas those fishing large numbers of hooks will consistently 
operate in this way. Consequently the inclusion in the model of the vessel identifier will likely 
account for much of this difference. However, offering numbers of hooks set per day as a predictor 
variable could result in better model fits. 



In summary, the model type and methods of standardisation are believed to be suiolble for the 
fisheries analysed, and the diagnostic analysis of variable coefficients and residuals indicate a 
reasonable and logical fit of the data to the model for all four stocks. However, future modelling 
should include an analysis using catch per day as the unit of CPUE and offering number of hooks set 
per day as a predictor variable. 

Can the assumed relationship between CPUE and abundance be validated? 
The sets of standardised indices indicated that, throughout the 1990s, ling stocks targeted by line 
fisheries had remained relatively constant on the Campbell Plateau, had declined by about 40% on the 
Bounty Plateau and off WCSI, and declined by about 60% on the Chatham Rise (see Table 6). The 
best method for validating a CPUE series is comparison with other abundance information. 

Fisher perceptions on changes in catch rates provide a qualitative indication of changes in abundance. 
Comments by fishers at a Fishery Assessment Working Group in 1999 clearly indicated that ling on 
the Chatham Rise were harder to catch then than they were in the early 1990s. 

Data collected from 1995 to 2000 by SeaFIC from a logbook programme on ling longliners shows, for 
t h e ~ I N  4 section of the Chatham Rise, a consistent and marked decline over time in the mean size of 
fish caught (Langley 2001). This is consistent with the fishing down of large f s h  in the population, 
and is likely to be associated with a reduction in CPUE. 

No fishery-independent measures of relalive abundance are available for ling from the Bounty Plateau 
or WCSL However, series of trawl survey indices are available for the Chatham Rise and Campbell 
Plnteau tiom throughout the 1990s. Selectivity ogives from Horn & Zheng (2001) indicated that ages 
at 50% selectivity to the line fishery were 12 and 10 years for male and female ling, respectively, on 
the Chatham Rise, and 9 and 8 years for males and females on the Campbell Plateau. Biomass of ling 
recruited to the line fisheries in the trawl m e y  area was derived using fish these ages or older for the 
respective sexes and areas. The biomass estimates are plotted in Figure 12. A clear trend is apparent in 
the Chatham Rise data, with biomass declining by about 50% from 1992 to 2001. This is similar to 
the decline indicated by the line CPUE. On the Campbell Plateau there are two tmwl survey series; 
summer and autumn. The autumn series indicates a decline of about 30%, but the summer series 
indicates a slight increase over time. The highest and lowest estimates of biomass occur in the same 
year (1992), but in diierent survey series. Overall, these two series indicate a relatively constant level 
of biomass throughout the 1990s. which, again, is similar to the trend indicated by the CPUE for this 
area. 

In summary, the trends in CPUE ftom the Chatham Rise and Campbell Plateau fsheries appear to 
correlate well with indices derived fromresearch surveys. 

The CPUE series derived here ftom the ling line fisheries around the South Island appear 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. 

1 4.2 Trends in variable selection 

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, month and vesseky  were selected as one of the first three variables. Clearly, catch rates in 
all areas vary throughout the year, probably in relation to the spawning season for ling. Skill levels 
andlor gear efficiency vary between vessels, although in each area vessel catch rates seldom differed 
by more than a factor of 3. An areal effect on catch rates is also indicated as statistical area was 



selected into the models for all areas except theBounty Plateau (where only two statistical areas are 
fished). The Southern Oscillation Index was selected into the models for three of the stocks, but it 
never explained more than 1% of the variance. 

Fishing method was selected into the Chatham Rise model only. It could not be selected into the 
models for Bounty Plateau or Campbell Plateau as the fmal data sets for these areas contained bottom 
longline data only. However, the WCSI line fishery included a si&cant component of trot l i e  
fishing in the early 1990s and some dahn lining (Horn 2001). The Chatham Rise analysis indicated 
that catch rates by bottom longline were generally less than for trot and dahn lines. The bonom 
longlines in this area were generally fished by the large auto-liners. Because of the length of the lines, 
sections of them would sometimes be fished in sub-optimal areas, and the automatic baiting systems 
used always leave a proportion of hooks unbaited. In contrast, trot and dahn l i i  tend to be fished by 
smaller operators, so the gear is more completely baited and can be better targeted to particular 
bottom topography. Off WCSI, the bonom longlines are generally shorter than on the Chatham Rise, 
and are also fished by small operators, hence the differences in catch rates between methods used off 
the west coast is likely to be less pmnounced. 

The model trends in catch rate with changing SO1 were similar on the Campbell Plateau and Bounty 
Plateau, i.e., a peak in catch rates at an SO1 of about -5 to 0 (see Pigures 5 and 7). However, the 
calculated SO1 effect for WCSI is the complete opposite, i.e., a trough at 0 (see Figure 9). It is 
possible that the effects of the Southern Oscillation Index on ling behaviour differ markedly between 
the water masses off WCSI and in the Sub-Antarctic. 

4.3 CPUE as a stock model input 

Discussion above has indicated that the selected data, model methods, and results of the CPUE 
analyses presented here provide sets of indices that can be validly applied 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 6 will be included as inputs in pending 
assessments of ling around the South Island. 

In recent assessments of ling, CPUE indices have been applied in the models with a coefficient of 
variation (c.v.) of 0.35 (e.g., Horn & Zheng 2001). This value was chosen by the Middle Depth 
Species Fishery Assessment Working Group, based on a "rule of thumb" for CPUE c.v.s. In a recent 
evaluation of catchability assumptions in New Zealand stock assessments, Francis et al. (2001) 
recommended that default c.v.s for CPUE indices should be in the range 0.15-0.2, rather than 0.3- 
0.35. Therefore, in the pending assessments, a C.V. of 0.2 will be applied to all CPUE series in the 
base case model runs. 
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Table 1: Summary of the variables used in the CPW models. 

Variable Type Description 

Year 
Month 
Statistical area 
Method 
Vesselkey 
Day of year 
CPUE 
SO1 
Length 
Brendth 
Draught 
LBD 
Power 
Tonnage 

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

Calendar year 
Month of year 
Statistical area for the set 
Fihing method (tattorn longline, trot line, dahn line) 
Unique vessel identifier 
Julian day, starting at 1 on 1 January 
Ling catch (kg) per number of hooks hauled in a day 
Southem 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 
Vwsel length x breadth x draft 
Power of the vessel 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 initial selection. Statistical areas subsequently removed from the final 
analyses are denoted by an asterisk; the percentages of data deleted in this way are also listed 

C-Q Campbell 1991-2000 Bountv 1992-2000 W m  
Statarea Days Statarea Days Statarea Days Statarea Days 

% deleted 0.1 



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; Vwel, number of 
vessels contributing to the accepted records. The total in the 'Yessel" column indicates the number of 
unique vessels contributing to the accepted records throughout the time series. 

Chatham Rise Carnobell Plateau Bountv Plateau WCSI 
Year Days Catch Vessels Days Catch Vessels Days Catch Vessels Days Catch Vessds 

1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

Total 



Table 4: Number of records, by statistical area an$ year, used in the Gnal standardised analysis for each 
stock 

Chatham Rise 
18 91 
19 1 
20 187 
2 1 24 
22 0 
23 0 
24 55 
401 11 
402 6 
403 2 
404 0 
405 0 
407 2 
408 0 
409 0 
410 0 
49 2 
50 0 
51 0 
52 0 

Campbell Plateau 
30 - 
602 - 
603 - 
604 - 
605 - 
610 - 
611 - 
618 - 
619 - 
Bounty Plateau 
607 - 

West coast South Hand 
32 19 58 
33 169 186 
34 104 194 
35 6 12 
36 4 0 



Table 5: Standardised CPUE models for the Line fisheries fmm the four stocks, showing the percentages 
of residual deviauce explained as each new variable was added. 

Step Variable % deviance 

Chatham Rise (LJN 3&4) 
Year 11.8 

1 Vesselkey 44.5 
2 Month 47.6 
3 Method 48.2 
4 Statarea 48.8 

Campbell Plateau (LIN 5&6) 
Year - 

1 Vesselkey 
2 Statarea 
3 Month 
4 SO1 

Bounty Plateau &IN 6B) 
Year 4.5 

1 Vesselkey 36.3 
2 Month 40.7 
3 SO1 41.5 

West Coast South Island &IN 7WC) 
Year 3.2 

1 Month 13.5 
2 Vessekey 22.3 
3 Statarea 23.0 
4 SO1 23.7 

Table 6: 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 

1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

Unstd Std 95% CI 

Chatham Rise ILIN 3&4) 
1.00 1.00 - 

Bountv Plateau (LIN 6B1 
- - - 

Unstd Std 95% CI 

Cam~beU Plateau CLIN 5&61 
- - - 

1.00 1.00 - 
1.34 1.28 1.09-1 SO 
1.46 1.27 1.07-1.49 
1.24 0.99 0.85-1.16 
1.24 1.13 0.99-1.33 
1.07 0.93 0.79-1.11 
1.19 1.24 1.W-1.44 
1.04 1.07 0.91-1.26 
0.85 1.06 0.87-1.29 
1.03 1.24 1.01-1.53 

WCSI &IN 7WC) 
1.00 1.00 - 



Figure 1: Map of the New Zealand EEZ with statistical areas (numbers from 001 to 801), showing how 
they wwe grouped (thick lies) 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 2: Diagnostic plots for the CPUE model of the Chatham Rise ling line fishery. 



Figure 3: Expected variable effects for variables selected into the CPUE model for the Chatham Rise ling 
line fishery. "Expected non-zero catch rate" is kg per hook in this fishery. In the "method" plot, the 
methods are bottom longline (BLL), d a b  line (DL), and trot line (TL). 
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Figure 4: Diagnostic plots for the CPUE model of the Campbell Plateau ling line fishery. 



Figure 5: Expected variable effects for variables selected into the CPUE model for the Campbell Plateau 
ling line fishery. 'Zxpected non-zero catch rate" is kg per hook in this fishery. 
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Figure 6: Diagnostic plots for the CPUE model of the Bounty Plateau ling line fishery. 
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Figure 7: Expected variable effects for variables selected into the CPUE model for the Bounty Plateau 
ling line fishery. T3xpected non-zen, catch rate" is kg per hook in this fishery. 
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Figure 8: Diagnostic plots for the CPUE model of the WCSI ling line fishery. 
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Figure 9: Expected variable effects for variables selected into the CPUE model for the WCSI ling line 
fishery. "F,xpected non-zero catch rate" is kg per hook in this fishery. 
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Figure 10: Catch rate of Ling plotted against the number of hooks set per day, for the Line fisheries from 
the four areas. Only data from sets used in the final standardised CPUE analyses are shown. 



Figure 11: Estimates of the percentage of hooks successfully baited, by set, on observed auto-longhers. 
Data are from fishing operations in areas LIN 3,4,5, and 6. The fitted linear regression to these points is 
also shown. 
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Figure 12: Biomass (t) of ling recruited into the line fisheries as estimated from trawl surveys of the 
Chatham Rise and Campbell Plateau, with the respective CPUE series overlaid 


