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EXECUTIVE SUMMARY 

Horn, P.L. (2004). CPUE from commercial Esheries for ling (Genypterus blocodes) in 
Fishstocks LIN 3,4 5,6, and 7 from 1990 to 2002. 

New Zealand Fisheries Assessment Report ZOO4llZ.41 p. 

Existing series of C m  for commercial line fisheries targeting ling on the Chatham Rise 
&IN 3&4), the Campbell Plateau (LIN 5&6), the Bounty Plateau (L.IN'~B), the west coast of 
the South Island (WCSI) (LEY 7WC). and Cook Strait (LIN 7CK) were updated to include 
data to the end of the 2002 calendar year. Series are available for Chatham Rise, WCSL and 
Cook Strait from 1990 to 2002, for the Campbell Plateau from 1991 to 2002, and for the 
Bounty Plateau from 1992 to 2002. 

An existing series of CPUE for the ling bycatch from the trawl fishery targeting hoki in Cook 
Strait since 1990 was also updated with the addition of data from the 2002 calendar year. A 
new series of CPUE for the ling bycatch from the trawl fishery targeting- spawning hoki off 
WCSI is presented for the first time. The series covers 1994 to 2002, years when the reporting 
of ling catch from this fishery is believed to have been relatively accurate. In an attempt to 
validate the derivation of CPUE indices for a species taken as a trawl bycatch, a CPUE series 
for the ling bycatch fkom the target hoki fishery on the Chatham Rise was calculated and 
compixed with the series of trawl biomass indices derived from research surveys. It is 
suggested that given certain conditions, useful series of CPUE indices can be derived for 
bycatch species from trawl fisheries. 

Data used in the CPUE analyses were groomed to remove as many errors as possible. Data for 
the longline analyses were selected to ensure that they related to vessels that had consistently 
targeted and caught significant landings of ling (and so were likely to h l y  represent 
experienced and competent ling fishers). For the trawl fishery analyses, only data from 
vessels that had consistently reported ling bycatch from the chosen years were included. The 
catch 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 from the 
final models. 

The standardised indices indicated that, since the early 1990s. ling stocks targeted by line 
fisheries had declined by about 20% on the Campbell Plateau, and about 55% on the Chatham 
Rise and Bounty Plateau. The stock off WCSI had declined but then recovered (although the 
trend was weak, and the series may not be reliable). The Cook Strait stock appeared to have 
remained relatively constant throughout the 1990s but showed some stock growth since 1999 
(although this series was not considered to be a reliable index of abundance). 

The standardised indices derived from the trawl fisheries indicated ling stocks exploited by 
trawl in Cook Strait had declined to about 50% of the 1990 level but were exhibiting some 
recent recovery, and off WCSI had declined by about 35% <ice 1994. The Chatham Rise 
stock exhibited a relatively constant set of indices (comparable to those from the trawl 
biomass surveys) from 1990 to 1998. Differences in line and trawl CPUE series derived for 
individual stocks are discussed. 



This document reports the results of Project LIN2OW01, Objective 2, to update the standardised catch 
and effort analyses from the ling longline fisheries in LJN 3.4.5.6, and 7 with the addition of data up to 
the end of the 2001-02 fishing year. 

The updated commercial line fishery series are for ling on the Chatham Rise and the west coast South 
lsland (WCST) from 1990 to 2002, the Campbell Plateau from 1991 to 2002, and the Bounty Plateau 
from 1992 to 2002. These four fisheries account for about 95% of New Zealand's linecaught ling 
(Horn 2001). The lining method principally used in a l l  these areas is bottom longline. CPUE analyses 
of these fisheries were. most recently repaaed by Horn (2002~). 

A target line CPUE series for the postulated Cook Strait biological stock (which straddles Fishstocks 
LIN 2 and LIN 7) was reported by Horn (2003), but only for the years 1990 to 1996 as effort levels 
were low from 1997 to 2001. This series was not used into the Cook Strait ling assessment reported 
by Horn & Dunn (2003). However, because a reasonable amount of effort was directed at this fishery 
in 2002 (i.e., 87 days) this series is also updated here to include all data from 1990 to 2002. 

Series of ling CPUE indices derived from trawl fisheries targeting species other than ling were h t  
reported by Horn (2003). The series from the Qawl fishery targeting hoki in Cook Stnit from 1990 to 
2001 was believed to be a reliable index of abundance of ling vulnerable to that fishery because there 
had probably been no changes in fishing or reporh~g practice that would have biased the data, and 
there was no incentive to either target or avoid ling. The series was also smooth, based on large 
volumes of data, had narrow confidence bounds, and exhibited a Wend generally similar to that of the 
longline series in years 1990 to 1996. It is updated here to include data from 2002. 

Horn & D m  (2003) noted the uncertainty in the LIN 7WC assessment, and suggested that a relative 
abundance series from the &awl fishery (which takes about 70% of the ling catch) could enhance the 
precision. Trawl CPUE has not pwiously been estimated for this fishery for two reasons. First, ling is 
- h o s t  exclusively a bycatch i f  the target hoki fishery, and CP% for a bycatch species was 
considered unreliable. Second, there. was a strong likelihood that reported landings of ling from'this 
fishery were unreliable up to the early 1990s (&&a et al. 2003). ~ i w e v e r ,  f o l l o & ~ ~  the acceptance 
of the CPUE series derived from the ling bycatch of the hoki trawl fishery in Cook Strait (Horn 2003), 
and the belief that reported landings of ling from the WCSI hoki trawl fishery are probably reasonably 
accurate since 1994, it was considered worthwhile investigating a CPUE series from this fishery. This 
is presented below. As an additional method of examining how well trawl bycatch series for ling 
perform, indices will be derived for the ling bycatch taken in the hoki target fishery on the Chatham 
Rise. The status of this stock is believed to be relatively well known (Horn & Dunn 2003). and a 
fishery-independent series of annual fmwl survey biomass indices is available from 1992. It is 
hypothesised that the trawl CPUE and trawl survey series would exhibit similar trends. 

Series of longline CPUE indices have been used as inputs into population models for ling since 1996. 
These were the only indices of relative abundance available from the commercial fisheries on the 
Chatham Rise, Campbell Plateau, Bounty Plateau, and WCSL The trawl bycatch series from the Cook 
Strait fishery was first calculated in 2002 (Horn 2003), and was the only relative abundance series 
from the commercial fishery incorporated into the Cook Strait assessment (Horn & Dunn 2003). 
These series will be incorporated into future assessments of Fishstocks LIN 3, 4, 5, 6, and 7. The 
stock units used in the stock modelling are denoted as follows: 

0 Chatham Rise: QMAs 3 & 4 &IN 3&4) 
0 Campbell Plateau: QMA 5, and QMA 6 west of 176" E (LTN 5&6) 
0 Bounty Plateau: QMA 6 east of 176' E (LIN 6B) 
0 WCSI: QMA 7 west of Cape Farewell (LIN 7WC) 
0 Cook Strait: statistical areas 16 and 17 (LIN 7CK) 



2. METHODS 

2.1 Data grooming 

Catch and effort data, extracted from the fishery statistics database managed by the Ministry of 
Fisheries (MFish), were used in these analyses. All catch effort landing return (CELR) and trawl . 
catch, effort, and processing (TCEPR) records where ling were targeted or caught from anywhere 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 "LIM"); 
incorrect set positions, owing either to incorrect recording of east or west for longitudes, or 
to enos  of lo in latitude or longitude (often obvious based on preceding and following 
sets); 
transposition of some data (e.gl, 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 2002 calendar year) are stored in 
two relational database tables (t_lipcelr, and t-lin-tcepr) administered by MWA for Wish. Data 
from the 2002 calendar year were obtained from MFish in April 2003. 

* 
The data used in the longline CPUE analyses are the estimates of ling greenweight caught per day. 
Horn (2002~) discussed the possibiity that records from some vessels had estimated processed (e.g., ' 
headed and gutted) weight in this section of the CELR fom, and described how this potential source 
of error was checked for and corrected. Corrections to estimated weights from 10 vessels were 
required. However, no additional data from these vessels occurred in the 2002 records, so no 
corrections were required in these updated analyses. 

2.2 Variables 

Variables used in the analysis are described in Table 1 and are generally similar to those used in 
previous analyses (Horn 2002c, 2003). Longline CPUE 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 an explanatory variable. Hook number pei day was offered both as an 
untransfomed number and as log-transformed data. Trawl CPUE was defined as catch per tow, with 
tow duration offered as an explanatory variable. 

It would have been desirable to have gear width as one of the explanatory variables offered in the 
trawl models. However, it was apparent that this field in the TCEPR returns variously contained 
wingspread and doorspread measurements. Consequently, headline height was the only trawl gear 
dimension variable that could be offered. Trawling for hoki uses both bottom and midwater gear, so 
method was offered as an explanatory variable in the trawl analyses. Because midwater trawls are 
sometimes fished on the bottom, this method was split into two categories (i.e., midwater trawl fished 
in midwater, and midwater trawl fished on the bottom) based on the reported difference between 
bottom depth and depth of ground rope. 

Season variables of both month and day of year were offered. The Southern Oscillation Index (SOI) 
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 p u p s  of statistical areas (Figure 1) were selected as follows: 

Chatham Rise (LIN 3824) - 018-024,04~52,401-412,301 
Campbell Plateau (LIN 5&6) - 025-031,302,303,501-504,601-606,610-612,61fj-620,623425 
Bounty Plateau (LIN 6B) - 607409,613615,621,622 
West coast South Island 7WC) - 032436,701-706 
Cook Strait &IN 7CK) -016417 

Note 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 CampbeU 
Plateau is the closest submarine shelf to these statistical areas. 

Data were available from calendar years 1990 to 2002. Calendar year (rather than fishing year) was 
used because of a seasonal trend of higher catch rates in most ling line fisheries &g 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 line 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 fou~ times as many records per day fishing as other vessels. 
Consequently, all longline data were condensed (catches and hooks summed over vessel, day, and 
statistical area) to ensure that each record represented total catch and effort per statistical area per day. 

To ensure that the longline data to be analysed were within plausible ranges and related to vessels that 
had consistently targeted and caught significant landings ofling (and sowere 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 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 100 in 5 years (for LW 3&4), or 50 in 5 
years (for all other Fishstocks), and all vessels had fished in more than 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 Zing 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. 



Trawl data can be recorded on either TCEPR or CELR forms. TCEPR returns contain tow-by-tow 
data CELR returns often amalgamate a day's fishing into a single line of data, so some of the data on 
individual tows may be lost (e.g., duration, towing speed, bottom depth, gear dimensions). In the 
Cook Strait hoki target fishery from 1990 to 2002 there were about 16 000 records of ling landings on 
the TCEPR database and about 2000 records on the CELR database. CELR records comprised a 
similarly low proportion of the total trawl data for the WCSI and Chatham Rise fisheries. 
Consequently, only TCEPR data were used in the CPUE analyses of the trawl fisheries as this data 
source enabled a greater variety of explanatory variables to be offered. 

To ensure that the trawl data to be analysed were within plausible ranges and related to vessels that 
had consistently caught and recorded ling landings, data were accepted if all the following constraints 
were met: 

target species was hoki, 
ling catch was greater than 5 kg and less than 15 000 kg per tow, 
tow duration was between 0.2 and 8 hours, 
number of tows for a vessel was more than 100 in 5 years in Cook Strait, 200 in 5 years off 
WCSI, and 400 in 5 y e m  on Chatham Rise, and all vessels had fnhed in more than 1 year. 

2.4 The model 

The lognormal linear model was used for all analyses. 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 defmed 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. The 
standardised indices were calculated using GLM, with associated standard errors. Indices are 
presented using the canonical form (R.I.C.C. Francis, NIWA, pers. comm.) so that the mean of all the 
indices for a particular stock is approximately equal to 1. The c.v.s represent the ratio of the standard 
error to the index. The 95% confidence intervals are also calculated for each index 

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 (kg) for longline or catch per 
tow (kg) for trawl. 

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

Interaction terms allow f& the relationship between CPUE and a particular explanatory variable to 
vary with &other explanatory variable (e.g., an interaction between month and statarea indicates that 
the relationship between CPW and month differs with stararea). Since the primary interest is in 
relative year effezts, 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. 

Model predictions for all variables selected into the final model are plotted against a vertical axis 
representing the expected (non-zero) catch. To calculate the y-values for a pdcular variable, al l  other 
model predictors must be 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. 

2.5 Validation of the trawl fishery series 

It might be expected that CPUP, series &rived from different fishing methods (i.e., trawl and 
longline), but in the same stock area, should show some similar trends. The trends are unlikely to be 
identical because, owing to the different selectivity ogives for each method, the two fsheries would 
not be exploiting identical sections of the total population. 

D u n  et al. (2000) proposed four points that should be considered as part of the process to determine 
whether a CPUE series accurately mirrored fish abundance. 

Is there a good likelihood that CPUE provides an index of abundance (for that part of the 
population targeted by the fishery)? 
Are the data used in the analyses comprehensive and accurate? 
Was the modelling method valid for the available data? 
Do fishery-independent data support the CPUE trends? 

. . 
H& (2002a) showed that the CPUE series from the four main longline fisheries met thbe criteria. 
The CPUE series derived here from the trawl bycatch fisheries will be examined to determine how 
well they fit the criteria. 

3. RESULTS 

3.1 Llng target longfine fishery serles 

For each of the five 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. 

3.1.1 Chatham Rise (LIN 3&4) 

The previous analysis of this data set (Horn 2002a) had set the threshold for inclusion of a vessel at a 
minimum of 50 days fished in 5 years. However, this allowed the inclusion of about 20 vessels that 
contributed only 6% of the data, and some vessels that had fished in only 1 year. To remove these 



vessels, and hence use data that are probably more representative of the main ling target fishery, the 
threshold for LlN 3&4 was raised to a minimum of 100 days fished in 5 years. 

The Chatham Rise final analysis comprises over 10 000 records of days fished ('Table 3). The 
estimated landings from this effort represent more than 90% of the total estimated landings by line 
fishing for this stock. Line fishing accounted for about 55% of the LIN 3&4 landings throughout the 
1990s (Hom 2001). Data from bottom longline, trot line, and dahn line operations were included in 
this analysis, and fishing method was offered as an explanatory variable. None of the 25 vessels 
included in this analysis had fished in every year, but 11 vessels had fished in 6 or more years @gure 
2). 

The model run without interactions indicated that statarea explained an insignificant amount of the 
variance. Consequently, data from all but four of the statistical areas were retained in the final 
analysis. The areas that were deleted contributed only 16 observations over the 13 years of the 
analysis, and these are probably amibutable to reporting errors or exploratory fishing. In the model 
run with full interactions, one interaction (vessel:log(hookno)) entered the model as it explained 2.3% 
of total variance. However, its inclusion in the model resulted in an implausible range for the vessel 
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% of the 
total variance. 

The model assumptions are mainly satisfied, and there are no marked patterns in the residuals Pi:igure 
3). 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 Elgure 4. The relationship between the number of 
hooks set and daily catch is approximately linear. Data from 25 vessels are incorporated in the model, 
and the difference between the best and worst vessels is less than a factor of 6. This level of between- 
vessel difference is not exceptional given the inclusion in the analysis of auto-longliners 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 4) show a steady decline from 1990 to 1997, followed 
by a relatively constant signal since then. 

It is apparent from Figure 2 that the dynamics of the LlN 3&4 longline fleet changed quite markedly 
around 1997; several vessels ceased fishing around this time, and several new vessels entered the 
fishery. To test whether this change had any effect on the CPUE series, separate analyses were 
conducted for 1990 to 1997 and 1997 to 2002. The resulting series are compared with the "all years" 
indices, standardised so that the 1997 value is the same in all series (Figure 5). The two shorter series, 
when standardised to 1997, produce a pattern of indices almost identical to that from the initial CPUE 
analysis. It is concluded, therefore, that the change in fleet dynamics has not biased the CPUE series. 

3.1.2 Campbell Plateau (LIN 5&6) 

Line fishing accounted for about 25% of the Lm 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. Data kom 
12 vessels were included in the final analysis (see 2). No vessel had fished the entire series, but 
five had fished in six or more yean. 



The model run without interactions indicated that statarea was a variable with considerable 
explanatory power (it explained about 6% of the variance). However, 21 statistical areas each had 
records of 51 or fewer days fished throughout the 12-year series; six of the areas produced no data at 
all. Their removal involved less than 4% of the data, but reduced the number of included statistical 
areas to 9 (each with over 130 days fished). It is believed that the remaining subset 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., vessel:month, 
vessel:statarea, vessel:log(hookno), month:statarea, and month:log(hookno). However, the inclusion 
of these resulted in ranges of more than two magnitudes in thecoefficients of the vessel and month 
variables. The model was re-run restricting either vessel, month, statarea, or Iog(hookno) fmm 
entering any interaction. It was apparent from these runs that interactions including the vessel variable 
were causing the implausible coefficient ranges. Consequently, the final model was derived from a 
run allowing interactions between all variables except vessel. This reduced total explained variance by 
about 4%, but the final series of year effects obtained with and without vessel interactions were 
virtuaUy identical. 

The variables entering the h a 1  model were vessel, log(hookno), statarea, and month, with 
interactions between the last three. More than 51% of the variance was explained by the log(hookno) 
variable, and total explained variance was 69.3% (see Table 4). The model assumptions were mainly 
satisfied, there being only limited deviations from normality (Figure 6). 

The effects of the selected variables are shown in Figure 7. The relationship between the number of 
hooks set and daily catch is approximately linear, although with a slight declining catch per hook at 
very high hook numbers. Overall catch by statarea varied by a factor of about 6. Daily catch by vessel 
varied by less than a factor of 4. The standardised year effects (Table 5, Figure 7) indicate a slight 
declining trend thmughout the series. 

3.1.3 Bounty Plateau (LIN 6B) 

Line fshing accounts for -dually all the Bounty Plateau ling landings since 1992 (Horn 2001), and 
the final analysis presented here includes data from fishing operations responsible for over 98% of 
those linetaught ling. In 11 years of fishing, just over 1400 vessel days have been reported, although 
three of the years were represented by just over 60 days each (see Table 3). Bottom longline is the 
only method used in this fishery (Horn 2001). Data from seven vessels were incorporated in the find 
analysis, and one of these vessels had fished in all 11 years (see Figure 2). 

The model run 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 erron or exploratory fishing. In the model run with full interactions, vesse1:month and 
log(hookno):month were selected The inclusion of the vessel interaction was found to adversely 
affect the vessel coefficients, so it was excluded. 

The variables selected into the final model explained 51.9% of the total variance uable 5). The model 
assumptions were mainly satisfied, there being only slight deviations from normality (Figure 8). 

The effects of the selected variables are shown in Figure 9. The relationship between the number of 
hooks set and daily catch is approximately linear. Overall catch rates for the included vessels vary by 
a factor of less than 3. Catches were high from July to October, and low from November to June. 

The standardised year effects cable 5, Figure 9) indicate a relatively rapid decline from 1992 to 1994, 
followed by relative constancy in the indices to 1999, and then a slight declining trend to 2002. The 
lowest index occmed in 2002. 



3.1.4 West coast South Island (LIN 7WC) 

About 30% of the landings of ling from the WCSI section of LIN7 were taken by line fishing 
throughout the 1990s (Horn 2001). The fmal analysis below includes data from fishing operations 
responsible for over 95% of the h e  landings (see Table 3). This fishery involves small inshore 
vessels almost exclusively; only one auto-longline vessel has participated (see Horn & Ballara 1999). 
Data from the auto-longliner were rejected because the number of days fished did not reach the 5-year 
threshold (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 an explanatory 
variable in this analysis. The final analysis included data from 20 vessels (see Figure 2). Three of 
these had fished in all 13 years of the series, and 11 vessels had fished in six or more years. 

The model run without interactions indicated that statarea was a variable with some explanatory 
powa. Consequently, data from only three statistical areas (032, 033, 034) were retained in the 
analysis (contributing over 98% of the availabl= observations). In the model run with full interactions, 
interactions between statarea, month, log(hookno), and vessel were selected However, the inclusion 
of the vessel interaction effects produced an implausible range of vessel coefficients, so only 
interactions between the three other variables were retained. The variables entering the model (vessel, 
month, log(hookno), smtarea, and interactions between the last three) explained 35.7% of total 
variance (see Table 4). 

The model assumptions were mainly satisfied, but there was evidence of non-normality in the pattern 
of the residuals (Figure 10). 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 11. Most vessel coefficients were in a 
relatively narrow range, but even 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 increased to a peak at about 2500 hooks, then declined slightly after that. There was little 
difference in catch rates from the three statistical areas included in the analysis. 

The standardised year' effects (Table 5, Figure 11) indicate a decline from 1991 to 1996, followed by 
an increasing trend since then. The most recent indices are at the same level as the peak in 1991-92. 

3.1.5 Cook Strait (LIN 7CK) 

The line fishery in Cook Strait took about 20% of the ling landings from this area throughout the 
1990s (Horn 2001). The ling target line fishery had relatively small numbers of records from 1997 to 
2001 (see Table 3), but data from all years were included in the analysis. Over 90% of days fishing 
occurred in statistical area 016 (see Table 2). Bottom longline and dahn line are both used, with 
bottom longline being more dominant. The unstandardised indices of catch per day showed no clear 
trend throughout the period analysed (Table 5). Two large auto-longline vessels fished in this area in 
1999-2002. However, the data produced by these vessels were still insufficient to meet the 5-year 
threshold (see Section 2.3). so they were not included in the model. Data £rom 16 vessels were 
incorporated in the final analysis, and one of these had fished in all 13 years of the series (see Figure 
2). Five vessels had fished in six or more years. 

The model run without interactions indicated that statarea explained none of the variance, so data 
from both statistical areas were retained. In the model run with full interactions, month:log(hooh) 
was selected Of the variables entering the model in the final analysis, vessel was dominant and 
explained about 33% of the variance. Vessel, log(hookno) and month were the selected variables, 
explaining 55.5% of the total variance (see Table 4). The model assumptions were mainly satisfied, 
there being no marked patterns in the residuals and limited deviations from normality (F'igure 12). 



The effects of the selected variables are shown in Figure 13. Catch rates by all but one of the vessels 
in the model varied by less than a factor of 7. Expected catch rate per hook declines slightly with 
incmsing hook number. Highest catch rates tend to occur from June to October, although the 
difference between the best and worst month is less than a factor of 2. 

The standardised year effects (Table 5, Figure 13) show a relatively flat index from 1990 to 1999, 
followed by a steady increase since then. Confidence bounds around the 1997 and 1999-2002 indices 
are very wide; these tend to be the years with the fewest days of ling targeting. 

A new vessel (vessel 7) entered the fishery in 2002 and was responsible for about 40% of that year's 
data (see Figure 2). Its expected catch rate was similar to that of other vessels fishing in 2002 (vessels 
1 and 5) and, indeed, to most of the vessels targeting ling in Cook Strait (Figure 13). However, thee  
is a potential confounding between the 2002 year effect and vessel effect because that vessel provided 
so much of the 2002 data, so it is not possible to tule out the apparent change in fleet dynamics as a 
reason for the marked jump in CPUE. 

I 3.2 Trawl fishery ling bycatch series 

Index series for the ling bycatch in three target trawl fisheries for hoki (Cook Strait, WCSI, and 
Chatham Rise) are presented below. For each of the three fisheries, total numbers of days fished (by 
trawl method), 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 (i.e., following initial grooming and 
removal of seldom-fished areas) are given in Table 6. The numbem of records of days fished in each 
statistical area (following initial grooming and removal of seldom-fished areas) are listed in Table 7. 

I 3.2.1 Cook Strait (LIN 7CK) 

The haw1 fishery targeting hoki in Cook Strait produced a minimum of 612 tows per year, and almost 
15 000 tows from 1990 to 2002 (Table 6). The unstandgdised indices of catch per tow exhibited a 
clear declining trend. Fishing occurs in statistical areas 016 and 017, but area 016 is the more heavily 
fished (Table 7). There are no apparent consistent changes in effolt by area over the period analysed. 
The fishery is dominated by the midwater trawl method (see Table 6); little bottom trawling for hoki 
was conducted in this a w ~  before 1994. Horn (2003) showed that the CPUE derived from bottom 
trawl data only, midwater Gawl data only, and both methods combined, produced series with virtually 
identical trends. Consequently, only the 'bothmethods combined' analysis is updated here. However, 
the midwater trawl category has been split into two, i.e., fishing on the bottom, and fishing in 
midwater. Of the 29 vessels included in the final analysis, only three had fished in all years (Figure 
14), and three vessels produced about 45% of the data. About 65% of the vessels had fished in six or 
more years. 

The model run without interactians indicated that statarea explained none of the variance, so data 
from both statistical areas were retained (see Table 6). In the run with full interactions, interactions 
between month, duration, and headlineht entered the model. Of the variables entering the model in the 
final analysis, vessel was dominant. The final model explained 30.8% of the total variance (Table 8). 
The model assumptions were mainly satisfied, there being no marked patterns in the residuals and 
limited deviations from normality (Figure 15). 

The effects of the selected variables are shown in Figure 16. Catch rates by most vessels in the model 
varied by less than a factor of 4. Ling catch increases approximately linearly with tow duration. The 
headline height relationship indicates that expected catches of ling are greater in bottom trawls (i.e., 
low headline height) than midwater trawls (i.e., greater headline heights). Method was not selected 
into the model. Highest catch rates tend to occur from May to December, though differences between 



any months are less than a factor of 3. The interactions between month, tow duration, and trawl 
headline height stem from a preference to use shorter tows in midwater to catch aggregated hold 
during their spawning season from June to September. 

The standardised year effects Fable 6, Figure 16) indicate a steady decline from 1990 to 1995, 
followed by five years of relatively constant indices, and then an increase since 2001. The individual 
indices have narrow confidence bounds. 

3.2.2 WCSI (LIN NVC) 

The trawl fishery targeting spawning hoki off WCSI produced a minimum of 645 tows per year after 
data grooming and selection, and over 17 OM) tows from 1994 to 2002 (see Table 6). The number of 
included tows per year has shown a strongly increasing trend over time. Only data from June to 
September (the main period of the WCSI hold target trawl fishery) were included. The unstandardised 
indices of catch per tow had a slightly declining trend. The fishery is dominated by the midwater trawl 
method, but there are large numbers of bottom and midwater trawl shots in each year (see Table 6). 
Just less than half the midwater tows were reported to have been fished on the bottom. Data from the 
three. method categories were included in the model, and method was offered as an explanatory 
variable. Of the 44 vessels included in the final analysis, 12 had fished in all years, and all but 8 had 
fished in five or more years (see 14). 

The model run without interactions indicated that statarea explained none of the variance, so data 
from all statistical areas fished (ie., areas 033-036 and 703) were retained. In the run with full 
interactions, interactions between headlineht and each of latitude and month entered the model. Of the 
variables entering the model in the final analysis, vessel was dominant. The final model explained 
22.2% of the total variance (Table 8). The model assumptions were well satisfied, with very balanced 
residuals and no deviations from normality (Figure 17). 

The effects of the selected variables are shown in Figure 18. Catch rates by a l l  vessels in the model 
varied by less than a factor of 6, although most vary by less than a factor of 3. The headline height 
relationship indicates that expected catches of ling are greater in bottom trawls (i.e., low headline 
height) than midwater trawls (i.e., greater headline heights); method was not selected into the model. 
Ling catch peaks at a depth of about 400 m, and increases with increased tow duration. The 
categorical lntitude variable enters the model, but there is a 'difference of less than a factor of 2 
between the best and worst category. Catch rates vary slightly between months, being lowest in 
August. Catch rates of ling are about 40% higher at midday than midnight 

The standardised year effects (Table 6, Figure 18) have a steady declining k n d  throughout the entire 
series, indicating a decline of about 35% between 1994 and 2002. The individual indices have very 
narrow confidence bounds. 

3.2.3 Chatham Rise (LIN 3&4) 

The trawl fishery targeting hoki on the Chatham Rise produced a minimum of 1188 tows per year 
after data grooming and selection, and over 50 000 tows from 1990 to 2002 (see Table 6). The 
number of included tows per year has generally increased over time. The unstandardised indices of 
catch per tow initially declined followed by a recovery. The fishery is dominated by the bottom trawl 
method; about 10% of the reported tows were by midwater trawl and these were excluded from the 
model. None of the 31 vessels included in the find andysis had fished in aU years, but about half had 
fished in six or more years (see Figure 14). 

The model run without interactions indicated that statarea explained a si@cant amount of the 
variance. Consequently, data from statistical areas 024, 049, 050, 051, 301, 404, 405, 406; 411, and 



412 were excluded (amounting to less than 0.02% of the total data); none of these areas had more than 
100 data records. Remaining statistical areas each had 593 or more data points (see Table 7). Of the 
variables entering the model in the tinal analysis, vessel explained almost 20% of the variance, and 
duration was the next most influential (explaining 1.5% of variance). The final model explained 
26.6% of the total variance (Table 8). The model assumptions were mainly satisfied, there being no 
marked patterns in the residuals and limited deviations from normality. 

The effects of the selected variables are shown in Figure 19. Catch rates by all vessels in the model 
varied by less than a factor of 4. Ling catch increases approximately linearly with tow duration, and 
catch rates are about 40% higher at midday than midnight. There was only a small variation in catch 
rates between statistical areas. Ling catch peaks at a depth of about 300 m. 

The standardised year effects (Table 6, Figure 19) indicate a series of relatively constant indices from 
1990 to about 1998, followed by an increasing trend since then. The individual indices have very 
nanow confidence bounds. 

4. DISCUSSION 

4.1 Ling target longline fishery series 

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, Horn & Durn 
2003). They are the only relative abundance series available for LIN 6B, but are used in conjunction 
with indices from kawl survey series for LIN 3&4 and LIN 5&6. Although the line fisheries in 
LIN 5&6 account for only about a quarter of the total ling catch from that stock, the resulting CPUE 
series is still believed to be a good abundance index because it is based on a large volume of data 
from a consistent fishery. 

The removal from the analysis of sets that reportedly targeted ling but caught none is not believed to 
have caused any bias. Some sets with zero catch were clearly reporting errors, and others were from 
vessels strongly believed to be mgeting species other than ling. Because of the relatively high number 
of hooks fished in any set, a zero catch of ling in any set that is genuinely targeting ling is likely to 
result either from some gear malfunction or from exploratory fishing. The removal of such data points 
from the analysis will not bias the index of relative abundance of ling on known fishing grounds. 

Horn (20Ma) showed that the ling longline CPUE series appeared to perfom well in relation to the 
four discussion points raised by Dunn et al. (2000) (see Section 2.5), and so were probably reasonable 
indices of abundance (for that part of the population targeted by the line fishery). 

As would be expected, the ken& in the indices for the various stocks have not changed markedly 
between the previous (Horn 2002c) and current analyses. 

Because the five longline 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 
a l l  the analyses, log(hookno), vessel, and month were selected into the' model. With the CPUE unit 
being ''kg per day", it would be expected that the number of hooks set per day would be a very 
influential variable. This is certainly the case for LIN 3&4, LIN 5&6, and LIN 6B, where log(hooho) 
is the most influential variable, accounting for the largest proportion of the explained variance. Skill 
levels andlor gear efficiency will vary between vessels, and it is also apparent that the reported 
estimated catch per set is processed weight for some vessels and greenweight for others. Consequently 
the selection of a vessel 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 mas vary throughout the 
year, probably in relation to the spawning season for ling. Hence, month becomes & important 



explanatory variable. An areal effect on catch rates is also indicated, as statistical area was selected 
into the models for LlN 5&6 and LLN 7WC. 

It is apparent from Figure 2 that, under the threshold defining the minimum number of data points a 
vessel must provide before it is included in the analysis, many vessels were providing only a small 
proportion of the data. Because of their more limited involvement in and lmowledge of the fishery, it 
could be assumed that the data from them were less likely' to produce accurate relative abundance 
indices. As noted above, the threshold for vessels in the LIN 3&4 fishery was raised to reduce this 
problem. To test the influence on the CPUE series of vessels with relatively low levels of fishing 
history, the analyses from the Campbell, Bounty, and WCSI longline fisheries were repeated after 
doubling the size of the data thresholds, i.e., data h m  a vessel were included only if the number of 
records from that vessel was more than 100 in 5 years. Although this change approximately halved the 
number of vessels contributing data to the final analyses, changes to the abundance indices were very 
slight (Table 9). Hence, there is no apparent need to change the data point thresholds currently in use. 

It is possible that experienced fishers in a target fshery may be able to maintain their catch rates (or at 
least reduce the rate of their decline) despite real declines in abundance. This may result in a bias in 
any CPUE series concentrating on "core" vessels, with the series being held at an artificially high 
level. However, leaming by fishers is a factor that would be very dficult to incorporate into any 
analysis. 

The longline CPUE series for each stock is calculated using data fiom all months and areas. However, 
the assessment of LIN 5&6 splits the longline fishery into two seasons (spawning and non-spawning) 
because of maxked seasonal differences in selectivity between sexes (Horn & Dunn 2003). Given this 
situation, it would be ideal to create two CPUE series for LIN 5&6 longline, i.e., one each for the 
spawning and non-spawning fisheries. However, the creation of a spawning fuhery series was 
compromised by the fishing patterns of the vessels involved. Of the eight vessels contributing data to 
a spawning fishery series, three had fished only in 1998 or before, and another three had fished only 
in 1999 or later. Consequently, it was not possible to create a single continuous s& from 1991 to 
2002. A series could be calculated for the non-spawning fishery only (i.e., JanuarySeptember), and 
the trends in it were found to be very similar to those of the series using both spawning and non- 
spawning data (Table 9). Hence, the combined-season series (shown in Table 5) is considered to be 
the best available, as it maximises the amount of data used to calculate the CPUE. 

Arguments supporting the validity of the longline CPUE series as  indices of relative abydance for 
LIN 3&4, LlN 5&6, LIN 6B, and LIN 7WC have been presented previously worn 20Ma). These 
series are all from relatively major fisheries where ling is clearly the target species. However, the line 
fishery CPUE series for LIN 7WC exhibits a recent increasing trend that is contradictory to the 
consistent decreasing trend in a trawl fishery ser ieshm the same stock. [See below for further details 
of the trawl CPUE series.] The series are not compatible in stock assessment models; catch-at-age 
data from the trawl fishery are consistent with a fishing down of the stock (author's unpublished 
results). It is considered likely that one of the series (probably the line series) is not providing a good 
index of ling abundance. This line fishery comprises mainly small vessels fishing off an exposed 
coast, so levels of fishing effort and fishing success may be markedly influenced by weather. 
Currently, SO1 is the only environmental variable offered in the analysis. Additional variables, 
probably incorporating frequencies of wind direction and strength, may enhance the analysis. 

The CPUE series from the Cook Strait (LIN 7CK) ling line fishery was considered likely to provide 
reasonable indices of abundance from 1990 to 1996, years each with more than 80 days fished (Horn 
2003). EffM in 2002 also exceeded that level, but ranged between 16 and 55 days per year from 1997 
to 2001. The lack of precision in the indices from the years with few data is reflected in the relatively 
high c.v.s for these points (see Table 5). The Cook Strait line CPUE series may be biased owing to the 
existence of target line fisheries for other species, i.e., bluenose and hapuku. Ling is often taken as a 
bycatch in these fisheries, and the distributions of the three species (ling, bluenose, and hapuku) 
ceaainly overlap in depth and area. The CPUE analysis uses only data where ling was the stated target 



species. If it is general practice to define the reported target species as the most abundant species once 
the catch is onboard, then any real decline in ling abundance would be underestimated in the CPUE 
series (because only sets where ling was the most abundant species would be included in the analysis). 
However, fishing practices and areas differ when targeting each of the three species, so the reported 
target is often likely to be the true target. The more than doubling of biomass since 1999, as indicated 
by the CPUE point estimates, is unlikely to have been achieved through growth and recruitment. SO 
unless the population has been greatly enhanced by migration from other areas, the series is not 
biologically logical. In summary, this CPUE series is handicapped by having low levels of effort in 
five consecutive years, and the recent trends are biologically impractical. Hence, it is probably not a 
reasonable abundance series for ling exploited by the target line fishery. 

The CPUE analyses presented here for all stocks except LIN 7CK (and possibly LIN 7WC) 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 (excluding LJN7CK) will be included as inputs in future 
assessments of ling around the South Island. 

4.2 Trawl fishery ling bycatch series 

This document updates a CPUE series for ling bycatch in the target trawl fishery for hoki in C6ok 
Strait, and presents, for the first time, series calculated for ling bycatch in hob trawl fisheries off 
WCSI and on the Chatham Rise. 

The Cook Stmit series, 6rst presented by Horn (2003), was the only relative abundance series used in 
a preliminary assessment of the ling stockin that area (Horn & DUM 2003). The Cook Strait hoki 
haw1 fishery takes ling as a significant (and generally the most abundant) bycatch species, so it is 
expected that ling would be consistently reported on the TCEPR forms. Reported ling catch tends to 
be about 50-200 kg per tow, and has averaged about 6% of the total w&sh landings over the years 
analysed (but with a steadily declining trend throughout this period). Catches of this magnitude are 
unlikely to cause vessel skippers to attempt to either avoid or target ling, and so CPUE based on these 
catches might provide a very reliable index of abundance of ling vulnerable to trawl in this area. 
Although the small catches of ling in relatively large catches of hoki may make it difficult for skippers 
to estimate the ling weight, most of the vessels involved in this fishery bin the catch up at sea and use 
bin counts per species to derive the estimated green weight per tow. There are no known changes in 
fishing practice over time that may have influenced ling catch rates. Trends in separate analyses of 
midwater trawl data only and bonom trawl data only were similar to those in the "all data" analysis 
(Horn 2003); the "all data" aualysis was updated here. It is therefore considered likely that, unless 
there have been consistent changes over time in the way skippers estimate or report the ling bycatch, 
changes in ling CPUE in the hoki trawl fishery reflect changes in ling abundance. 

The WCSI hoki trawl fishery is similar to the Cook Strait fishery in that it takes ling as a significant 
bycatch species, so it is expected that ling would be consistently reported on the TCEPR forms. Catch 
is taken in both bottom and midwater trawls. Reported ling catch tends to be about 100-500 kg per 
tow, and has averaged about 7% of the total commercial wetfish landings over the years analysed. 
However, because the LIN 7 TACC has been consistently over-run since 1988 ( h a l a  et al. 2003) 
there has been a strong incentive to under-report the actual amount of ling caught. This was achieved 
by a variety of means (e.g., dumping, mealing, reporting LIN 7 catches as coming from other QMAs). 
However, it is considered likely that reported landings of ling from the WCSI hoki fishery are 
relatively accurate since 1994. If this is true, CPUE based on these catches might provide a reliable 
index of ling abundance. There has been a recent change in fishing practice that may have infiuenced 
ling catch rates. Since about 2000, some of the vessels bottom trawling have fished with a "twin rig". 
This gear configuration has a much greater door spread and ground rope length than a single bonom 
trawl. As noted above, wing spread or door spread could not be included as explanatory variables in 
the CPUE model because of inconsistent reporting. Clearly, catch rates of ling per hour towed are 



likely to increase when using this gear. However, the fishery is still dominated by midwater trawling 
(see Table 6), and it is likely that less than 30% of the bottom tows since 2000 used the twin rig. (A 
CPUE analysis based only on midwater trawls produced a series almost identical to the "both 
methods" analysis. The midwater haw1 series would have had no bias attributable to twin rig fishing.) 
It is therefore considered likely that, unless there have been consistent changes over time in the way 
sloppers estimate or report the ling bycatch, changes in ling CPUE in the hoki trawl fishery reflect 
changes in abundance of ling vulnerable to trawl in this area 

The trawl fishery for hob on the Chatham Rise is quite different from those in Cook Strait and off 
WCSI. It is predominantly a bottom trawl fishery; only about 10% of tows targeting hoki used 
midwater trawls, and these were excluded from the analysis. Ling is certainly a significant bycatch 
species in this fishery, so it is expected that it would be consistently reported on the TCEPR forms. 
Two relative abundance series for ling on the Chatham Rise were already available, i.e., biomass from 
bawl surveys conducted annually since 1992, and longline CPUE since 1990. Although these series 
have quite different overall trends, they are considered to be relatively reliable abundance indices for 
those parts of the population they select It was hypothesised that a trawl fishery CPUE series should 
exhibit a trend more like the trawl survey index (i.e., relatively flat) than the longline index (i.e., 
declining). The calculated trawl CPUE series was relatively flat between 1990 and 1998, but then 
increased steadily (and markedly) to 2002. It is likely that this CPUE series has been influenced by 
changes in fishing practice. Fishing behaviour was relatively constant throughout the 1990s. However, 
two major changes have occurred in recent years. Fit, from about 1999, most of the trawlers in the 
fleet attempted to reduce their catch of small hoki by avoiding areas where small fish tended to 
dominate the hoki population and by shifting to other areas if the landed catch comprised too many 
smaU fish. It is apparent from data collected during the trawl surveys (Figure 20) that there is a weak, 
but positive, relationship between mean hoki length in the catch and both total ling catch and ling 
catch as a proportion of hoki catch. Hence, avoidance of small hoki would probably have increased 
the catch rate of ling. Second, from about 2000, about 30% of the trawl fleet has fished with a "Win 
rig", which would have increased the catch rates of ling. Therefore, it is likely that the calculated 
CPUE series for trawl-caught ling could be a relatively accurate index of abundance from 1990 to 
1998, but that changes in fishing practice since then have biased the indices in ways that would be 
difficult to standardise. 

It should be noted that these trawl (JPUE analyses did not include any tows where hoki were caught, 
but ling were not. The catch of ling per tow in the Cook Strait and WCSI hoki fisheries generally 
ranges between 50 and 500 kg. While ling remains a relatively abundant bycatch in the hoki fishery, 
tows with zero Iing catch will be rare, so any bias resulting h m  their removal will be slight. 
However, should the relative abundance of ling decline to low levels, the exclusion of zero catches 
will have the effect of maintaining the CPUE at an artificially high level. 

4.3 Comparison of relative abundance series 

For three stocks (Cook Strait, WCSI, and Chatham Rise), CPUE series h m  both the line and trawl 
fisheries are available, and are plotted for comparison in Figure 21. As noted previously, the pairs of 
indices from an individual stock would not necessarily be expected to exhibit similar trends, owing to 
different fishing selectivities in the trawl and longline fisheries. Where comparable catch-at-length 
data are available, smaller fish are more heavily selected by trawl, compared to line, fisheries &lorn 
2002b). Hence, if biomass available to the fishery is increased by the r&knent of young fish, it 
would be expected that such an increase would be observed in trawl CPUE before line CPUE. This is 
not observed in the Cook Strait and WCSI stocks; an apparent recent increase in the biomass available 
to the line fishery was not first observed as an increase in trawl CPUE (see Figure 21). However, the 
selectivity ogives for the Cook Strait and WCSI line fisheries are &own as no length-frequency 
data are available from either of these. Also, the mean sizes of ling taken by the trawl fisheries in 
Cook Skait and WCSI are greater than the mean size taken by trawl on Chatham Rise, so the trawl 
fisheries may not strongly select smaller ling than the line fisheries in these areas. Nevertheless, based 



on current perceptions of the differences between trawl and line selectivity, the differences between 
the pairs of CPUE series from Cook Strait and WCSI are difficult to interpret, and give rise to doubts 
about the reliabiity of one of each of these pairs. 

Both the Cook Strait CPUE series exhibit similar overall trends of a decline followed by a recovery; 
the decline is more apparent in the trawl series, while the lecovery dominates the line series (Figure 
21). The line series is disadvantaged by having few participants, very low data volumes in some years, 
and the potential for some bias as a result of being able to determine the target species after the catch 
is landed. The four most recent points have very wide confidence intervals. The trawl series is based 
on extensive data from a fishery that has changed little throughout the time series, but is reliant on 
consistent and relatively accurate reporting of a bycatch species. There are no fishery-independent 
data available to validate either of the Cook Strait CPUE series, but the trawl series is believed to be 
the more reliable of the two. The Cook Strait line series is certainly believed to be unreliable; the 
recent increases in CPUE are not related to fleet changes and are biologically improbable. 

The WCSI CPUE series exhibit opposing trends from 1996 to 2002, the trawl series steadily declines, 
and the line series steadily increases 21). Both series are based on large volumes of data, and 
the vessels included in the analyses generally have a long history in the respective fisheries. There is 
some potential for the longline series to be biased as a result of being able to determine the target 
species after the catch is landed. However, line fisheries targeting other species (i.e., bluenose, 
hapuku, and bass) in this area tend to occur on grounds different to those when targeting ling, so when 
ling is reported as the target it is likely to be accurate. As noted previously, fishing effort and success 
in this fishery could be strongly influenced by weather conditions, and variables to explain this have 
not been included in the analysis. There is some potential (and incentive) for the ling taken as a trawl 
bycatch to be inaccurately recorded. Inaccurate reporting is known to have occurred at least before 
1994. However, the presented trawl series is very smooth, so is indicative of some gradual and 
consistent change either in available ling biomass or in fleet reporting behaviour. It is difficult to 
imagine that the fleet would gradually and consistently increase the proportion of unreported ling over 
an 8-year period. There are no fishery-independent data available to validate either of the WCSI 
CPUE series, but the trawl series is considered more likely to be a reliable index of abundance. 

Differences in the three sets of indices from the Chatham Rise are more straightforward to justify. The 
longline fishery has fished down a large biomass of relatively large ling, with a consequent reduction 
in CPUE. This trend apparent h m  the fishery information is also supported by the reduction, over 
time, in the percentage of large h h  taken during the annual trawl survey. However, the reduction in 
large fish biomass has been offset by relatively strong recruitment that is sampled by the survey, 
leading to a relatively flat series of survey biomass indices (J?igure 21). The commercial trawl CPUE 
for ling also exhibits a relatively flat series up to about 1998, but then trends upwards and away from 
the survey indices. As noted above, changes in fishing practice (i.e., avoidance of small hoki, and the 
use of "twin rig" trawls) since about 1999 are almost certainly responsible for the increasing trawl 
CPUE. Hence, the longline CPUE series, the trawl survey biomass series, and the commercial trawl 
CPUE up to 1998, are all believed to be reasonable abundance indices of those parts of the ling 
population they sample. 

In summary, it appears likely that CPUE derived for a bycatch species in a target trawl fishery can be 
a useful index of abundance, given the following conditions. 

The bycatch species weight per tow must be relatively accurately estimated. 
There must be no incentive either to misreport or dump the bycatch species. 
There must be no incentive either to avoid or target the bycatch species. 
Fishing practice and fleet behaviour must be relatively constant throughout the time series. 

These conditions have probably been met in the Cook Strait fishe~y, and in the Chatharn Risefishery 
up to 1998. They may not have been met for the WCSI fishery. 
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Table 1: Summary of the variables offered in the CPUE models for the trawl and line fisheries. 

Variable Type 

Year 
Month 
Statistical m a  
Vessel 
Day of year 
SO1 
Length 
Breadth 
Draught 
LBD 
Power 
Tonnage 

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

Line fisheries 
Method Categorical 
Hookno Continuous 
Log(hookno) Continuous 
CPUE Continuous 

Trawl fisheries 
Method 
Headlineht 
Duration 
Starttime 
Midtime 
Depbmn 
Depgndrp 
Speed 
Latitude 
CPUE 

Categorical 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Categorical 
Continuous 

Description 

Calendar year 
Month of year 
Statistical area for the set 
Unique vessel identifier 
Julian day, starting at 1 on 1 January 
Southern Oscillation Index, 3-month running mean 
Ovetall length of the vessel, in me- 
Breadth of the vessel, in metres 
Draught of the vessel, in metres 
Vessel length x breadth x draft 
Power of the vessel engine, in kilowatts 
Gmss registered tonnage of the vessel, in tonnes 

Fishing method (bottom longline, trot line, dahn l ie)  
Number of hooks set per day in a statistical area 
Logarithm of variable Hookno 
Ling catch (kg) per day in a statistical area 

Trawl method (bottom trawl, midwater trawl on bottom, midwater trawl) 
Distance between trawl headline and gtoundmpe (m) 
Tow duration, in hours 
Start time of tow, 24-hour clock 
T i e  at the midpoint of the tow, 24-hour clock 
Bottom depth (m) 
Depth of groundrope (m) 
Towing speed (kts) 
Latitude in 0.5" b i s  (WCSI fishery only) 
Ling catch (kg) per tow 

Table 2: Summary of records of days fished (Days) by statistical area (Statarea) used in the analyses of 
the target ling longline fisheries in each Ling stock. 

. . 
Chatham 

1990-2002 
Statarea Days 

18 1 644 
19 49 
20 1 677 
21 503 
22 38 
23 225 
24 48 

401 1082 
402 803 
403 444 
404 997 
405 73 
407 323 
408 330 
409 210 
410 1038 
49 327 
50 58 
5 1 44 
52 411 

W b e U  Bounty WCSI Cook Strait 
1991-20D2 1992-2002 1990-2CO2 1990-2CO2 

Statarea Days , Statarea Days Statarea Days Statarea Days 

30 1314 . 607 560 32 949 16 1007 
602 344 608 870 33 2731 17 71 
603 323 34 3190 
604 322 
605 186' 
610 662 
611 1.30 
618 792 
619 596 



Table 3: Summary of data (by calendar year) used in the final standardised longline CPUE analysis for eaeh stock. Days, number of individual records of days 
fshed; Catch, estimated catch (t)  from the accepted records; Vessels, number of vesseIs contributing to the accepted records. The total in the "Vessels" column 
indicates the number of unique vessels contributing to the accepted records throughout the t h e  series. 

Chatham Rise Campbell Plateau Bounty Plateau WCSI Cook Strait 
(LIN 3&4) &IN 5&61 L I N  6B1 (LIN 7WC) U N  7CIQ 

Year Days Catch Vessels Days Catch Vessels Days Catch Vessels Days Catch Vessels Days Catch Vessels 

1990 233 197 4 - - - - - - 292 235 9 99 44 8 
1991 719 1719 11 116 465 2 - - - 438 450 12 95 41 10 
1992 691 2 932 11 245 1077 3 171 1035 4 655 769 13 135 74 9 
I993 810 3 250 13 280 1 162 5 221 1231 5 446 616 10 164 65 10 
i994 1010 3 853 13 344 1418 5 137 662 4 524 757 11 172 34 9 
1995 991 4493 10 339 1809 5 62 343 3 550 786 11 99 27 9 
1996 916 3915 12 362 1 903 6 91 458 2 663 858 12 82 30 6 
1997 1 140 3 275 11 649 3 199 6 62 256 3 678 985 11 34 12 5 
1998 742 2 409 11 692 3015 7 68 465 1 613 990 9 55 20 2 
1999 911 2379 12 654 2 689 6 99 654 3 525 756 10 19 16 2 
2000 764 2310 11 458 2190 4 171 1088 3 512 689 10 21 7 2 
2001 685 2416 9 307 1695 6 192 936 3 524 774 10 16 4 3 
2002 712 1946 7 223 1276 6 156 692 3 450 607 9 87 69 3 

Total 10 324 35 094 25 4669 21 898 12 1430 7 820 7 6 870 9272 20 1078 443 16 



Table 4: Standardised CPUE models for the target ling line fisheries from the five stocks, 
showing the percentages of residual deviance explained as each new variable was added. 

Step Variable 96 deviance 

Chatham Rise &IN 3&4) 
Year 

1 logfiookno) 
2 Vessel 
3 Month 

Campbell Plateau (LIN 5&6) 
Year 

1 logfiookno) 
2 Statarea 
3 Vessel 
4 Statarea:log(hookno) 
5 Month 
6 Statarea:Month 
7 1ogfiookno):Month 

Bonntg Plateau &IN 6B) 
Year 

1 log0lookno) 
2 Vessel 
3 Month 
4 Month:logfiookno) 

West Coast South Island &IN 7WC) 
Year 

1 Vessel 
2 Month 
3 logfiookno) 
4 Statatea 
5 StatarezMonth 
6 log(hookno):Montb 
7 log@ookno):Statarea 

Cook Strait (LJN 7 0  
Year 

1 Vessel 
2 log@ookno) 
3 Month 
8 Month:log(hookno) 



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

Year 

1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 

1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 

1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 

Unstd Std 95% CI C.V. Unstd Std 95% CI C.V. 

Chatham Rise &IN 3&4) 
0.21 1.58 1.36-1.85 0.08 - - - - 

Bountv Plateau (LIN 6B1 - - - 
- - - 

1.68 1.32-2.15 0.12 
1.48 1.22-1.80 0.10 
1.01 0.79-1.30 0.13 
1.07 0.83-1.37 0.13 
0.98 0.78-1.22 0.11 
0.80 0.62-1.03 0.13 
0.99 0.77-1.26 0.12 
1.01 0.81-1.26 0.11 
0.91 0.74-1.10 0.10 
0.77 0.62-0.94 0.10 
0.69 0.56-0.84 0.10 

Cook Strait (LIN 7CK1 
1.24 0.73 0.52-1.M) 0.16 

WCSI (LIN 7WC) 
0.63 0.97 0.85-1.11 0.07 
0.79 1.18 1.06-1.32 0.06 
0.90 1.16 1.06-1.28 0.05 
1.03 0.93 0.84-1.04 0.05 
1.06 0.97 0.88-1.06 0.05 
1.06 0.99 0.91-1.08 0.04 
0.93 0.77 0.71-0.84 0.04 
1.03 0.86 0.79-0.94 0.04 
1.29 0.97 0.88-1.06 0.05 
1.15 0.99 0.90-1.09 0.05 
1.11 1.01 0.92-1.10 0.05 
1.20 1.15 1.05-1.26 0.05 
1.02 1.12 0 2 - 1  0.05 



Table 6: Summary of data used in the final CPUE analyses of ling catch in the target trawl 
fisheries for hold, and the unstandanlised (Unstd) and standardised (Std, with 95% confidence 
intervals and &v.s) year effects for those fisheries. Tows, number of individual tows recorded; 
Catch, estimated catch (t) from the accepted records; Vessel nos., number of vessels contributing 
to the accepted records. The total in the 'Vessel nos." column indicates the number of unique 
vessels contributing to the accepted records throughout the time series. Method: BT, bottom 
trawl; MWB, midwater trawl on the bottom; MWM, midwater trawl in midwater. Only bottom 
trawl data were used in the Chatham Rise analysis. 

Cook Strait hoki trawl fishery 
Year Tows Catch Vessel 

(t) nos. 

1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
Total 

WCSI hoki trawl fishery 
Year Tows Catch Vessel 

(t) nos. 

1994 645 268 
1995 980 605 
1996 1357 647 
1997 , 1'194 527 
1998 1851 763 
1999 2361 1087 
2000 2564 1026 
2001 3 036 1 156 
2002 3 055 1214 
Total 17 043 7 293 

Chatham Rise hold trawl fishery 
Year Tows Catch Vessel 

(0 
1990 1188 391 
1991 1563 386 
1992 3 040 824 
1993 3 143 708 
1994 1983 532 
1995 2 657 575 
1996 3 599 762 
1997 4987 997 
1998 6 126 1349 
1999 6 570 1447 
2000 5 146 1165 
2001 5369 1224 
2002 5 885 1637 
Total 51 256 11 997 

nos. 

8 
12 
12 
13 
12 
12 
13 
18 
19 
18 
15 
19 
17 
31 

Method 
BT MWB MWM 

Method 
BT MWB .MWM 

CPUE &dices 
Unstd Std 95% CI C.V. 

CPUE indices 
Unstd Std 95% CI C.V. 

CPUE indices 
Unstd Std 95% CI C.V. 



Table 7: Summarg of records of days Bshed (Days) by statistical area (Statarea) used in the 
analyses of the ling bycatch in the target hoki trawl fisheries. 

Cook Strait WCSI Chatham 
1990-2002 1994-2002 1!990-2002 

Statarea Days Statarea Days Statarea Days 

Table 8: Standacdised CPUE models for the trawl fisheries from three stocks, showing the 
percentages of residual deviance explained as each new variable was added. 

Step Variable 

Cook Strait &IN 7CK) 
Year 

1 Vessel 
2 Duration 
3 Headlineht 
4 Month 
5 Durati0n:Headlineht 
6 Month:Headlincht 
7 MontbDuration 

WCSI &IN 7WC) 
Year 

1 Vessel 
2 Headlineht 
3 Depsndrope 
4 Duration 
5 Latitude 
6 Head1ineht:Latitude 
7 Month 
8 MontkHeadlineht 
9 Midtime 

Chatham Rise &IN 3&4) 
Year 

1 Vessel 
2 Duration 
3 Midtime 
4 Statarea 
5 Depbttm 

% deviance 



Table 9: Standardised year effects for the Campbell, Bounty, and WCSI ling longline fsheries 
calculated where the number of data points from an individual vessel was A) greater than 50 in 5 
years, and B) greater than 100 in 5 gears. m e  values from option A) are as presented in Table 
5.1 A standardised series is also presented for the Campbell stock using non-spawning season 
(JanuarySeptember) data only. "Vessels" indicates the number of unique vessels contributing to 
the accepted records thmu@out the time series. 

Year 

1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 

Vessels 

Bounty 
B 

WCSI 
A B 

0.97 1.05 
1.18 1.11 
1.16 1.14 
0.93 0.87 
0.97 0.90 
0.99 1.07 
0.77 0.84 
0.86 0.83 
0.97 0.96 
0.99 1.00 
1.01 1.00 
1.15 1.23 
1.12 1.10 

20 15 

Campbell 
non-spawn 

- 
1.03 
1.05 
1.21 
0.84 
1.15 
1.04 
1.22 
1.05 
0.77 
0.85 
0.94 
0.97 

10 



Figure 1: Map of the New Zealand EEZ with statistical areas (numbers from 001 to Sol), 
showing how they were grouped (thick lines) to constroct the five stock areas used in this 
analysis. The 1000 m isobath is also plotted. Admiaistrative ling Fishstock areas are shown on the 
inset 
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Fiyre  2: Fishing effort (where circle area is proportional to number of days fished) by year lor 
individual vessels included in the 5nal longline CPUE analyses for the flve s tock 
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Figure 3: Diagnostic plots for the CPUE model of the Chatham Rise &IN 3&4) Ling line fishery. 

Figure 4: Expected variable effects for variables selected hto the CPUE model for the Chatham 
Rise (LIN 3&4) ling line fisherg. "Expected non-zero catch rate'' is kg per day in this fishery. 
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Figure 5: Comparison of CPUE series calculated for the LIN 3&4 longline faery  using all years 
combined, with series calculated from 1990 to 1997, and 1997 to 2002. Error ban indicate 95% 
confidence intewds. 
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Figure 6: Diagnostic plots for the CPUE model of the Campbell Plateau (LIN 5&6) ling line 
fishery. 



Figure 7: Expected variable effects for variables selected into the CPUE model for the Campbell 
Plateau &IN 5&6) ling line fishery. "Expeceeted nowzero catch rate" is kg per day in this fishery. 
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Figure 8: Diagnostic plots for the CPUE model of the Bounty Plateau (LlN 6B) ling Line fishery. 

Figure 9: Expected variable effects for variables selected into the CPUE model for the Bounty 
Plateau (LIN 6B) ling line fishery. 'CExpected non-zero catch rate" is kg per day in this fishery. 
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Figure 10: Diagnostic plots for the CPUE model of the WCSI &IN 7WC) Ling line fishery. 



Figure 11: Expected variable effects for variables selected into the CPUE model for the WCSI 
(LJN 7WC) ling line fishery. '%xpected non-zero catch rate" is kg per day in this fishery. 
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Figure 12: Diagnostic plots for the CPUE model of the Cook Strait 7CIC) ling Line fishery. 

Figure 13: Expected variable effects for variables selected into the CPUE model for the Cook 
Strait &IN 7CK) ling line &hey. "Jhpected non-zero catch rate" is kg per day in this fishery. 
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Figure 14: Fishing effort (where circle area is proportional to number of days fkhed) by year for individual vessels included in the final trawl CPUE analyses. 
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Figure 15: Diagnostic plots for the CPUE model of the Cook Strait &IN 7CK) hoki trawl fishery. 

Figure 16: Expected variable effects for variables selected into the CPUE model for the Cook 
Strait &IN 7CK) hoki trawlfishery. "Expected non-zero catch rate" is kg per tow in this fishery. 
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Figure 17: Diagnostic plots for the CPUE model of the WCSI &IN 7WC) hoki trawl fishery. 



Figure 18: Expected variable effects for variables selected into the CPUE model for the WCSI 
&IN 7WC) hoki trawl fishery. "Expected non-zero catch rate" is kg per tow in this fishery. 



Figure 19: Expected variable effects for variables seleeted into the CPUE model for the Chatham 
Rise (LIN 3&4) hold trawl fishery. "Expected non-zero catch rate" is kg per tow in this fishery. 
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Figure 20:  elations ship between mean length of hoki in a research trawl tow, and both total 
catch of ling in the tow and the catch of ling as a proportion of the hoki catch from that tow. Data 
are from all research tows conducted annually in January fmm 1992 to 2003, where hold catch 
was greater than 500 kg. Linear regressions to the plotted points are also presented. 

F i e  21: CPUE indices (with 95% confidence bounds) for stocks where both line and trawl 
series were calculated. The values in each series are scaled to average 1. The Chatham Rise trawl 
survey biomass indices are also presented, scaled to average 1 across the series. 


