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EXECUTIVE SUMMARY 

Langley, A.D. (2001). The analysis of ELE 3 catch and effort data from the RCO 3 target 
trawl f~shery, 1989-90 to 1999-2000. 

New Zealand Fisheries Assessment Report 2001/66. 33 p. 

In recent years, the annual catch of ELE 3 increased from 400-500 t in the early 1990s to about 
900 t between 1997-98 and 1999-2000. During this period, the annual catches consistently 
exceeded the TACC for ELE 3. Most of the increase in catch has been attributed to an increase in 
the bycatch of elephantfish from the target red cod (RCO 3) trawl fishery operating in Pegasus 
Bay and Canterbury Bight. The ELE 3 bycatch is principally taken during the October to March 
period. Between 1989-90 and 1999-2000, there has been an increase in the proportion of red cod 
fishing trips landing ELE 3 and a general increase in the magnitude of the bycatch landed by 
vessels in the fishery. 

A standardised CPUE analysis of the elephantfish catch and effort data from the RCO 3 target 
bottom trawl fishery was undertaken. The analysis was restricted to a core group of vessels that 
had operated in the fishery for at least three years from 1989-90 to 1999-2000, although many of 
the vessels had participated in the fishery for a considerably longer period. The CPUE analysis 
was based on the landed catch of elephantfish fiom all target red cod fishing trips within Pegasus 
Bay and Canterbury Bight during October to March. The landed catch was used in the analysis to 
avoid the introduction of potential biases due to problems associated with the reliable recording 
of the catch of bycatch species under the current statutory reporting regime. Information 
concerning the corresponding fishing effort was also aggregated for each qualifying fishing trip. 

Three options were investigated to model the ELE 3 CPUE from the target RCO 3 fishery. The 
logarithm of the landed catch of elephantfish was modelled with the inclusion (loglinear all) and 
exclusion (loglinear non zero) of trips with no catch of elephantfish and the presencdabsence of 
elephantfish in the landed catch from a trip was also modelled (binomial). For each model, the 
variation in the landed catch of elephantfish or the presence of elephantfish in the catch was 
explained by the individual vessel, the number of trawls conducted, the red cod catch from the 
trip, and the fishing year. Model options were reviewed with respect to the diagnostics of the 
model fit and the magnitude of the variation between the annual CPUE indices. The preferred 
CPUE index indicated that standardised catch rates of elephantfish had increased by about 70% 
fiom the early 1990s. The CPUE index will assist in the ongoing monitoring of the ELE 3 fishery 
under the Adaptive Management Programme. 



1. INTRODUCTION 

Elephantfish is an important bycatch of the inshore trawl and set net fisheries operating within 
Canterbury Bight and Pegasus Bay (QMA 3) (Figure 1). A small target set net fishery also 
operates in the same area (Raj & Voller 1999). 

In 1986, the initial TACC for the Elephantfish 3 Fishstock (ELE 3) was established at 280 t. 
Before the introduction of the QMS, it was considered that the ELE 3 stock had been 
subjected to heavy fishing pressure and the TACC was set at a low level to allow for stock 
rebuilding (Annala et al. 2001). The TACC was subsequently increased incrementally 
between 1986-87 and 1993-94 to 424 t. However, ELE 3 catches exceeded the TACC 
throughout this period, with annual catches between 400-500 t (Annala et al. 2001). 

Since 1993-94, there has been a steady increase in the level of ELE 3 catch and the TACC 
was further increased to 500 t in 1995-96. However, landings continued to exceed the TACC 
by 38% in 1995-95,47% in 1996-97, and 82% in 1997-98. Annual catches were about 900 t 
between 1997-98 and 1999-2000 (Annala et al. 2001). 

Most of the recent increase in catch from the ELE 3 fishery has been bycatch of the RCO 3 
trawl fishery (Raj & Voller 1999). From 1989-90 to 1997-98, the level of elephantfish 
bycatch fTom the RCO 3 fishery increased fiom about 50 t to 300 t (Figure 2). There was also 
a steady increase in the level of ELE 3 bycatch from the flatfish (FLA 3) trawl fishery, with 
catches increasing fiom about 50 t in 1994-95 to 150 t in 1997-98 (Figure 2). 

This report investigates trends in the level of ELE 3 bycatch from the red cod (RCO 3) target 
trawl fishery for the period 1989-90 to 1999-2000. The report is restricted to this sector of 
the ELE 3 fishery for two reasons: (1) The RCO 3 fishery has accounted for the largest 
proportion of the total ELE 3 catch in recent years, and (2) The RCO 3 fishery has accounted 
for most of the increase in the totd catch fiom the ELE 3 fishery over the period. 

For the 2000-2001 fishing year, the ELE 3 fishery was included in the Adaptive Management 
Programme and the TACC was increased to 825 t. The objective of the report is to determine 
a standardised CPUE index for ELE 3 fkom the bycatch of the RCO 3 fishery. The 
development of such an index would enable trends in the relative abundance of ELE 3 to be 
monitored under the cment Adaptive Management Programme. 

2. DATA ANALYSIS 

2.1 Data set 

Most of ELE 3 catch fiom the target RCO 3 fishery is taken within statistical areas 020 and 
022 during the November-February period (Raj & Voller 1999). Between 198940 and 
1997-98, the fishery operating in statistical areas 020 and 022 between October and March 
accounted for about 65-75% of the annual elephantfish bycatch from the RCO 3 trawl fishery 
(Raj & Voller 1999). 

An extract of catch and effort data fiom the RCO 3 trawl fishery was provided by the 
Ministry of Fisheries Information Management Group. The extract included all records from 
individual fishing trips by domestic registered vessels where at least one trawl was conducted 



targeting red cod within either statistical area 020 or 022 during the 1989-90 to 1999-2000 
fishing years. The extract was restricted to fishing trips within the October to March period. 

Data were extracted from both the TCEPR and CELR formats and included the landed catch 
of ELE 3 and RCO 3 from the corresponding fishing trips. The following data variables were 
extracted fiom each data format. 

CELR data 
CELR effort. Trip key, vessel key, overall length of vessel, year vessel built, power, gear 
method, target species, statistical area, fishing date, effort number (number of trawls), fishing 
duration, estimated ELE catch, and estimated RCO catch. 
CELR landing. Trip key, vessel key, trip start date, trip end date, landing date, fishstock code, 
destination type, and greenweight (kg). 

TCEPR data 
TCEPR effort. Trip key, vessel key, overall length of vessel, year vessel built, power, gear 
method, target species, statistical area, start latitude, start longitude, effort depth, bottom 
depth, fishing start date, fishing start time, fishing end date; fishing end time, estimated ELE 
catch, and estimated RCO catch. 
CLR landing. Trip key, vessel key, trip start date, trip end date, landing date, fishstock code, 
destination type, and greenweight (kg). 

The initial data set was further restricted to those fishing trips that exclusively targeted red 
cod by bottom trawl for the entire duration of the trip. For the CELR data set, 8669 trips of 
the initial 9345 trips exclusively targeted red cod, while 1012 trips of the 1462 individual trips 
in the TCEPR data set met this criterion. 

For the fishing trips exclusively targeting RCO 3, all catch and effort data fiom the trip were 
aggregated. Data from each trip were sumrnarised to determine the fishing year and month of 
the first day of the trip, the trip duration (number of days), and the number of trawls 
completed during the trip. The total estimated elephantfish catch, the total estimated red cod 
catch, the total landed ELE 3 catch, and the total landed RCO 3 catch was also determined 

2.2 Data checking 

A number of range checks were conducted on the aggregated data fiom the fishing trips 
exclusively targeting RCO 3. The qualifymg range for each variable was determined from an 
examination of the distribution of the total data set. The specific quallfymg range for each 
variable was as follows. 
1. The duration of the fishing trip was less than 6 days. 
2. The average number of trawls per day for a trip was less than or equal to 10. 
3. Total landed weight of ELE 3 for a trip less than 25 tonne greenweight. 
4. Total landed weight of ELE 3 andlor RCO 3 not null. 

Trip records with variables beyond the qualifying range were identified and examined in more 
detail. Errors in the duration of the fishing trip were often due to incorrect start or end dates. 
Errors in the number of trawls were often attributable to transposing the effort number 
(number of trawls) and fishing duration fields on the CELR form. Obvious errors were 
corrected, while the small number of trip records with unresolvable errors were deleted (less 
than 1% of all trip records). 



There were a large number of trip records with no corresponding landed catch data for RCO 3 
(692 records) or ELE 3 (3344 records). This is mostly due to a genuine null landing for the 
fishstock for the fishing trip (zero catch). However, it can also occur through an error in the 
generation of the unique trip key for a specific fishing trip that results in a loss of the linkage 
between the effort data for the trip and the landed catch. 

For fishing trips with no corresponding landing data for ELE 3 or RCO 3, the landed catch 
was assigned equal to the sum of the estimated catch of the species for that trip. On this basis, 
92% of records with no ELE 3 landing data were assigned a zero catch. 

A comparison of the estimated and landed catch revealed that only 65-75% of the 
elephantfish catch was recorded on the effort section of the CELR and TCEPR forms (Table 1 
and Figure 3). By comparison, the effort section of the form recorded 85-95% of the landed 
catch of red cod fiom the corresponding fishing trips. The difference reflects the fact that 
elephantfish is taken as a relatively small bycatch of the RCO 3 target fishery and catches of 
the species are not always recorded amongst the top five species caught (by weight) in the 
estimated catch section of the CELR or TCEPR form. In addition, as the catch of elephantfish 
is processed at sea, some fishermen may erroneously record the processed weight (dressed 
state) of species in the estimated catch section rather than the green weight of the catch. 

During the 1989-90 and 1999-2000 period, the proportion of the ELE 3 catch recorded on the 
effort section of the form generally increased from about 60% to 90% of the landed catch 
(Table 1). Consequently, an analysis of CPUE data solely based on the estimated catch of 
elephantfish is likely to introduce a positive bias to the annual trend in catch rate from the 
fishery. It was concluded that the landed catch data represented the most reliable and 
consistent source of catch data from the ELE 3 fishery and that any CPUE analysis for the 
fishery should be restricted to the use of these data. 

3. FISHERY SUMMARY 

3.1 Catch composition 

From 1989-90 to 1992-93, about 50% of all RCO 3 target fishing trips in October-March 
landed no ELE 3 catch and about 80% of trips landed less than 100 kg of ELE 3 (Figure 4). In 
the four subsequent years, the proportion of trips landing no ELE 3 catch declined to represent 
25% of all RCO 3 target fishing trips and the proportion of trips landing a small quantity of 
ELE 3 (1-99 kg) increased fiom about 30% to 45%. 

Over the 1989-90 to 1996-97 period, there was a steady increase in the proportion of RCO 3 
target fishing trips landing 100-500 kg of ELE 3 from 10% to 20% of all landings (Figure 4). 
There was also a general increase in the proportion of larger (at least 500 kg) landings of ELE 
3 from 2% to 9% of RCO 3 target fishmg trips during the same period. 

From 1996-97 to 1998-99, the proportion of trips with no ELE 3 catch increased from about 
25% to 40% of all trips. During the same period, the proportion of landings with a small catch 
of ELE 3 (1499 kg) declined fiom 65% to 45% (Figure 4). However, the proportion of larger 
(at least 500 kg) landings of ELE 3 continued to increase from 9% in 1996-97 to 24% in 
1999-2000. 

In 1999-2000, there was a marked decline in the proportion of landings with no elephantfish 
catch, with a corresponding increase in the proportion of 100-499 kg landings of ELE 3. The 



proportion of larger landings continued the trend evident in recent years, representing 24% of 
all landings in 1999-2000 (Figure 4). 

3.2 Fleet composition 

From 1989-90 to 1998-99, the target RCO 3 fishery operating between October and March 
supported a fleet of about 40-50 trawl vessels in each year (Table 2). In 1999-2000, the 
number of vessels declined to 33, probably due to a poor red cod fishing season compared to 
the previous years (Annala et al. 2001). 

In 1989-90 and 1990-9 1, vessels operating in the RCO 3 fishery conducted about 500 fishing 
trips per annum during the October-March period. The number of trips steadily increased 
over the subsequent years to reach a peak of about 1300 fishing trips in 199445 (Table 2). 
Between 1994-95 and 1998-99, the number of trips during the October-March period 
remained relatively stable at between 1000-1200 per annum. There was a marked decline in 
the number of target RCO trips in 1999-2000, with only 509 trips conducted between October 
1999 and March 2000. 

The increase in the number of trawls conducted each year over the 1989-90 to 1998-99 
period is consistent with the increase in the number of fishing trips during the same period. 
Between 1989-90 and 1994-95, the number of trawls conducted during fishing trips 
exclusively targeting RCO 3 increased from about 1800 to 4900 and the level of effort 
remained relatively constant at this level in the four subsequent years (Table 2). The total 
number of trawls declined to about 2800 in 1999-2000, with a corresponding decline in the 
number of days fished. 

The level of RCO 3 catch taken during the October-March period declined slightly fiom 
about 2000 t in 1989-90 to 1000 t in 1991-92 before steadily increasing to about 4000 t in 
1994-95 (Table 2). RCO 3 catches by the target fishery remained relatively stable at about 
4000 t from 1994-95 to 1997-98 and subsequently increased to about 7000 t in 1998-99. The 
red cod catch declined to about 1000 t in 1999-2000. 

The bycatch of ELE 3 from the RCO 3 target fishery in October-March was less than 50 t per 
annum between 1989-90 and 1991-92 (Table 2). From 1991-92 to 1994-95, the level of 
elephantfish bycatch steadily increased from 44 t to 250 t and remained relatively steady at 
this level during the four subsequent years (Table 2). The level of elephantfish bycatch was 
maintained at this level in 1999-2000 despite the large decline in fishing effort and red cod 
catch. 

The RCO 3 trawl fishery is dominated by a core group of vessels that accounted for most of 
the fishing effort in the fishery between 1989-90 and 1999-2000 period. This sector of the 
fleet was defined as those vessels completing at least 50 fishing trips exclusively targeting red 
cod and operating in the RCO 3 fishery for at least three fishing years during the study period 
(October to March only). The group of core vessels comprised 50 individual vessels of the 
total fleet of 108 trawl vessels that had participated in the fishery. 

The core vessels in the RCO 3 fishery accounted for 94% of all the fishing trips conducted 
fiom October to March, 97% of the ELE 3 catch, and 92% of the RCO 3 catch landed by the 
entire fleet during the period 1989-90 to 1999-2000 (Table 2). Ten of these core vessels 
accounted for 3045% of all fishing trips included in the total data set. 



Most (90%) of the total trip records and ELE 3 landed catch included in the core vessel data 
set was fiom data reported in the CELR format (Table 3). 

3.3 Areal distribution 

The areal distribution of fishing effort for the RCO target fishing trips was examined to 
determine the extent of the fishery. Almost all fishing effort (96%) conducted during these 
trips was within statistical areas 020 and 022 (Table 4 and Figure 5), with a small proportion 
of the trawls conducted in the adjacent statistical areas (018 and 024). 

The main red cod fishing grounds within statistical areas 020 and 022, based on TCEPR data 
only, are presented in Figure 5. The fishery in 020 is centred on an area extending northwards 
through Pegasus Bay fiom the eastern tip of Banks Peninsula in the 30-70 m depth range. In 
statistical area 022, fishing is concentrated in the southern Canterbury Bight off Tirnaru. 
Fishing grounds in this area extend over the shelf, although concentrated in the 30-100 m 
depth range, with a small amount of trawling conducted along the 200 m depth contour. 

Within the red cod fishing grounds, catches of elephantfish were generally restricted to the 
shallower depth range, with the larger catches (at least 160 kg) taken fTom trawls in the 
Canterbury Bight within the 30-50 m depth range (Figure 6). 

4. CPUE ANALYSIS 

A standardised CPUE analysis of the ELE 3 bycatch of the RCO 3 target trawl fishery 
(October-March only) was conducted based on the methods of Vignaux (1992, 1994). The 
data set included all trips targeting red cod by the 50 core vessels operating in the fishery 
ffom 1989-90 to 1999-2000. 

The CPUE analysis was based on an individual fishing trip representing the primary unit of 
effort It was necessary to summarise the data by fishing trip due to the relatively low and 
variable reporting of the estimated catch of elephantfish on the effort section of the fishing 
returns. However, the aggregation of catch and effort data limits the number of potential 
explanatory variables available for inclusion in the CPUE model. 

4.1 CPUE data set 

The data set included in the CPUE model was limited to catch and effort data fiom the core 
vessels in the fishery. The core fleet was defined as those vessels completing a minimum 
number of fishing trips and participating in the fishery for a minimum of three years between 
1989-90 and 1999-2000. Many of the core vessels were involved in the fishery for 
considerably longer than 3 years, with 34 of the 50 core vessels present in the fishery for at 
least 6 years. Consequently, the core fleet can be considered to be a relatively consistent 
group of vessels that operated in the fishery throughout the study period. Trends in the catch 
rate of elephantfish fiom these vessels are likely to be less sensitive to perturbations in the 
configuration of the fishing fleet and more indicative of changes in the relative abundance of 
elephantfish. 

Most of the core vessels were within the 15-20 m length range although there was a general 
increase in the average length of vessels operating in the fishery fiom 1992-93 to 1999-2000 
(Figure 7). The fishing trips were generally of 1-2 days in duration and completed 2 4  trawls, 



although in the 1999-2000 year there was a marked increase in the number of trawls 
completed per trip (Figure 7). 

Between 1989-90 and 1997-98, there was a gradual increase in the average catch of 
elephantfish per trip. In the two subsequent years, the level of elephantfish bycatch increased 
considerably, particularly the proportion of trips with larger catches (greater than 400 kg) 
(Figure 7). The red cod catch per trip varied considerably during the 1989-90 and 1997-98 
period. Catches were generally high in 1989-90 and 1990-91, declined in 1991-92, and 
steadily increased over subsequent years before declining in 1999-2000 (Figure 7). 

4.2 CPUE modeling 

Three separate CPUE models were investigated. 
1. Loglinear, all. The data set included all qualifymg trips, a total of 9054 records. Trips 

with a zero landed catch of ELE 3 were assigned a nominal catch of 1 kg. The CPUE 
estimate of logarithm of the landed ELE 3 catch (kg) was the dependent variable. 

2. Loglinear, non zero. The data set included all records with a landed catch of elephantfish 
(5638 records). The CPUE estimate of logarithm of the landed ELE 3 catch (kg) was the 
dependent variable. 

3. Binomial. The CPUE analysis modelled the presence or absence of elephantfish in the 
total landed catch for a trip (9054 records). 

For each of the three models, the CPUE estimate was tested against the predictor variables 
surnmarised in Table 5. Continuous variables were included in the model as third order 
polynomial functions. 

The CPUE estimate was regressed against each of the predictor variables to determine which 
explained the most variability in CPUE. This selected variable was then included in the model 
and the CPUE regressed against the selected variable and each of the other predictor variables 
to determine the next most powerful variable. The stepwise regression was continued until the 
remaining variables contributed no significant explanatory power to the model (less than 3% 
increase in the R~ value). For the binomial model, the improvement in the model was 
determined fiom the change in deviance with inclusion of the predictor variable relative to the 
null deviance of the data set. 

Due to the high number of zero catch records included in the loglinear (all) analysis, it was 
considered that the annual indices could be sensitive to the level of nominal catch assigned to 
zero catches. The sensitivity of the indices to this factor was investigated by comparing 
annual indices derived fiom the loglinear (all) model with indices determined assuming 
alternative levels of nominal catch (5 kg and 10 kg). 

Annual indices were determined relative to a base year of 1992-93. The standard deviation of 
the annual indices was determined following Vignaux (1992). 

4.3 Loglinear (all) model 

The loglinear (all) model resulting fiom the stepwise regression procedure included four 
predictor variables. The unique vessel key was included in the model at the first iteration 
followed by the number of trawls, included in the model as a third order polynomial function. 
The landed catch of RCO 3 and fishing year were included in the model as the third and 



fourth variables, respectively. The final model explained 28.5% of the variation in the 
logarithm of catch per trip (Table 6). 

There is a positive relationship between the number of trawls conducted during the fishing 
trip and the landed catch of ELE 3 (Figure 8). The landed catch of RCO 3 was included in the 
model as a third order polynomial function. The model predicts the level of elephant fish 
bycatch from a fishing trip declines with an increasing catch of red cod, up to a landed weight 
of 20 t. The level of elephantfish bycatch is predicted to increase slightly for RCO 3 landings 
exceeding 20 t, although the upper limit of the relationship is poorly defined due to the 
limited number of records with red cod landings of that magnitude (Figure 8). 

The CPUE model predicts a high level of variation in the level of elephantfish landed by the 
individual core vessels in the data set (Figure 8). 

The annual indices derived from the model are presented in Table 7. The indices were 
relatively constant for the 1989-90 to 1992-93 period and subsequently increased to about 
twice the base year in 1994-95 (Figure 9). Annual indices for the four subsequent years were 
variable at about the level of the 1994-95 index and increased to about 3.5 times the base year 
in 1999-2000. However, the 1999-2000 index and, to a lesser extent the 1996-97 index, are 
poorly determined with high associated standard errors. 

The annual indices derived from the model are highly sensitive to the magnitude of the 
nominal catch assigned to the records with a zero landing of elephantfish (Figure 10). The 
extent of the increase in annual indices between 1992-93 and 1999-2000 is considerably 
greater when a nominal catch of 1 kg is assumed compared to larger nominal values (5 kg and 
10 kg). This is due to a general decline in the proportion of zero landings during the period 
(see Figure 4). 

4.4 Loglinear (non zero) model 

The loglinear (non zero) model included the same variables as the loglinear (all) model, with 
the inclusion of the categoric variable month. The five variables included in the loglinear (non 
zero) model accounted for 31% of the observed variation in the logarithm of catch per trip 
(Table 8). 

The relationships between the landed catch of elephantfish and the number of trawls 
completed during the fishing trip and the level of red cod catch were comparable to the 
loglinear (all) model (Figure 11). Relative catch rate of elephantfish is predicted to be 
constant through the main fishing period November to February, but low during the adjacent 
months (October and March) (Figure 11). 

There is considerable variation in the relative bycatch rate of elephantfish for the individual 
vessels making up the core fleet (Figure 11). In particular, two vessels had an especially low 
catch rate although both recorded only a few trips with a non-zero catch of elephantfish. Most 
of the vessels with the higher coefficients were present in the fishery during the latter part of 
the study period. 

The year indices derived from the model indicate a slight decline in the CPUE of elephantfish 
between 1989-90 and 1991-92 followed by a gradual increased over the next three years to 
about 15-20% above the base year of 1992-93 (Table 9 and Figure 12). The annual indices 
remained about this level between 1994-95 and 1996-97 before dropping slightly to below 



the level of the base year in 1997-98. For the 1998-99 and 1999-2000 years, the annual 
indices increased to a level about 50% greater than the 1992-93 base year. 

4.5 Binomial model 

The binomial CPUE model includes the same significant variables included in the loglinear 
(non zero) model; vessel, fishing year, number of trawls, red cod landed catch, and the month. 
These variables explained only 0.6% of the presencelabsence of elephantfish in the landed 
catch of target red cod fishing trips (Table 10). 

The annual indices derived fiom the model reveal a steady increase in the presence of 
elephantfish in the landed catch between 1989-90 and 1995-96, with the annual indices 
increasing by about 100% during that period (Table 11 and Figure 13). In the subsequent 
years, the annual indices have been variable, with high values in 1996-97 and 1999-2000 
(about 2.5-3.0 times the 1992-93 base year) and lower in 1997-98 and 1998-99. The high 
indices for the 1996-97 and 1999-2000 are consistent with the low proportion of zero 
landings evident in the catch composition for these years (see Figure 4). There is a very high 
standard error associated with the annual indices for these two years (Figure 13). 

5. DISCUSSION 

During the 1990s, there was a steady increase in the level of catch of elephantfish fiom ELE 3 
and annual catches consistently exceeded the level of the TACC throughout the period. 
Previous studies revealed that a high proportion of the total ELE 3 catch was taken as a 
bycatch of the target red cod trawl fishery and that the fishery had also accounted for most of 
the increase in ELE 3 catch during the 1990s (Raj & Voller 1999). By comparison, the level 
of ELE 3 catch from the other main target fisheries operating within ELE 3 was relatively 
low. On this basis, the CPUE analysis was restricted to the catch and effort data from the red 
cod target fishery only and further limited to the October to March period when most of the 
elephantfish bycatch is taken within the Canterbury Bightpegasus Bay area. 

The CPUE analysis was also restricted to a group of core vessels operating within the fishery 
for an extended period. Within the red cod trawl fishery, there was a relatively stable group of 
vessels that operated in the fishery throughout the study period and, in many cases, for a 
considerably longer period. The continuity of vessels within the fleet means that trends in the 
bycatch of elephantfish are less likely to be attributable to changes in the configuration and 
operation of the fleet and more indicative of a change in the relative abundance of the species. 

During the 1990s, the bycatch of elephantfish by the red cod target trawl fishery was 
characterised by many small catches. There was also a high proportion of red cod fishing trips 
that recorded no catch of elephantfish. Most of the vessels operating in the fishery recorded a 
summary of the daily fishing effort and catch information in the statutory CELR format. This 
reporting regime provides only for the recording of the catch of the five main species caught 
during a day of fishing and, consequently, does not adequately record the daily catches of the 
minor bycatch species. 

During the early 1990s, when the bycatch of elephantfish was relatively low, the CELR 
regime captured a relatively small proportion of the elephantfish bycatch fiom the red cod 
fishery. This was presumably because other bycatch species were caught in greater quantity 
and elephantfish was not amongst the five main species caught. However, during the period 



studied there was an increase in the overall bycatch of elephantfish and also in the increase in 
the proportion of the proportion of the bycatch reported in the daily CELR format. 

The increasing trend in the proportion of the elephantfish bycatch reported to the daily CELR 
format means that any trends in these catch and effort data would over state the actual 
increase in the catch rate of elephantfish fiom the red cod trawl fishery. Instead, the current 
CPUE analysis was based on the actual landed catch of elephantfish fiom each quallfylng 
fishing trip. These data are considered more reliable as all elephantfish caught and retained on 
board the vessel were weighed following the vessel discharge. This avoids the potential bias 
of small catches not being recorded amongst the five main species caught andlor the reliance 
on catch weights estimated on board the vessel. 

Elephantfish are processed at sea (to the dressed state) and the CPUE data set indicated that a 
number of the core vessels were erroneously recording the processed weight on the daily 
CELR form rather than the unprocessed weight. The use of the landed catch data avoids this 
further source of uncertainty. Nevertheless, the calculation of the greenweight equivalent of 
the landed catch of elephantfish is dependent on a reliable conversion factor for the processed 
weight of elephantfish. The current analysis was based on the reported greenweight of 
elephantfish determined fiom the gazetted conversion factor that was constant throughout the 
study period. 

The selection of a CPUE estimator based on the landed catch of elephantfish fiom an 
individual fishing trip limited the range of variables available for inclusion in the analysis. 
The corresponding effort data fiom each fishing trip were aggregated to determine the total 
number of trawls and the duration of the fishing trip. Most (90%) of the effort data included in 
the data set were derived fiom the CELR format, which records summary data for each day of 
fishing. Consequently, the amalgamation of CELR records fiom short fishing trips (1-2 days) 
is unlikely to result in a substantial loss in the definition of the effort data. However, the 
amalgamation of the data by fishing trip does not enable the statistical area fished (020 andlor 
022) to be included in the analysis as an individual vessel may fish in both areas during an 
individual trip and the location of the catch of elephantfish is unknown. 

Three options for the analysis of the CPUE data set were investigated. The logarithm of the 
landed catch of elephantfish was modelled with the inclusion (loglinear all) and exclusion 
(loglinear non zero) of trips with no catch of elephantfish and the presencdabsence of 
elephantfish in the landed catch from a trip was also modelled (binomial). A comparison of 
the annual indices derived from the three CPUE models reveals strong similarities between 
the loglinear (all) and binomial models, with the exception of a deviation in the annual indices 
in 1998-99 (Figure 14). The similarity between the two models is likely to be attributable to 
the high proportion of zero records in the data set included in both analyses (see Table 2). The 
lower annual index derived fiom the binomial model for the 1998-99 year may reflect the 
increase in the proportion of trips with no landed catch of elephantfish despite the increase in 
the proportion of landings with at least 500 kg of ELE 3 (Figure 4). The high annual indices 
for 1996-97 and 1999-2000 derived from both models were associated with a high standard 
error. 

The loglinear (non zero) model yielded annual indices that revealed a more gradual increase 
in the bycatch of elephantfish over the study period compared to either the loglinear (all) or 
binomial models (Figure 14). This model suggests the level of bycatch in the two most recent 
years was approximately twice the level in 1990-91 and 1991-92. Jn contrast, the loglinear 
(all) or binomial models indicate a 2.5 fold increase in the level of bycatch over the same 
period, although the indices for these models are highly variable in recent years. 



Examination of the residuals fiom the two loglinear models reveals a poor fit to the loglinear 
(all) data set due to the inability of the model to fit the large number of zero records (see 
Figure 16 and Figure 17). The inclusion of the null catches (assigned a nominal 1 kg) results 
in the model significantly under estimating the non-zero component of the data set throughout 
the observed range of catch and also predicts a large number of very small catches (less than 1 
kg). The annual indices derived fiom the loglinear (all) model were also highly sensitive to 
the magnitude of the nominal catch assigned to the zero catch component of the data set. 

A comparison of the diagnostics of the loglinear models indicates a significant improvement 
in model behaviour when zero catches are excluded. However, the resulting model does not 
account for any trend in the proportion of non-zero records which may also provide an 
indication of trends in the abundance of the ELE 3 stock. The proportion of zero records is 
variable between years and the high annual indices derived from the binomial model for the 
1996-97 and 1999-2000 years correspond t0.a substantial decline in the proportion of non- 
zero records in the CPUE data set. An examination of the CPUE data set revealed no strong 
trend in either the areal or seasonal distribution of fishing effort that may have influenced the 
proportion of zero catches in these recent years. 

The amalgamated data set, summarising catch and effort data by fishing trip, limits the 
potential to investigate fine-scale changes in the operation of the RCO 3 target fishery, 
although some minor changes in the distribution of catch and effort are apparent during the 
study period. Between 1992-93 and 1995-96 there was a slight increase in the proportion of 
the total RCO 3 trawls in statistical area 022 and a corresponding decline in the proportion of 
fishing effort in 020. However, the magnitude of the change in the distribution of effort was 
small (about 10%) and, therefore, unlikely to have substantially influenced the overall bycatch 
rate of elephantfish. Further, the shift in effort in the early 1990s does not explain the 
persistent increasing trend in elephantfish bycatch from the fishery. Nevertheless, a future 
analysis of CPUE may attempt to identify fishing trips conducted entirely within each of the 
two statistical areas and examine trends in elephantfish catch rate by area. 

Over the study period, there was an increase in the proportion of CPUE records (qualifymg 
fishing trips) conducted during October, although this period accounted for a relatively small 
proportion of annual fishing trips (5-10%) and there was no strong systematic trend in the 
seasonal distribution of fishing effort for the remainder of the October-March period. The 
month variable is included in both the loglinear (non zero) and binomial CPUE models, 
although it was not a significant variable in the loglinear (all) model. 

On the basis of the model diagnostics and the relative consistency of the indices between 
years, the loglinear (non zero) CPUE model is the preferred option for monitoring trends in 
bycatch rate of elephantfish from the RCO 3 target fishery. The level of total ELE 3 bycatch 
will be influenced by the annual performance of the RCO 3 fishery. However, the application 
of the CPUE index to monitor relative abundance of ELE 3 assumes the CPUE index is 
independent of the performance of the target fishery or that any significant interaction can be 
addressed within the CPUE model. 

The CPUE model reveals a strong interaction between the catch rate of red cod during a trip 
and the catch of elephantfish, with larger catches of elephantfish taken during trips that landed 
smaller quantities of red cod. The model accounts for the effect by including the red cod total 
landed catch as a significant variable in the CPUE model. During the study period, there was 
also a general increase in the bycatch rate of elephantfish while the total catch from the RCO 
3 fishery increased (Figure 15). However, the extent of the increase in the CPUE index was 



considerably less than the variation in RCO 3 catch and the CPUE index has remained at a 
high level in 1999-2000 despite a large decline in the RCO 3 catch. Therefore, it is likely that 
the relative increase in the bycatch rate of elephantfish represents an actual increase in the 
abundance of the stock rather than an artefact of the performance of the RCO 3 fishery. 

Conceptually, CPUE data from a bycatch fishery has a number of properties that are 
favourable in applying these data to monitor changes in relative abundance. In particular, 
fishing effort is likely to be more randomly distributed with respect to the bycatch species 
than for target fisheries. Consequently, trends in the relative bycatch may be more 
representative of an underlying change in the relative abundance of the species compared to a 
CPUE index derived for a target fishery. However, this assumption is likely to be violated to 
some extent if the fleet changes fishing behaviour with respect to either the abundance of the 
target species or the bycatch species. In the latter case, this may occur if the bycatch species is 
constrained by the level of the TACC resulting in a change in the distribution of target fishing 
to avoid high catches of the bycatch species. There is anecdotal information from the trawl 
fishery to suggest that during years of high elephantfish abundance there was a change in the 
area fished to minimise the bycatch of elephantfish. 

Limited information is available fiom the ELE 3 fishery to evaluate the reliability of the 
CPUE indices to monitor the relative abundance of elephantfish. During the study period, a 
time-series of inshore trawl surveys was conducted within the Canterbury Bight and Pegasus 
Bay areas. However, the relative biomass estimates derived for elephantfish were highly 
variable between surveys and it was concluded that the surveys were not adequately 
monitoring trends in the abundance of the species (Beentjes & Stevenson 2000, 2001). 
Nevertheless, the increase in the annual CPUE indices is consistent with the observed increase 
in the bycatch of elephantfish fiom the various target fisheries operating within ELE 3 despite 
a decline in the availability of ELE 3 quota to cover the increase in catch. In recent years, the 
trawl sector has also reported a considerable increase in the abundance of elephantfish and 
this is evident in the CPUE indices derived from the red cod target fishery. 

In March 2000, the Inshore Fisheries Stock Assessment Working Group reviewed the results 
of the CPUE analysis and recommended the loglinear (non zero) CPUE model be used for on- 
going monitoring of the relative abundance of ELE 3. The loglinear (non zero) model was 
considered the preferred CPUE model due to the lower level of inter-annual variability 
between the CPUE indices, the absence of any assumptions regarding treatment of zero catch 
records, and the more gradual increase in the CPUE indices over the study period. However, 
the Working Group also considered that other options for developing a fishery independent 
index of abundance for ELE 3 should also be investigated. In the absence of an alterative 
index, the CPUE analysis will continue to be an important element of the annual monitoring 
of the elephantfish fishery under the ELE 3 Adaptive Management Programme. 
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Table 1: Total reported greenweight estimated catch (t) and landed greenweight (t) of ELE 3 and 
RCO 3 for vessels exclusively targeting RCO by trawl from October to March by fishing year. 
The estimated catch of each species is also presented as a percentage of the total landed 
greenweight. 

Fishing year ELE 3 RCO 3 
Estimated Landed Percentage Estimated Landed Percentage 

Table 2: Summary of the annual number of target RCO 3 fishing trips conducted during 
October-March, the number of vessels in the fishery, the total number of days fished, the total 
number of trawls, the total landed greenweight of ELE 3 and RCO 3 (tomes), and the percentage 
of trips with no ELE 3 landed by fishing year for all vessels and for the core vessels. Core vessels 
are defined as vessels completing at least 50 trips and fishing in at  least three years during the 
198940 to 1999-2000 period. 

Fishing year 
89-90 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99- 

All vessels 
Trips 
No. vessels 
ELE 3 
RCO 3 
Days 
Trawls 
Prop zero (%) 

Core vessels 
Trips 
No. vessels 
ELE 3 
RCO 3 
Days 
Trawls 
Prop zero (%) 



Table 3: Cumulative percentage of the number of RCO 3 fishing trips conducted by the 
individual vessels in the fishery completing at least 50 trips and fishing in at least three years 
during the 1989-90 to 1999-2000 period. Vessels are ranked in order of the total number of 
fishing trips completed during the period. 

Vessel 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1 
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 1 
32 
33 
34 
35 
36 
37 
38 
39 
40 
4 1 
42 
43 
44 
45 
46 
47 
48 
49 
50 
Other 

Fishing year 
89-90 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-2000 



Table 4: Percentage distribution of the total number of trawls by statistical area from RCO 3 
target fishing trips during October-March by statistical area (CELR and TCEPR data). 

Fishing year Statistical area 
018 020 022 024 Other 

Table 5: A summary of the variables tested in the regression models. The numbers in parentheses 
are the number of categories. 

Variable 

Month 
Vessel 
Fishing-Year 
Form Type 
Duration 
Trawls 
RCO-catch 

Categorical (6) 
Categorical (50) 
Categorical (1 1) 
Categorical (2) 
Polynomial 
Polynomial 
Continuous 

Description 

Month of the year 
Vessel code number 
Fishing year 
Data recorded on TCEPR or CELR forms. 
The duration (days) of the fishing trip. 
The number of trawls completed during the trip. 
The total landed weight of RCO 3 for the trip (kg). 

Table 6: Variables included in the stepwise regression for the loglinear (all) model in order of 
importance. 

Variable 

Vessel 
Trawls 
RCO-catch 
Fishingjear 
Month 
Duration 
Form type 
% Improvement 

R' at iteration 
1 2 3 4 5 



Table 7: Year indices with standard deviation and regression coefficients for the loglinear (all) 
ELE 3 CPUE model. n, number of records. 

Fishing n Regression Year S.D. 
Year coefficient index 

Table 8: Variables included in the stepwise regression for the loglinear (non zero) model in order 
of importance. 

Variable R' at iteration 
1 2 3 4 5 6 

Trawls 
Vessel 
RCO-catch 
Month 
Fishing y e a r  
Duration 
Form type 

% Improvement , 64.1 25.8 6.4 3.3 N S  

Table 9: Year indices with standard deviation and regression coefficients for the loglinear (non 
zero) ELE 3 CPUE model, n = number of records. 

Fishing n Regression Year S.D. 
Year coefficient index 



Table 10: Variables included in the stepwise regression for the binomial model in order of 
importance. 

Variable Percentage improvement 

Vessel 
RCO-catch 
Trawls 
Fishing yea r  

Table 11: Year indices with standard deviation and regression coefficients for the binomial ELE 
3 CPUE model, n = number of records. 

Fishing n Regression Year S.D. 
Year coefficient index 



Figure 1: Fishstock areas for elephantfish (from Annala et al. 2001). 
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Figure 2: Trends in ELE 3 catch (tomes) by target fishery for the period 1989-90 to 1997-98 
(from Raj & Voller 1999). 
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Figure 3: Comparison between the total estimated (kg) and landed weight (kg) of ELE 3 from 
individual target RCO 3 fishing trips. The dotted line represents unity. 
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Figure 4: Distribution of landed catch (kilogrammes) of ELE 3 by size category from RCO 3 
fishing trips during October to March by fishing year for the 1989-90 to 1999-2000 period. 



Figure 5: Distribution of RCO 3 target trawls (October to March) from fishing trips exclusively 
targeting red cod for the period 1989-90 to 1998-99 combined (TCEPR data only). The dotted 
line represents the 200 m depth contour. 



Figure 6: Distribution of RCO 3 target trawls (October to March) where elephantfish catch 
reported for the period 1989-90 to 1998-99 (TCEPR data only). Squares denote elephantfish 
catches 1-40 kg (116 records), diamonds 40-100 kg (117 records), circles 100460 kg (75 
records), and stars 160+ kg (129 records). The dotted line represents the 200 m depth contour. 
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Figure 7: Annual distribution of the core vessel data records with respect to vessel length (m), 
number of trawls per trip, and landed catch of elephantfish and red cod. Zero catch records of 
elephantfish and red cod are excluded from the respective catch distributions. The lines 
represent the 25% quantile, the median, and the 75% quantile; the heavy line represents the 
mean value. 
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Figure 8: The predicted relationships between the landed catch of elephantfish (kg) and the 
signif~cant variables included in the loglinear (all) model. 
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Figure 9: Relative year effects for the loglinear (all) CPUE regression analysis with error bars 
representing the 95% confidence interval. 
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Figure 10: Comparison of annual indices from the loglinear (all) model with different levels of 
catch (1,5, and 10 kg) nominally assigned to the records with zero elephantfish catch. 
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Figure 11: The predicted catch of elephantfish (kg) with respect to each of the significant 
variables included in the loglinear (non zero) model. 
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Figure 12: Relative year effects for the loglinear (non zero) CPUE regression analysis with error 
bars representing the 95% confidence interval. 
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Figure 13: Relative year effects for the binomial CPUE regression analysis with error bars 
representing the 95% confidence interval. 
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Figure 14: Comparison of the ELE 3 annual indices derived from the loglinear (all), loglinear 
(non zero) and binomial CPUE models. For comparison, all indices were scaled by the average of 
the entire series. 
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Figure 15: Comparison between the annual indices derived from the loglinear (non zero) ELE 3 
CPUE model and the annual catch from the RCO 3 fishery (QMR) for the period 1989-90 to 
1999-2000. 
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Figure 16: Residual plots for the loglinear (all) and loglinear (non zero) ELE 3 CPUE models. 
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Figure 17: Quantile-quantile plots for the loglinear (all) and loglinear (non zero) ELE 3 CPUE 
models. 


