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1. Executive summary 

Standardised CPUE indices are presented for the non-spawning season hoki 
(Macruronus novaezelandiae) trawl fisheries on the Sub-Antarctic and the Chatham 
Rise fishing grounds. These indices are based on commercial catch and effort data for 
target hoki, and are standardised for effects such as seasonal variation, changes in 
vessel characteristics, and fishing power. The CPUE indices were estimated using a 
combined lognormal and binomial generalised linear model. 

Non-spawning season indices have been calculated for the Chatham Rise for the years 
1989-90 to 1997-98, and for the Sub-Antarctic for the years 1990-91 to 1997-98, 
where the non-spawning season is defined as lasting from October to June each year. 

CPUE indices from the combined model for the Chatham Rise increased to 1.06 in 
1991-92, then declined to 0.7 for 1996-97 and 1997-98. As only 3% of reported 
target hoki tows recorded a zero catch - a value that has remained constant since 
1989-90 - the binomial component of the model added little and could perhaps be 
ignored. Diagnostic analyses of the lognormal component of the model suggested 
some departures from model assumptions, indicating that the model structure may be 
inadequate. Hence the indices derived may be not be reliable. 

Indices for the Sub-Antarctic show little evidence of increase or decrease after 1991- 
92, and remained relatively constant. As with the Chatham Rise data, only 3% of 
target hoki tows recorded a zero catch, suggesting that the binomial component of the 
model had little influence, and again could be ignored. Diagnostic analyses of the 
lognormal component of the model showed less serious departures from model 
assumptions than for the Chatham Rise data, suggesting little evidence for considering 
the indices for the Sub-Antarctic to be unreliable. 

A comparison of CPUE indices from data that had been comprehensively error 
checked (clean data) against data that had no error checking (raw data) and data that 
had elementary range checks only (range checked data) of the individual catch-effort 
records was also made. No difference between calculated indices from each of these 
sets of data was found. This suggests that recording and other data errors had little 
impact on the estimated indices. 



2. Introduction 

Standardised CPUE indices have been calculated for the holu trawl fishery based on 
spawning aggregations of hoki off the west coast of the South Island and in Cook 
Strait (Vignaux 1994, Ballara et al. 1997, 1998a, 1998b). Non-spawning season holu 
are, however, becoming an important component of the New Zealand holu fishery 
(Ballara et al. 1998b), with one third of the 1997-98 reported landings of hoki caught 
outside of the spawning season either on the Chatham Rise or in the sub-~ntarctic'. 
This report presents for the first time, target hoki standardised CPUE indices from the 
Chatham Rise and Sub-Antarctic non-spawning season fisheries. 

This report describes both the data and the calculation of indices. The areal boundaries 
(see Figure 1) and other criteria used to define the Chatham Rise and Sub-Antarctic 
fisheries are based on the recommendations of Ballara (1998) and are discussed in 
more detail below. The process of error checking and cleaning the data is also 
described. The calculations of indices are based on a combined binomial generalised 
linear model and lognormal generalised linear model (combined lognonnal/binomial 
model) described by Vignaux (1994) using a multiplicative multiple regression model 
(Gavaris 1980). 

This paper also briefly considers the impact of data checking and validation on the 
resulting indices, and presents standardised CPUE indices for data that (a) have had 
intensive error checking and repair (here called cleaned data), (b) exclude records with 
out of range values (range checked data), and (c) are analysed without any error 
checking or repair (raw data). The error checking process is described in more detail 
below, and the comparison of indices resulting from the different error checking 
processes is presented as Appendix 1. 

3. Methods 

The target hoki non-spawning season CPUE analyses presented in this report use 
individual tow records from the data held on the Ministry of Fisheries catch-effort 
database system. Data extracts from this system were provided by the Ministry of 
Fisheries. Vessel detail data were also obtained from a similar database held by the 
Ministry of Fisheries, and matched with individual tow records using the Ministry of 
Fisheries unique vessel key number. Extracts were requested that included all hoki 
target tows (with both zero and non-zero catch) within the New Zealand EEZ for the 
fishing years 1998-90 to 1997-98, that were recorded on the Ministry of Fisheries 
database as at 1 October 1998. As data recorded onto the Ministry of Fisheries 
database can lag behind the capture of such information by up to 4 months, it is 
possible that the data for the 1997-98 fishing year are incomplete. However, as this 
analysis considers only tows that occurred before July 1998, the number not recorded 
due to the time lag is likely to be small. 

1 Based on the reported landings of holu for 1997-98 as at 3019198 and estimated 
landings based on target hoki TCEPR returns for the 1997-98 fishing year 



Figure 1: The Sub-Antarctic and Chatham Rise non-spawning season hoki fisheries. 

3.1 Selection criteria and variables available for analysis 

Analysis of the non-spawning season CPUE for hoki are based on the areas, dates, and 
other criteria recommended by Ballara (1998). Ballara investigated the feasibility of 
CPUE analyses for the non-spawning season hoki in three areas around New Zealand: 
the Sub-Antarctic (covering fishing on and around the Pukalu Rise, Campbell Plateau, 
Auckland Islands, and the Snare Islands); the Chatham Rise (from the east coast of 
New Zealand, through to the Chatham Islands); and Cook Strait. The conclusions 
from Ballara (1998), along with the decision rules in this analysis for both the 
Chatham Rise and Sub-Antarctic, are summarised below. Following the 
recommendations of Ballara (1998), the hoki non-spawning season Cook Strait fishery 
was not analysed. Table 1 shows the number of records retained for analysis, and the 
number excluded by the respective selection criteria. 



Chatham Rise 
Ballara (1998) stated, for the Chatham Rise, that: 

1. non-spawning season CPUE analysis of Chatham Rise data is feasible from the 
data available; 

2. analysis of data from the 1989-90 fishing year is more appropriate given 
changes in the structure of the fishing fleet and the more reasonable spread of 
tows over the fishing year; 

3. analysis of hoki target data is more appropriate as most of the holu catch comes 
from hoki targeted tows. 

Target hoki non-spawning season CPUE indices for the Chatham Rise were calculated 
from target data that meet the following criteria. 

1. The latitude and longitude of the start of each tow were inside the area defined 
as being the Chatham Rise (see Figure 1). 

2. The date of each tow was between the 1989-90 and 1997-98 fishing years 
inclusive, and occurred in the months between October and June inclusive (and 
defined as the non-spawning season). 

3. Second and subsequent duplicate entries were excluded, where duplicate entries 
were defined as being tows from the same vessel on the same date at the same 
time. 

4. Tows from vessels with fewer than 10 tows in a fishing year were excluded for 
that year. 

5.  Tows for which CPUE could not be calculated (as either the catch, duration, or 
vessel speed information was not available for that record) were excluded. 

The number of tows available, and the number subsequently excluded by these 
criteria, are shown in Table 1 for the Chatham Rise and the Sub-Antarctic areas. 

Sub-Antarctic 
Similarly, Ballara (1998) stated, for the Sub-Antarctic, that: 

1. non-spawning season CPUE analysis of Sub-Antarctic data is feasible from the 
data available; 

2. analysis of data from the 1990-91 fishing year may be more appropriate given 
changes in the location and timing of fishing and more adequate data; 

3. analysis should use the data from the northeast Auckland, East Snares and West 
Snares areas (see Ballara & Hurst 1997) only, as these were the main areas 
fished during the 1990s; 

4. analysis of hoki target data would be most appropriate as a majority of hoh  
catch comes from hoki targeted tows. 

Target hoki non-spawning season CPUE indices for the Sub-Antarctic were calculated 
from target data that meet the following criteria. 

1. The latitude and longitude of the start of the tow were inside the area defined as 
being the Sub-Antarctic (see Figure 1). 

2. The date of the tow was between the 1990-91 and 1997-98 fishing years 
inclusive, and occurred in the months between October and June inclusive (and 
defined as the non-spawning season). 



3. Second and subsequent duplicate entries were excluded, where duplicate entries 
were defined as being tows from the same vessel on the same date at the same 
time. 

4. Tows from vessels with fewer than 10 tows in a fishing year were excluded for 
that year. 

5. Tows for which CPUE could not be calculated (as either the catch, duration, or 
vessel speed information was not available for that record) were excluded. 

Cook Strait 
No analysis was attempted on the Cook Strait data, following the recommendation of 
Ballara (1998), who stated "Non-spawning season CPUE analysis of Cook Strait data 
is not yet feasible from the data available, however adequate data may exist in four 
years time". 

Table 1: The number of tows retained and excluded by the respective selection criteria 

Description Chatham Rise Sub-Antarctic 
Total tows inside the defined area from 1982-83 to 1997-98 71 918 30 758 
Less tows outside the non-spawning season 13 374 7 398 
Less duplicated tows 417 149 
Less tows from vessels with less than 10 tows in a fishing year 599 357 
Less tows where CPUE cannot be determined 29 1 100 
Total tows retained available for further analysis 57 237 22 754 

Table 2 lists the all the variables available to the model, including variables calculated 
as a part of the analysis (the convention of using italics when referring to a variable 
within the analysis is used throughout this report). Most of the variables are self- 
explanatory, but some require further definition. The depthhime variable was a 4-level 
categorical variable, determined from the conjunction of the start time of each tow 
(between 0800 hours and 2000 hours or between 2001 hours and 0759 hours) and the 
ratio of net depth to bottom depth (> 0.9 or 5 0.9) for that tow. The depthhime variable 
has become an important explanatory variable in spawning hoki CPUE analysis, but 
has not been investigated in non-spawning stocks. Although this provides a coarse 
indicator variable of daylnight and the location of the trawl gear in the water, more 
exploratory work may be required. A new variable sunrise/sunset was introduced as a 
possible explanatory term to account for changes in the number of daylight hours over 
the non-spawning season at various longitudes and latitudes. This coded the start time 
of each tow into a 4-level categorical variable, with levels for within 1.5 hours of 
sunrise (sunrise) and within 1.5 hours of sunset (sunset), otherwise between sunrise 
and sunset (day) or between sunset and sunrise (night). Sunrise and sunset times were 
determined, for each tow, from the vessel's recorded latitude and longitude and the 
date of the tow. A variable describing each vessel's processing licence was not 
included in this analysis as it had a high proportion of missing or otherwise suspect 
data. 

3.2 Data checking and validation 

In general, catch-effort data often contains a large amount of apparent error, most 
commonly in the form of missing data, invalid codes, or implausible values. Data for 
both the Chatham Rise and Sub-Antarctic areas were checked for such errors before 



analysis (though see Appendix 1 for a summary of the effects of such cleaning on the 
resulting CPUE indices). The general process of checking, validating, and cleaning 
these data is described below. 

Individual tow records for each of the two areas (Chatham Rise and the Sub- 
Antarctic) were selected if they occurred within the area boundaries within the defined 
period. Tow records that were outside the defined areal boundaries or defined time 
periods were not investigated or otherwise validated, and hence were deleted. 

Table 2: Types and descriptions of the variables used to model CPUE 

Variable 
CPUE 
Year 
Day of year 
Latitude 
Longitude 
Sub-area 
Bottom depth 
Headline height 
Net depth 
Depthltime 

Sunrise/sunset 
Gear 
Gear width 
Vessel nation 
Vessel length 
Vessel year built 
Vessel tonnage 
Vessel power 
Vessel breadth 
Vessel draft 
Vessel volume 

Type 
Continuous 
Categorical 
Continuous 
Continuous 
Continuous 
Categorical 
Continuous 
Continuous 
Continuous 
Categorical 

Categorical 
Categorical 
Continuous 
Categorical 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 

Description 
CPUE measured in kilograms of hoki caught per nautical mile 
Fishing year 
Number of days since the start of the fishing year 
Latitude in decimal degrees at the start of the tow 
Longitude in decimal degrees at the start of the tow 
Sub-area (see Figures 2 & 5 for sub-area boundaries) 
Depth in metres of the sea floor at the start of the tow 
Headline height in metres of the net at the start of the tow 
Depth in metres of the groundrope at the start of the tow 
Categorical code of 4 levels, based on ratio of net depth and 
bottom depth with time of the tow 
Code for time of tow based on the sunrise and sunset time 
Type of trawl, either mid-water or bottom trawl 
Width of the net at time of trawl 
Country of origin of the vessel 
Overall length in metres of the vessel 
Year the vessel was built 
Gross tonnage in metric tonnes of the vessel 
Power in kilowatts of the vessel engines 
Breadth in metres of the vessel 
Draft in metres of the vessel 
Product of vessel length, vessel breadth, and vessel draft. 

All the remaining variables for each record were checked for valid codes and values, 
and all variables were range checked. Records with invalid codes or out of range 
values were visually compared with records from the same vessel, and in particular 
with the same vessel's records on or around the time and date of the tow in question. 
Obvious transcription errors and recording errors were corrected. After this 
comparison, if no obvious correction could be applied and the data were still 
considered to be highly improbable or had an invalid code, then the values were set to 
missing. Otherwise no change was made. 

Plots of a single vessel's tows for all variables were made and visually inspected. 
Individual or clusters of tows that appeared substantially different from the bulk of 
that vessel's recorded tows were checked as described earlier. Again, obvious 
transcription and recording errors were corrected, and remaining data set to missing if 
the values were still considered highly improbable. In addition, physical vessel 
characteristics were checked against individual tow records (for example the size of 
the catch as a ratio of the length or power of the vessel). The geographic locations 
where individual vessels fished were also investigated, and patterns checked for 



changes that might indicate recording errors. Improbable values identified for each 
individual tow record were investigated and corrected as earlier. 

Individual records were examined that had values across two or more variables that 
were unlikely when considered together. For example, when the recorded bottom 
depth was less than the recorded net depth, or when a mid-water trawl was recorded 
with the net located close to the sea floor. Again, comparison with the same vessels 
records for the period around the questionable tow were compared visually, and 
corrected as described. An approximate distance travelled was calculated based on the 
start and finish locations, and compared with the maximum distance that could be 
travelled by multiplying speed and duration. A similar correction procedure was 
applied to records where the difference between these values was considered to be 
high. 

The error checked and corrected data set (clean data) provided the basis for fitting the 
standardised CPUE models. As a part of this process, two other sets of data were 
created at the same time: the first being the set of data that met the criteria for 
inclusion in each analysis but was otherwise left unchecked (raw data); and the data 
set that excluded records with variables that had invalid codes or otherwise failed 
simple range checks on key variables (range checked data). No between variable or 
other form of validation was conducted on either of these two sets of data. A 
comparison of the indices derived from these three methods is presented in 
Appendix 1. 

3.3 Calculating standardised CPUE indices 

Estimates of relative year effects were obtained from a stepwise multiple regression 
method, where the data were modelled using a combined lognormalhinomial model 
(Vignaux 1994). In summary, this approach fits the data as two parts. The lognormal 
component is used to fit log-transformed non-zero CPUE data, while the binomial 
component models the proportion of non-zero tows. Combined CPUE indices are then 
calculated from the lognormal and binomial indices (Vignaux 1994). 

A forwardhackwards stepwise multiple regression fitting algorithm was employed 
(Chambers & Hastie 1991, Venables & Ripley 1994). The algorithm generates a final 
regression model iteratively and was implemented using the simple intercept model as 
the base model starting point. The reduction in residual deviance is calculated for each 
single term (or main effect) addition to the base model. The term that results in the 
greatest reduction in the residual deviance is added to the base model, if this would 
result in a change of more than 0.5%. The base model is then evaluated for main effect 
deletions. The term that would result in the least increase in residual deviance, if less 
than 0.5%, is deleted. The algorithm then repeats this process, updating the base 
model, until no more terms can be added or deleted. 

The stepwise algorithm also considered first order interaction terms. At each step, all 
first order interactions between variables selected up to that point were evaluated. As 
earlier, terms that resulted in a reduction of more than 0.5% in residual deviance were 
added to the model, and terms whose removal resulted in less than 0.5% increase in 



residual deviance were deleted. As the primary interest in the model is an estimate of 
relative year effects, possible interactions with fishing year were not evaluated. 

A stopping rule of 0.5% change in residual deviance was employed as this resulted in 
relatively parsimonious model with moderate explanatory power. Alternative stopping 
rules were briefly investigated, but are not reported here. Less conservative stopping 
rules tended to result in models with a greater number of terms, but little change in the 
estimated relative year effects was found. 

Model fits were investigated using standard residual diagnostics. Plots of model 
residuals and fitted values were investigated for evidence of departure from model 
assumptions. 

4. Results 

4.1 Estimated CPUE indices for the Chatham Rise 

The number of tows targeting hoki on the Chatham Rise has grown from under 2000 
to more than 12 000 tows since 1989-90, with the number of vessels fishing 
increasing from 15 in 1989-90 to 71 in 1997-98. Table 3 shows the number of vessels 
and the number of associated tows on the Chatham Rise used for the calculation of the 
CPUE indices. The locations of these tows on the Chatham Rise are shown as Figure 
2. 

The data available for final analysis appeared fairly complete, with almost all the total 
catch recorded on TCEPR returns being retained for analysis following data cleaning. 
Table 4 shows the total catch recorded on the TCEPR returns (raw data), and the total 
catch retained after data cleaning (clean data). Both the number of tows and the 
number of vessels targeting hoki on the Chatham Rise have increased over recent 
years, though the proportion of zero tows recorded has remained relatively constant 
(about 3%, range 2-9%). Table 5 provides a descriptive summary of the continuous 
variables. Tow records that have a variable with a missing value have been included 
within the descriptive summaries, but are excluded from the regression models. 

Table 6 shows the final stepwise regression variables selected, by order of selection, 
for the lognormal and binomial models. The residual deviance at each step is also 
shown. Seven variables were selected using the lognormal stepwise regression model. 
These were nation, vessel power, day of year, depthhime, sub-area, year, and net 
depth. An additional five first order interaction terms were also selected; nation with 
vessel power, sub-area and net depth; depthhime with sub-area and net depth; and 
sub-area with vessel power and net depth. The use of the depthhime variable may 
disguise other explanatory variables in the final models, and the validity of its use may 
be debatable. However, comparison of resulting indices with model runs without this 
variable showed no substantial differences (although clearly the variables selected into 
these models were different, with the sunset/sunrise code tending to take the place of 
depthhime). The reduction in residual deviance of the final model was 44.3% of the 
null deviance. 



Table 3: Number of vessels targeting hoki by area and fishing year 

Chatham Rise Sub-Antarctic 
Year No. vessels No. tows No. vessels No. tows 
1989-90 15 1 726 - - 
1990-9 1 26 3 826 13 2 328 
199 1-92 3 1 5 263 23 4 203 
1992-93 34 5 175 20 4 605 
1993-94 24 3 888 14 1 802 
1994-95 43 6 716 19 2 206 
1995-96 49 7 281 20 2 052 
1996-97 7 3 10 733 43 2 558 
1997-98 7 1 12 629 3 5 3 000 
Total 143 57 237 84 22 754 
Zero tows 3.5% 3.1% 

Table 4: Total target non-spawning hoki catch ('000 kg) during October-June inclusive on the 
Chatham Rise and Sub-Antarctic for 1989-90 to 1997-98, from the raw TCEPR records (raw 
data) and subsequent cleaned data (clean data) 

Chatham Rise Sub- Antarctic 
Year Raw data Clean data Raw data Clean data 
1989-90 10 297 9 966 - - 

1990-9 1 25 359 23 189 10 338 10 013 
199 1-92 39 696 37 156 22 006 21 590 
1992-93 34 161 32 758 20 193 19 907 
1993-94 16 460 15 908 7 339 7 262 
1994-95 29 131 29 056 10 659 10 658 
1995-96 35 246 34 651 9 056 9 010 
1996-97 43 824 43 529 12 195 11 921 
1997-98 57 049 56 392 13 241 13 112 

Figure 2: The location of tows on the Chatham Rise. 
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Table 5: Descriptive summary of the continuous variables for the Chatham Rise data 

Variable 
Day of year 
Longitude 
Latitude 
Bottom depth 
Headline height 
Net depth 
Gear width 
Vessel length 
Vessel year built 
Vessel tonnage 
Vessel power 
Vessel breadth 
Vessel drafi 

Mean 
120.8 
176.3 
43.6 

534.9 
15.6 

528.3 
47.0 
70.5 
1983 

2 059.0 
2 691.0 

13.2 
6.3 

Min. 
1 

171.0 
42.0 

100.0 
1 .o 

100.0 
8.0 

23.8 
1956 
42.0 

224.0 
5.8 
2.4 

25 5% 
Quartile 

66 
174.2 
43.0 

480.0 
3.0 

480.0 
30.0 
60.3 
1977 

974.0 
2 014.0 

11.0 
5.1 

Median 
117 

175.4 
43.8 

530.0 
4.0 

526.0 
35.0 
65.7 
1986 

1 970.0 
2 492.0 

13.0 
5.8 

75 % 
Quartile 

179 
178.1 
44.1 

5 89 .O 
8.0 

583.0 
50.0 
91.0 
1989 

2 926.0 
3 200.0 

15.0 
7 .O 

Missing 
Max. data (n) 

244 - 
186.0 - 
46.0 - 

1 300.0 288 
108.0 42 

1 293.0 439 
335.0 164 
107.0 - 
1998 - 

4 991.0 - 
5 371.0 - 

17.8 - 
10.2 - 

The binomial stepwise regression model selected three variables; nation, net depth, 
and year, which also occurred in the lognormal model. The only first order interaction 
term selected was nation with net depth. The reduction in residual deviance was 
24.6% of the null deviance. 

The relative year indices and standard errors are shown in Table 7 and Figure 3. 
Although the binomial indices show little deviation from 1.0, the lognormal indices 
peak in 1991-92, before declining to a low of 0.69 in 1997-98. The combined index 
reflects the lognormal index due to the very low proportion of zero tows. 

Figure 4 shows diagnostic plots of the lognormal model fits, with plots of residuals, 
fitted and observed values. The diagnostics suggest some departure from model 
assumptions (of normally distributed constant variance residual errors), indicating that 
the model may be inadequate. 

Table 6: Variables selected by the stepwise multiple regression algorithm for the Chatham Rise 
by order of selection, with the reduction in residual deviance as a percent of the null deviance 

Lognormal model Binomial model 
Variable % dev. Variable % dev. 
+ nation 14.1 + nation 2.9 
+ vessel power 3 1.1 + net depth 14.7 
+ day of year 33.2 +year  23.5 
+ deptwtime 35.0 + nation: net depth 24.6 
+ nation: vessel power 36.8 
+ sub-area 38.0 
+ vessel power: sub-area 39.0 
+ year 40.1 
+ nation: sub-area 41.4 
+ deptwtime: sub-area 42.0 
+ net depth 42.5 
+ depth/time: net depth 43.1 
+ nation: net depth 43.7 
+ sub-area: net depth 44.3 



Table 7: Lognormal, binomial, and combined CPUE indices for the Chatham Rise with estimated 
standard errors 

Lognormal index Binomial index Combined 
Year Index Std. Error Index Std. Error 

< 0.01 
- 

< 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 

index 
0.9 1 
1 .oo 
1.06 
1 .O4 
0.78 
0.80 
0.82 
0.69 
0.69 

Lognormal index 
Binomial index o 
Combined index A 

Fishing year 

Figure 3: Lognormal, binomial, and combined CPUE indices for the Chatham Rise, with 95% 
confidence intervals. 

Fitted values Fitted values 

Figure 4: Diagnostic plots (log scale) of the lognormal model for the Chatham Rise data (left) 
fitted values versus residuals, and (right) fitted values versus observed values. 



4.2 Estimated CPUE indices for the Sub-Antarctic 

The number of tows targeting holu on the Sub-Antarctic has fluctuated between 2000 
and 4000 since 1990-91, with the number of vessels increasing over recent years (see 
Table 3). The locations of these tows are shown as Figure 5. 

As with the Chatham Rise, the proportion of zero tows recorded has remained 
relatively constant (about 3%, range 2-10%). Table 8 provides a descriptive summary 
of the continuous variables. Tow records that have a variable with a missing value 
have been included within the descriptive summaries, but are excluded from the 
regression models. 

Table 9 shows the final stepwise regression variables selected, by order of selection, 
for the lognormal and binomial models. The residual deviance at each step is also 
shown. Six variables were selected using the lognormal stepwise regression model. 
These were nation, day of year, deptwtime, bottom depth, vessel power, and year. An 
additional five first order interaction terms were also selected; nation with day of year, 
vessel power, and bottom depth; and depthhime with day of year and bottom depth. 
The reduction in residual deviance of the final model was 43.4% of the null deviance. 
With the exception of sub-area and the switch of net depth for bottom depth, the 
Chatham Rise and Sub-Antarctic sets of data selected the same terms into the 
lognormal stepwise regression. In addition, both models explained a similar reduction 
in residual deviance. 

The binomial stepwise regression model selected four variables: nation, bottom depth, 
year, and vessel tonnage. All except vessel tonnage also occurred in the lognormal 
model. An additional three first order interaction terms were also selected; nation with 
bottom depth and vessel tonnage, and vessel tonnage with bottom depth. No difference 
was discernible between model runs with and without the deptWtime variable. The 
reduction in residual deviance was 17.4% of the null deviance. In comparison, the 
binomial model for the Chatham Rise recorded a reduction in deviance of 24.6%, with 
only two main effects and one interaction term. 

The relative year indices and standard errors are shown in Table 10 and Figure 6. The 
indices are similar for both the binomial and lognormal model, with little upward or 
downward trend discernible. The combined index reflects the lognormal index due to 
the very low proportion of zero tows. There is less evidence than with the Chatham 
Rise data of departure from model assumptions, indicating that the model may be 
more adequate (see Figure 7). However, some clustering of fitted values (due to the 
effect of the categorical variables) was observed. 



Figure 5: The location of tows on the Sub-Antarctic. 

Table 8: Descriptive summary of the continuous variables for the Sub-Antarctic data 

Variable Mean Min. 
Day of year 125.9 1 
Longitude 168.6 165.1 
Latitude 48.5 46.1 
Bottom depth 630.3 110.0 
Headline height 8.0 1.4 
Net depth 618.7 100.0 
Gear width 38.5 10.0 
Vessel length 66.9 42.0 
Vessel year built 1984 1966 
Vessel tonnage 1 965.0 232.0 
Vessel power 2 715.0 720.0 
Vessel breadth 13.0 9.0 
Vessel draft 6.6 3.4 

25 % 
Quartile 

45 
167.8 
47.7 

560.0 
3 .O 

550.0 
30.0 
60.0 
1980 

1 386.0 
2 400.0 

12.0 
5.5 

Median 
127 

168.7 
48.8 

645.0 
3 .O 

636.0 
30.0 
64.0 
1987 

1 806.0 
2 458.0 

13.0 
6.0 

75 % 
Quartile 

207 
169.3 
49.2 

712.0 
4.0 

701.0 
40.0 
68.0 
1988 

2 802.0 
2 998.0 

14.0 
7.6 

Missing 
Max. data (n) 

244 - 
171.1 - 
50.5 - 

1211.0 12 
106.0 5 9 

1 080.0 16 
200.0 83 
104.8 - 
1998 - 

4 991.0 - 
5 250.0 - 

17.8 - 
9.8 - 



Table 9: Variables selected by the stepwise multiple regression algorithm for the Sub-Antarctic 
by order of selection, with the reduction in residual deviance as a percent of the null deviance 

Lognormal model Binomial model 
Variable % dev. Variable % dev. 
+ nation 22.2 + nation 3.4 
+ day of year 28.4 + bottom depth 9.8 
+ depthhime 3 1.6 + nation: bottom depth 14.2 
+ nation: day of year 34.5 +year 15.4 
+ bottom depth 36.6 + vessel tonnage 15.9 
+ vessel power 38.4 + bottom depth: vessel tonnage 16.7 
+ nation: vessel power 40.4 + nation: vessel tonnage 17.4 
+ nation: bottom depth 41.2 
+ year 42.0 
+ deptldtime: day of year 42.8 
+ depthhime: bottotn depth 43.4 

Table 10: Lognormal, binomial, and combined CPUE indices for the Sub-Antarctic with 
estimated standard errors 

Lognormal index Binomial index Combined 
Year Index Std. Error Index Std. Error index 

Lognormal index 
Binomial index o 
Combined index A 

Fishing year 

Figure 6: Lognormal, binomial, and combined CPUE indices for the Sub-Antarctic, with 95 % 
confidence intervals. 
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Fitted values 

0 2 4 6 8 1 0  

Fitted values 

Figure 7: Diagnostic plots (log scale) of the lognormal model for the Sub-Antarctic data (left) 
fitted values versus residuals, and (right) fitted values versus observed values. 

5. Conclusions 

The yearly CPUE indices for the Chatham Rise and Sub-Antarctic show very different 
trends. The Chatham Rise model suggests a decline in recent years of the CPUE 
index, while the trend on the Sub-Antarctic has been relatively flat. For the most 
recent year estimated (1997-98) the index for the Chatham Rise is approximately 0.7 
of that in 1990-91. The Sub-Antarctic index, however, has remained relatively flat 
since 1991-92, fluctuating from 1.1 to 0.9. 

There is little objective information on which to judge the estimated yearly CPUE 
indices as a measure of the abundance of non-spawning season hoki. Residual 
diagnostics provide one method for verifying model assumptions, and can provide 
some evidence for validating that the estimated year effects are reliable. 

The diagnostic analyses for the Chatham Rise suggested that model fits may not be 
adequate and could be improved. Diagnostics for the Sub-Antarctic suggested that the 
model was more acceptable. The structure in residual errors for both areas is broadly 
similar, and suggests that alternative model structures or improvements and additions 
in the classifications and terms may improve estimated indices resulting from both 
models. In conclusion, the indices from the Chatham Rise may not be reliable, though 
there is less evidence for a similar statement regarding the Sub-Antarctic indices. 

The results of Appendix 1 indicate that the models are reasonably insensitive to 
outliers. Error checking appears to provide little benefit for these data, suggesting that 
when the volume of data is high and the proportion of error is low, data cleaning may 
have minimal impact on model fit. 
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Appendix 1: The impact of data grooming on calculated CPUE indices 

In this section, we consider the impact of data checking and validation on the 
calculation of standardised indices for non-spawning hoki on the Chatham Rise and 
Sub-Antarctic. We present indices for versions of data that (a) have had intensive error 
checking and repair (cleaned data), (b) exclude observations with out of range values 
only (range checked data), and (c) are analysed without any error checking or repair 
(raw data). 

The method for data cleaning and error checking has been described in 3 3.2. 
Lognormal stepwise multiple regression models and binomial stepwise multiple 
regression models were fitted as earlier. Combined indices were calculated using the 
method of Vignaux (1994). Descriptive summaries of the data (Tables A1-A4) 
summarise both the raw and range checked data sets. 

CPUE indices are presented for the Chatham Rise and Sub-Antarctic in Table A5, and 
shown in Figures A1 and A2. Fitted models for the Chatham Rise and Sub-Antarctic 
were similar for the three types of data. While there were occasional differences in 
model structures and estimated model coefficients, these have not been reported here. 

The similarity between CPUE indices for the Chatham Rise and the Sub-Antarctic is 
high, and almost no detectable difference between estimated year effects for either 
area or any of the data types was found. In general, generalised linear models tend to 
be sensitive to outliers and errors within the data. However, the large volume of data 
that makes up this analysis may contribute to "ironing out" these problems. A possible 
hypothesis is that data grooming may not need to be an essential requirement for the 
calculation of CPUE indices, especially for large data sets that are well maintained 
and have low levels of error. In this analysis, the high level of agreement between the 
raw, range checked, and cleaned data suggests that recording and other data errors had 
little impact on the estimated indices. 

Table A l :  Descriptive summary of the continuous (raw) data (Chatham Rise) 

Variable 
Day of year 
Longitude 
Latitude 
Bottom depth 
Headline height 
Net depth 
Gear width 
Vessel length 
Vessel year built 
Vessel tonnage 
Vessel power 
Vessel breadth 
Vessel drafi 

Mean 
12 1 .o 
176.3 
43.6 

537.6 
16.1 

524.7 
47.3 
70.6 
1983 

2 062.0 
2 694.0 

13.2 
6.3 

Min. 
1 

171.0 
42.0 

3 .O 
0.5 
2.0 
2.0 

23.8 
1956 
42.0 

224.0 
5.8 
2.4 

25 % 
Quartile 

66 
174.2 
43.0 

480.0 
3.0 

479.0 
30.0 
60.5 
1977 

974.0 
2 014.0 

11.0 
5.1 

Median 
117 

175.4 
43.8 

530.0 
4.0 

525.0 
35.0 
66.0 
1986 

1 970.0 
2 492.0 

13.0 
5.9 

75 % 
Quartile 

180 
178.1 
44.1 

589.0 
8.0 

581.0 
50.0 
91.0 
1989 

2 926.0 
3 200.0 

15.0 
7.0 

Missing 
Max. data (n) 

244 - 
186.0 - 
46.0 - 

41 010.0 160 
5 730.0 415 
1 293.0 160 
3 335.0 1 376 

107.0 - 
1998 - 

4 991.0 - 
5 371.0 - 

17.8 - 
10.2 - 



Table A2: Descriptive summary of the continuous (range checked) data (Chatham Rise) 

Variable 
Day of year 
Longitude 
Latitude 
Bottom depth 
Headline height 
Net depth 
Gear width 
Vessel length 
Vessel year built 
Vessel tonnage 
Vessel power 
Vessel breadth 
Vessel draft 

Mean 
120.9 
176.3 
43.6 

535.1 
15.2 

528.1 
47.0 
70.5 
1983 

2 062.0 
2 693.0 

13.2 
6.3 

Min. 
1 

171.0 
42.0 

100.0 
1 .o 

100.0 
4.0 

23.8 
1956 
42.0 

224.0 
5.8 
2.4 

25 % 
Quartile 

66 
174.2 
43.0 

480.0 
3.0 

480.0 
30.0 
60.5 
1977 

974.0 
2 014.0 

11.0 
5.1 

Median 
117 

175.4 
43.8 

530.0 
4.0 

526.0 
35.0 
66.0 
1986 

1 970.0 
2 492.0 

13.0 
5.9 

75 % 
Quartile 

179 
178.1 
44.1 

590.0 
8.0 

583.0 
50.0 
9 1 .O 
1989 

2 926.0 
3 200.0 

15.0 
7.0 

Table A3: Descriptive summary of the continuous (raw) data (Sub-Antarctic) 

Variable 
Day of year 
Longitude 
Latitude 
Bottom depth 
Headline height 
Net depth 
Gear width 
Vessel length 
Vessel year built 
Vessel tonnage 
Vessel power 
Vessel breadth 
Vessel draft 

Mean 
125.9 
168.6 
48.5 

632.0 
8.3 

616.7 
38.8 
66.9 
1984 

1 967.0 
2 715.0 

13.0 
6.6 

Min. 
1 

165.1 
46.1 
50.0 
0.5 
4.0 
1 .o 

42.0 
1966 

232.0 
720.0 

9.0 
3.4 

25 % 
Quartile 

45 
167.8 
47.7 

560.0 
3 .O 

548.0 
30.0 
60.0 
1980 

1 386.0 
2 400.0 

12.0 
5.5 

Median 
126 

168.7 
48.8 

645.0 
3.0 

635.0 
30.0 
64.0 
1987 

1 806.0 
2 458.0 

13.0 
6.0 

75 % 
Quartile 

207 
169.3 
49.2 

712.0 
4.0 

701.0 
40.0 
68.4 
1988 

2 802.0 
2 998.0 

14.0 
7.6 

Max. 
244 

186.0 
46.0 

1 300.0 
125.0 

1 293.0 
335.0 
107.0 
1998 

4 991.0 
5 371.0 

17.8 
10.2 

Max. 
244 

171.1 
50.5 

7 033.0 
691.0 

1 080.0 
1 210.0 

104.8 
1998 

4 991.0 
5 250.0 

17.8 
9.8 

Table A4: Descriptive summary of the continuous (range checked) data (Sub-Antarctic) 

Variable 
Day of year 
Longitude 
Latitude 
Bottom depth 
Headline height 
Net depth 
Gear width 
Vessel length 
Vessel year built 
Vessel tonnage 
Vessel power 
Vessel breadth 
Vessel draft 

Mean 
125.9 
168.6 
48.5 

629.9 
8.1 

618.0 
38.5 
66.9 
1984 

1 966.0 
2 714.0 

13.0 
6.6 

Min. 
1 

165.1 
46.1 

110.0 
1.4 

100.0 
4.0 

42.0 
1966 

232.0 
720.0 

9.0 
3.4 

25 % 
Quartile 

45 
167.8 
47.7 

560.0 
3 .O 

550.0 
30.0 
60.0 
1980 

1 386.0 
2 400.0 

12.0 
5.5 

Median 
126 

168.7 
48.8 

645 .O 
3 .O 

636.0 
30.0 
64.0 
1987 

1 806.0 
2 458.0 

13.0 
6.0 

75 % 
Quartile 

207 
169.3 
49.2 

7 12.0 
4.0 

701.0 
40.0 
68.4 
1988 

2 802.0 
2 998.0 

14.0 
7.6 

Max. 
244 

171.1 
50.5 

1211.0 
106.0 

1 080.0 
335.0 
104.8 
1998 

4 991.0 
5 250.0 

17.8 

18 

Missing 
data (n) 

- 
- 
- 

338 
505 
554 

1 433 
- 
- 
- 
- 
- 
- 

Missing 
data (n) 

- 
- 
- 

11 
63 
11 
90 
- 
- 
- 
- 
- 
- 

Missing 
data (n) 

- 
- 
- 

27 
77 
5 3 

174 
- 
- 
- 
- 
- 
- 



Table A5: Combined CPUE indices for the clean, raw and range checked data for the Chatham 
Rise and Sub-Antarctic. 

Year 
1989-90 
1990-9 1 
199 1-92 
1992-93 
1993-94 
1994-95 
1995-96 
1996-97 
1997-98 

1.25 - 

1 .oo - 

2 0.75 - 
a 
0 

0.50 - 

0.25 - 

Chatham Rise Sub-Antarctic 
Range Range 

Clean data Raw data checked Clean data Raw data checked 
0.91 0.89 0.90 - - - 
1 .OO 1 .OO 1 .OO 0.66 0.66 0.66 
1.06 1 .07 1.06 1 .OO 1 .OO 1 .OO 
1.04 1.02 1.04 0.93 0.95 0.93 
0.78 0.81 0.79 1 .04 1.06 1 .04 
0.79 0.80 0.79 1 .04 1.05 1 .04 
0.82 0.82 0.82 0.98 0.96 0.98 
0.68 0.67 0.69 1.10 1.09 1.10 
0.66 0.65 0.67 0.93 0.9 1 0.93 

Cleaned data C- C 
Raw data R .-.....- R 
Range checked data A.---.- A 

Fishing year 

Figure Al: Chatham Rise combined CPUE indices for the clean, raw, and range checked data. 

Cleaned data C- C 
Raw data R .....-.- R 
Range checked data A-.-.- A 

Fishing year 

Figure A2: Sub-Antarctic combined CPUE indices for the clean, raw, and range checked data. 


