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EXECUTIVE SUMMARY 

Dunn, A. (2001). Updated catch-per-unit-effort indices for hoki (Macruronus 
novaezelandiae) on the'west coast South Island for 1989-1990 to 1999-2000. 

New Zealand Fisheries Assessment Report 2001LS0.32 pa- 

This report updates estimates of standardised CPUE indices for the west coast South Island 
spawning hoki fishery up to the end of the 1999-2000 fishing year. I describe both the data 
and the methods of calculation of CPUE indices and compare the CPUE indices resulting 
from analysis of sub-groups of the available data. 

The sets of indices derived from the subgroup CPUE analyses each display different trends in 
catch rates 'from the west coast fishery. The indices derived from the fdlet core vessels climb 
from 1990 to 1994, drop in 1995, and then show a trend of increase to 2000, with indications of a 
large degree of variation. CPUE indices derived for the dressed core vessels climb from 1990 to' 
1992, drop consistently until 1995, and then show a strong increasing trend until 2000. Indices 
for the surimi core-vessels appeared to show a general decline since 1991, although they 
appeared to be flat during the period between 1992 and 1998. 

In general, the models developed were unable to capture the extremes in catch rate observed 
in the fishery. The predictive models generally under-estimated the observed catches at the 
upper extreme of the observed range of catches, while over-estimating the catch from trawls 
at the lower range. In all cases model fits were poor and suggested serious departure from 
model assumptions (i.e., normally distributed constant variance residual errors), indicating 
that the model structure may be inadequate to reliably determine the indices. There were 
considerable differences in some of the indices derived from different sets of catch effort data. 
No data were available that allowed an assessment of relative degree of confidence in the 
CPUE indices as indices of abundance. In addition, operational issues specific to the west 
coast South Island fishery may prevent the calculated CPUE indices from being indices of 
abundance. 



1. INTRODUCTION 

Hoki (Macncronus novaezelandiae) is the most abundant commercial fish species in New 
Zealand waters and have been New Zealand's largest fishery for many years. In recent years, 
catches have been in the region of 200 000-250 000 t per year (Annala et al. 2000). W e  
managed as a single stock, hoki have been assessed as two stocks - western and eastern 
(Annala et al. 2000), although the stock structure of hoki is still not fully understood (Ballara 
et al. 2000). The current hypothesis of stock structure suggests that there are two main 
spawning grounds, west coast South Island and Cook Strait; primarily supported by mature 
fish fiom the Sub-Antarctic (western stock) and Chatham Rise (eastern stock) respectively 
(Livingston 1990, Livingston et al. 1992), The bulk of the juvenile biomass is found on the 
Chatham Rise, where juveniles from both spawning stocks mix and subsequently recruit, as 
they approach sexual maturity, to their respective stocks (Livingston & Schofield 1997). 
Large spawning fisheries for hoki occur on the west coast of the South Island and in Cook 
Strait during the winter months. Lesser, non-spawning fisheries occur for the remainder of the 
year both on the Chatham Rise and in the Sub-Antarctic. Only a small proportion of the total 
catch is taken outside these regions. 

Standardised CPUE indices of abundance have previously been calculated for the hoki fishery 
based on spawning aggregations of hoki off the west coast of the South Island and in Cook 
Strait (1998a, 2000, Ballara et al. 1997, 1998b, Langley et al. 2001, Vignaux 1993, 1994), 
and, more recently, for non-spawning season hoki in the Chatham Rise and Sub-Antarctic 
fisheries @unn & Harley 1999, Langley et al. 2001). Langley et aL (2001) updated CPUE 
indices for hoki in each of the four fisheries using an improved methodology, where they 
estimated the CPUE indices from subgroups of the data (i.e., "core" vessels). We employ 
similar methods to Langley et al. (2001), although we exclude Fishery Statistics Unit data 
from 1986-87 to 1988-89 and include TCEPR data for 1999-2000 as the base set o'f data 
within the analysis. We attempt the calculation of indices for the west coast South Island 
fishery only, and do not present analyses for the. Chatham Rise, Sub-Antarctic, or Cook Strait 
fisheries. The areal boundary of the west coast South Island fishery assumed for this analysis 
is shown in Figure 1. 

This report provides standardised CPUE indices for the west coast South Island hoki fishery 
up to the end of the 1999-2000 fishing year. We employ lognormal generalised linear models, 
described by Vignaux (1994), and hence generate standardised CPUE indices, as described by 
Gavaris (1980). This report fulfils Objective 1 of Ministry of Fisheries Project HOK2000-01, 
"To update the standardised CPUE analysis for hoki, by inclusion of data up to the end of the 
1999-2000 fishing year". 

2. METHODS 

2.1 Data selection and definition of the fishery 

The analyses of catch effort data use the individual tow records recorded in the Ministry of 
Fisheries Trawl Catch Effort Processing Return (TCEPR) database. An extract of all tows 
(342 523) that recorded hoki as the target species within the New Zealand EEZ between the 
1989-90 and 1999-2000 fishing years was provided by the Ministry of Fisheries Information 
Management Group. Vessel registration data, recorded for all vessels present within the 
extracted TCEPR forms were obtained, and matched with individual TCEPR tow records for 
each year using the Ministry of Fisheries anonymous vessel key number. 

This analysis considered the data within the west coast South Island spawning hoki fishery 
only. Definitions of the temporal and areal boundaries for this fishery are given below. 



Figure 1: Areal boundaries of the west coast South Island hoki fishery within the New Zealand 
EEZ. 

Individual tow records were assigned to the west coast South Island hoki fishery based on the 
location and month of each tow. Records were either retained or excluded from further 
analysis based on the following criteria. 

The latitude and longitude of the start of each tow were inside the area defined as being the 
west coast South Island. 
The tow was conducted during the 1989-90 to 1999-2000 fishing years inclusive. 
The month of each tow was from June to October inclusive (defined as the spawning 
season). 

The areal boundaries of the west coast South Island fishery are shown in Figure 1. The 
number of tows extracted for the west coast South Island for each fishing year are shown in 
Table 1. The definitions for the areal boundaries and time periods used in the analyses were 
based on those derived by Langley et al. (2001). 

The west coast South Island fishery has a winter fishing season that often extends into 
October - overlapping the start of the next fishing year. We assigned tows conducted during 
October to the previous fishing year to maintain the continuity of data within each of the 
respective fishing seasons. Hence, for all presented tables and analyses (except for Table I), 



the fishing year is described as the calendar year within which the bulk of the spawning 
season fishing falls, i.e., the year 1999 denotes the fishing year 1998-99, as the spawning 
season for that fishing year occurs primarily in the calendar year 1999. 

In addition to the tow data extracted from the TCEPR database, and vessel details, Daily 
Processing Summary (DPS) data were extracted from the TCEPR database for each day of 
fishing by vessels targeting andlor catching hoki for 1990 to 2000. These data include the 
total green weight of hoki processed to each gazetted process state code. For each fishing 
year, the total catch of hoki processed into each of the main product types was determined for 
each vessel from the DPS section of the TCEPR. Four main product types were identified, 
surirni, dressed (head-and-gut), fillet, and all other (predominately unprocessed or "green"). 
Individual tow records for that vessel in that year were assigned to the main processing 
category determined for each vessel in each year. 

Table 1: Numbers of tows extracted and retained by the respective selection criteria, by fshing 
year for the west coast South Island hoki f~hery.  

Tows within Tows with Tows 
Fishing Extracted defined Vessels with CPUE without 
Year tows period Unique tows >_ 10 tows calculated error ' 
1989-90 
1990-91 
199 1-92 
1992-93 
1993-94 
1994-95 
1995-96 
1996-97 
1997-98 
1998-99 
1999-2000 
Total 

1. Hence, data available for further analysis. 

2.2 Description of the variables 

The information extracted for each tow included time, location, catch details, and fishing gear 
parameters. Additional variables were calculated from the variables provided in the TCEPR 
data. Most of the variables are self-explanatory; variables, variable types, and descriptions are 
surnmarised in Table 2. 

The measure of CPUE was based on the "core vessel" analysis of Langley et al. (2001) and 
was defined as the total hoki catch per tow (CPUE) in tomes. 

The start locations of each tow were recorded as longitude and latitude, rounded to the nearest 
minute. The recorded start date of the tow was used to determine the year and season of the 
tow. Start time of the tow was determined from the recorded start, and was assumed to be 
recorded as GMT+12 hours. No correction has been made for tows that may have been 
recorded in New Zealand Daylight Time. 

Season was calculated as the difference in days between the mid-season peak date in each 
year (see Table 2) and the date of the tow (this variable was described by Langley et al. 
(2001) as day of year). The variables, sunrise and sunset, were included as a possible 
explanatory term to account for diurnal changes in catchability over the fishing season at 
various longitudes and latitudes. The time of tow relative to the time of sunrise and sunset 



was determined for each record in the data set based on the date and start location of each 
tow. Estimates of the sunrise and sunset time at the tow location and tow date were made 
using an algorithm from Meeus (1998). 

Similarly, variables moon cycle and moon intensity were included as possible explanatory 
terms to account for changes in catchability over the fishing season at various longitudes and 
latitudes with changes in the lunar cycle. The relative phase (0-1) of the moon (moon cycle) 
was determined for each record in the data set based on the start date and start location of 
each tow, using an algorithm from Meeus (1998). This was subsequently transformed into an 
estimate of relative moon light intensity (moon intensity), using a simple sin transformation. 

Table 2: Types and descriptions of the variables used to model CPUE (calculated variables are 
distinguished from provided data by *). 

Variable 

CPUE* . 

Longitude 
Latitude 
Year* 
Season 
Start time 
Finish time 
Duration * 
Sub-area * 
Bottom depth 
Headline height 
Net height* 
Net depth 
Sunrise * 
Sunset* 
Moon intensity* 
Moon cycle* 
Gear type 
Gear width 
Speed 
Vessel 
Processing type* 
Experience * 

TnJe 
Continuous 
Continuous 
Continuous 
Categorical 
Continuous 
Continuous 
Continuous 
Continuous 
Categorical 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Categorical 
Continuous 
Continuous 
Categorical 
Categorical 
Continuous 

Description 

CPUE measured in kilograms of hoki caught per tow 
Longitude in decimal degrees at the start of the tow 
Latitude in decimal degrees at the start of the tow 
Calendar year 
Number of days from the mid season peak 
Time of day at the start of the tow 
Time of day at the end of the tow 
Duration of the tow in hours 
Sub-area (Hokitika Canyon, Central, North) 
Depth in metres of the seafloor at the start of the tow 
Headline height in metres of the net at the start of the tow 
Height in metres of the net above the sea floor at the start of the tow 
Depth in metres of the groundrope at the start of the tow 
The start time of the tow relative to the time of the sunrise 
The start time of the tow relative to the time of the sunset 
Sin transformation of moon cycle, with range 0-1 
Cycle of the moon (new to old), with range 0-1 
Type of trawl, either rnidwater or bottom trawl 
Width of the net doors at time of tow 
Recorded speed (in knots) of the vessel at the start of the tow 
Unique vessel code 
Computed processing type of each vessel in each year 
Number of years that each vessel had participated in the fishery, 
since 1990 

Tow duration was calculated as the difference (in hours) between the recorded start time and 
finish time. Tow distance was calculated as the product of duration and speed of the tow. 

Langley et al. (2001) defined sub-areas based on subjective assessment of the geographical 
distribution of fishing effort, the general bathymetry of the area, and areal trends in catch rate 
for the west coast South Island. They defined three sub-areas for the west coast South Island; 
Hokitika Canyon (south of 42" 24's). Central (between 42" 24's and 41" 42'S), and North 
(north of 41" 42's). 

Gear type records the nature of the gear used, either midwater or bottom trawl gear. No data 
are available on the use of twin- or triple-rigged trawl nets, though anecdotal evidence 
suggests that few vessels are using such gear. Bottom depth is the depth of the seafloor 
recorded at the start of the tow in metres. Headline height records the net headline height 
above the net groundrope during the tow, while gear width records the spread of the wings of 
the net during the tow. Net depth records the depth of the groundrope of the net at the start of 
the tow. Vessel characteristics were ignored, and a single categorical variable, vessel was 
used to standardise between individual vessels. In addition, the new variable experience was 



introduced. This recorded the number of years an individual vessel had fished on the west 
coast South Island fishery in each year since 1990, irrespective of the processing type of the 
vessel. 

Daily Processing Summary data recorded with TCEPR data were also extracted for each day 
of fishing by vessels targeting hoki for the 1990 to 2000 fishing years, as described earlier. 
Hence, the primary processing .Qpe of each vessel, for each-fishing year, was determined. The 
actual licensed processing type of each vessel, as recorded by the Ministry of Fisheries, was 
ignored. 

2.3 Error checking and data cleaning 

In general, catch effort data often contain a large amount of error, most commonly in the form 
of invalid codes, missing, or implausible values. Data were checked for error, using simple 
checking and imputation algorithms, before further analysis. This process of checking, 
validating, and cleaning these data is described below. Table 1 shows the number of records 
for each fishery that were extracted, the numbers of tows that meet the criteria for inclusion 
within the analysis, and the numbers of tows available for further analysis. 

Range checks were defined for each attribute to identify outliers in the data. The error checks 
are shown in Table 3. The range checks were determined from an exploratory analysis of the 
data from each fishery by Langley et al. (2001) and were reported as being generally 
consistent with error checking procedures used in earlier analyses of hoki catch effort data 
(1998a, Ballara et al. 1997,1998b, Dunn & Harley 1999, Vignaux 1993,1994). 

Vessel details were checked separately for all vessels recorded in the individual tow records 
for each year. The vessel data were checked for consiste'ncy, and where there was more than 
one set of values for an attribute for an individual vessel, the data were examined and 
appropriately. corrected. Records with no vessel key data were excluded from further analysis. 

Tow locations were investigated and, where possible, errors were corrected using median 
imputation. All tows for each vessel on each fishing day where the startlfinish latitude or 
startlfdsh longitude was more than one degree different than the median stadfmish latitude 
or startlfmish longitude for that vessel on that day were replaced with the median startlfmish 
latitude or startlfmish longitude. 

Tows where the net depth was recorded as being greater than the bottom depth had these two 
fields transposed. Tow speed, net depth, bottom depth, and headline height were investigated 
and corrected using mean imputation, using an algorithm similar to that for the tow locations 
above. All tows for each vessel on each fishing day where the variable was missing or invalid, 
were replaced with the mean value of that variable for that subset of tows. 

No attempt was made to correct duration, as there was often more than one interpretation as 
errors in values recorded for the start and finish time of tow. Similarly, no attempt was made 
to correct distance or the recorded catch. 

Many of the vessels operating in the hoki fishery either participate in the fishery throughout 
the year or are dedicated to fishing for hoki for a considerable period during the year. 
However, for each year, a small number of catch effort records exist for vessels completing a 
limited number of tows in a specific fishery. These records may have been assigned to the 
incorrect fishery due to an error in the tow location or represent sporadic fishing effort by 
individual vessels with limited experience in the fishery. On this basis, the tow records for 
vessels completing less than 10 tows in a fishery during a specific fishing year were excluded 
from the catch effort data (see Table 1). In addition, second and subsequent duplicate tow 



entries were excluded, where duplicates were defined as beiig tows from the same vessel on 
the same date at the same time. Similarly, 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. These records accounted for only a small proportion of all the extracted catch effort 
records. 

Table 3: Error checks and range checks used for the west coast South Island f~hery  data. 

Error description 

Duration I 0 or > 12 hours 
Speed c 2.5 or > 6.5 knots 
Bottom depth c 250 m or > 900 m 
Net depth < 250 m or > 900 m 
Gear type was midwater tow & headline height < 10 m or > 100 m 
Gear type was bottom tow and headline height > 10 m 
Difference between net depth and bottom depth > 250 m 
Gear type was bottom tow and the difference between net depth and bottom depth > 50 m 
Distance I 0 or > 60 nautical miles 
Hoki catch > 200 t in fishing years in 1989-90 and 1990-91, or > 100 t in fishing years after 1990-91 
Hoki catch > total catch 

2.4 Definition of core vessels 

Catch effort data were analysed by Langley et al. (2001) for 1986-87 to 1998-99 using two 
general approaches; (a) data were analysed using methods similar to that employed in 
previous years (base analysis), and (b) using methods based on subsets of the data (sub-group 
analysis) following the recommendations of Quinn II & Sullivan (1999). I update the west 
coast South Island CPUE indices presented by Langley et al. (2001) for (b) only, i.e., 
consider the sub-group analysis of "core" vessels. 

The individual vessel coefficients derived from a CPUE model are more likely to reflect the 
relative fishing power of individual vessels than using a proxy for fishing performance such 
as the nationality of the vessel or the vessel's power rating. However, in developing a CPUE 
model based on the performance of individual vessels, it is necessary to ensure that the CPUE 
data set includes a sufficient number of records to reliably determine the vessel coefficient for 
an individual vessel. Further, these data should be distributed over a number of years so that 
the resulting vessel coefficients are not unduly influenced by the performance of the fishery in 
a particular year and, thereby, strongly alias the individual year effect. 

There have been a large proportion of the fleet who participated in the fishery over the study 
period. However, many of these vessels have been involved only for a limited period (1-3 
years), or conducted only a limited number of tows. We defied; for each fishery, a core 

' 

group of vessels in which each vessel in the core group has participated within the fishery for 
some minimum qualifying period, in a manner similar to that of Langley et al. (2001). Hence, 
we defined a "core vessels" data set for each fishery that comprises only those tows 
associated with core vessels, where core vessels were defined as those that had participated in 
at least 5 fishing years in that fishery and had recorded a minimum of 10 tows in that fishery 
in each of those years and at least 100 tows since 1990. 

For the west coast South Island fishery, the core vessels were split into sub-groups of the 
surimi core vessels, dressed core vessels, and fillet core vessels in a manner similar to that of 
Langley et al. (2001). These sub-groups were defined from the processing type of each vessel. 
Exploratory analysis suggested that there were significant differences in the fishing strategies 
between vessels of the three largest processing types. For example, surimi vessels conducted 
tows of longer duration and yielded larger catches than either the dressed and fillet vessels, 



and different annual trends in tow duration and mean catch size were also evident between the 
dressed and fillet vessels. 

Exploratory analysis suggested that the relationship between. tow catch rate, gear 
characteristics (i.e., net-depth, bottom depth, and headline height), and other explanatory 
variables (e.g., start time and season) differed substantially between midwater and bottom 
tows. Therefore, the parameterisation of these variables within a simple model would likely 
be inadequate to describe the catch rate of the two methods combined. Hence, analysis was 
restricted to data from midwater trawls only. 

2.5 Model structure 

Estimates of relative year effects were obtained from a stepwise multiple regression method 
in which the data were modelled using a lognormal generalised linear model. A forward 
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 term year as the initial model. The reduction in residual deviance 
relative to the null deviance (denoted r2) is calculated for each single term added to the base 
model. The term that results in the greatest reduction in residual deviance is added to the base 
model if this would result in an improvement in the residual deviance of more than 0.5%. The 
algorithm then repeats this process, updating the base model, until no new terms can be 
added. A stopping rule of 0.5% change in residual deviance was employed as this resulted in a 
relatively parsimonious model with moderate explanatory power. Alternative stopping rules 
were not investigated, although Dunn & Harley (1999) reported that less conservative 
stopping rules tended to result in models with a greater number of terms with only small 
changes in the estimated relative year effects. 

Previous analyses (1998a, Ballara et al. 1997, 1998b, Dunn & Harley 1999, Vignaux 1993, 
1994) used the combined binomiaVlognorma1 model as proposed by Vignaux (1993, 1994). 
However, as the proportion of zero tows in the west coast South Island data was small (see 
Table 4). the contribution of the binomial component is likely to be negligible. Hence zero 
catch tows were excluded from further analysis. 

Model fits were investigated using standard residual diagnostics, and, for each model, plots of 
model residuals and fitted values were investigated for evidence of departure from model 
assumptions. In addition, plots of the expected catch rate resulting from the models for each 
of the explanatory variables fitted to the model are shown in Appendix A. 

3. RESULTS 

The west coast South Island hoki fishery is conducted during June-October off the northern 
west coast of the South Island. The fishery developed from the early 1980s and increased 
rapidly following an increase in the TACC in 1986 (Ballara et al. 2000). The number of tows 
targeting hoki on the west coast South Island has fluctuated between about 6000 and 9000 
since the late 1980s (Table 4). There was a reduction from about 8000 to 7000 tows from 
1998 to 1999. Catch reduced from 107 000 t in 1998 to 95 500 t in 1999. The number of zero 
tows has remained low, at 4.2% overall and ranging between 2.3 and 7.0% in each year. Table 
4 shows the number of tows by year, the number of tows that targeted hoki, number of 
midwater tows, and the number of non-zero tows for each year fiom 1990 to 2000. In recent 
years, there has been an considerable increase in target hoki fishing by vessels less than 43 m 
in length inside the exclusion zone (Ballara et al. 2000); 43 m is the maximum length of a 
vessel that is not excluded from fishing within the 25 nautical mile exclusion zone on the west 



coastt. The inclusion of these data in previous analyses has considerably influenced the CPUE 
indices derived for the more recent years (Ballara et al. 2000). It is not known if the indices 
for vessels over 43 m in length are a "better" index of abundance for the west coast South 
Island fishery, but Ballara et al. (2000) considered the indices resulting from their inclusion to 
be less credible. We ignore vessels with vessel length of 43 m and less, and hence restrict the 
analysis of the west coast South Island fishery to tows from vessels of vessel length greater 
than 43 m. 

Table 4: Number of tows, hoki target tows, hoki target midwater tows, tows without error in 
explanatory variables, non-zero tows, and core vessel tows by year and type, for the west coast 
South Island fshery. 

Year 

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

A tota 

tows tows tows 

8277 8079 6939 
8 543 8 392 7 036 
6 549 6 264 5 436 
7406 7044 5402 
9191 8941 7524 
8 695 8 402 7 078 
7 172 7 077 5 493 
8610 8454 7045 
8143 8061 6794 
7 178 6996 5 273 
7 093 6 864 5 022 

86 857 84 574 69 042 

error catch 

6 762 6447 
6 773 6408 
5 042 4692 
5 116 4656 
7 102 6397 
6662 5913 
4 767 4 340 
5550 5041 
5 972 5 667 
4 188 4028 
3 844 3 767 

61 778 57 356 

All 

1 900 
875 
348 
365 
472 
381 
380 
362 
393 
150 
3 1 

5 657 

Hoki Mid- Tows Non- 
All target water without zero . Surimi vessels Dressed vessels Fillet vessels 

Core All Core All Core 

11 of 189 vessels participated in the west coast fishery between 1990 and 2000. Analysis 
of the core vessel data was based on the 39 vessels that participated in the fishery for at least 5 
fishing years since 1990. Data from the west coast hoki fishery was dominated by tows using 
midwater gear, and these accounted for about threequarters of all tows since 1990. The 
number of tows for each of the vessel types, by year, is given in Table 4. 

As described in the methods above, CPUE models were estimated for three sub-groups of the 
west coast South Island fishery core vessels; surimi core vessels, dressed core (i.e., head-and- 
gut) vessels, and fillet core vessels. Only main effect models were considered. The data are 
described below, and model estimates for the surimi, dressed, and fillet core vessel analyses 
are also described. Descriptive plots and tables for all vessels, and each of the three groups of 
core vessels are given in Appendix A as Tables Al-A15 and Figures A1-A3. 

3.1 Surimi core vessels 

Surimi vessels dominated the west coast fishery during the early years (1986-87 to 1989-90) 
(Kendrick 1999), but the number of these vessels participating in the fishery has since 
declined. The reduced fleet of surimi vessels continues to operate in the fishery, with only six 
vessels participating in the fishery for at least five of the years since 1990 (see Appendix A, 
Tables A447).  

The surimi core vessels accounted for most of the tows conducted by all surirni vessels, with 
about 250-450 tows annually between 1990 and 1998. In 1999, this declined to 150 tows, and 
further declined in 2000, to only one vessel with 31 tows (Figure Al). The surirni core vessels 

Note, however, that one vessel over 43 m has been granted special dispensation to fish inside the 
exclusion zone. We treat this vessel as all other vessels over 43 m. 



fished on the west coast South Island between June and September, with most of the effort 
concentrated during July and August. Only limited fishing occurred during September, with 
none in October. Since 1997, there has been a steady decline in the number of tows recorded 
before July. In 1992 and 1993, only a few tows were recorded after July - possibly 
attributable to the early departure of the surirni vessels to the southern blue whiting fishery in 
those years (G. Patchell, pers. comm). . 

Since 1990, there was a trend of increasing headline height of midwater tows, increasing from 
a median of about 50 m to 70 m in 1990. The net depth increased from about 400 m to 500 m 
between 1990, but was shallower (with less variance) in subsequent years. The median tow 
duration has stayed relatively constant at about 6 hours over all years, and the median catch 
per tow has fluctuated around 30 t per tow. Most fishing was located near the Hokitika 
Canyon. 

3.2 Dressed core vessels 

After 1990, the west coast South Island fleet was dominated by vessels processing hoki in the 
dressed state. About 20 to 40 dressed vessels operated in the fishery in most years, with 
between 4 and 22 of these comprising the core fleet (see Appendix A, Tables A8-All). 

The proportion of tows recorded by dressed core vessels in the dressed vessel fleet had 
increased from only 8% in 1990 to about two-thirds of tows in recent years. The dressed 
vessels recorded most of their fishing effort during July-August, with only limited fishing in 
June or October. Since 1990 there has been a decline in the proportion of tows conducted in 
July and a corresponding increase in the proportion of tows conducted during August and 
September (Figure A2). 

Recorded headline height increased from about 50 m in 1990 to about 60 m in 1993, and then 
remained constant at about 50 m subsequently. The median tow duration also decreased from 
about 4.4 hours per tow in 1990 to between 2.8 and 3.7 hours per tow in recent years. The 
median rates of catch per tow recorded were generally comparable to the trend in tow 
duration; increasing up until 1992, decreasing until 1995, then increasing again. The most 
recent year suggests a drop in the catch per tow to about 8 t per tow in 2000. 

3.3 Fillet core vessels 

Since 1990, between 9 .and 20 fillet vessels operated in the fishery in each year. A number of 
New Zealand registered fillet vessels entered the fishery in 1996-97, increasing the total fleet 
to about 20 vessels in recent years. A core group of 11 vessels had recorded tows in at least 
five years (see Appendix A, Tables A12-A15). 

The fillet core vessels accounted for most (30-100%) of the recorded tows of all fillet vessels 
between 1990 and 2000. However, as new vessels entered the fishery in the recent years, the 
proportion of tows recorded by the core vessels fell to less than 40% in 2000. Most fishing 
was recorded in July to August. Since 1991, there has been a steady increase in the proportion 
of the number of tows recorded during August and, to a lesser extent, during September - 
with a corresponding decline during July (Figure A3). 

The median headline height remained relatively constant (between 40 and 50 m) up to 1995. 
Since then, median headline height steadily increased to between 75 and 80 m in 1999 and 
2000. The median tow duration has remained relatively constant at about 4 hours over all 
years. Median catch per tow for these vessels remained constant at about 8-10 t per tow. 



3.4 Catch-per-unit-effort indices 

For each of the sub-groups, the resulting models included as main effects the variables vessel, 
season, year, and either sunrise or sunset. For the surimi models, tow duration, net depth, and 
longitude were also included. The models returned an overall 8 of 47%, 31%, and 27%, for 
the surimi, dressed, and fillet core vessels data sets respectively. 

CPUE model fits for surimi, dressed, and fillet core vessels are given in Table 5. Diagnostic 
plots of the model fits are given in Appendix A, Figures A4-A6. Model estimates of CPUE 
indices are given in Table 6 and are plotted in Figure 2. 

Within the surimi models, comparison of the vessel coefficients suggested that the relative 
fishing power of the different vessels was very similar, with expected catch rates ranging 
between about 50 and 80 t per tow (see Figure A7 in Appendix A) In contrast, vessel 
coefficients from both the dressed (5 to 30 t per tow, see Figure A8 in Appendix A) and fillet 
models (7 to 23 t per tow, see Figure A9 in Appendix A) indicated greater variation in the 
relative fishing power between vessels. 

The estimated coefficients for season differed in location, but not shape, between the 
processing types. For the surirni core vessels, predicted season peak occurred in late July, and 
may relate to the dominance of data in the surimi core vessel data from earlier years. The later 
season peaks predicted for the fillet model (early August) and dressed model (mid August) are 
consistent with a high proportion of the fillet and dressed data sets comprising of data from 
more recent fishing years. 

All the models include a variable that aliases the time of the tow, either expressed as sunrise 
or sunset. However, for all three data sets the diurnal trend in catch rate was comparable, with 
highest catch rates occurring from tows commencing about 2-3 hrs after sunrise (roughly 
equivalent to 9 hrs before sunset, although this depends on the time of year). Catch rates 
decline through the afternoon to reach a minimum around midnight. The diurnal trend in 
catch for the fillet data set has slightly more contrast than the relationship derived from the 
surimi data set. This may relate to the longer tow duration of surimi vessels that may mask 
this effect. (See Figures A7-A9 in Appendix). 

The tow duration was also included as a significant variable in the models for the surimi core 
vessels, with model coefficients showing increasing catch rate with tow duration. Duration 
was not a factor for either dressed or fillet core vessels. 

Table 5: Variables selected, by order of selection, for the surimi core, dressed core vessel, and 
fillet core vessel models for the west coast South Island fishery. 

Surimi model Dressed model Fillet model 
Order Variable r2 Variable r2 Variable r ' 
1 Year 3.6 Year 
2 Season 40.7 Season 
3 Duration 42.5 Vessel 
4 Vessel 44.0 Sunset 
5 Sunrise 45.1 
6 Net depth 46.3 
7 Longitude 46.9 

4.1 Year 3 .O 
18.6 Season 15.7 
27.4 Sunrise 21.4 
30.8 Vessel 26.4 

Net depth 27.0 



Table 6: Relative year effects (and 95% c ~ ~ d e n c e  intervals), by year, for surirni core vessel, 
dressed core vessel, and fillet core vessel models for the west coast South Island fshery. 

Year 

1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

Dressed Fillet 

1.00 - 1.00 - 
1.38 (1.19-1.60) 1.06 (0.91-1.23) 
1.60 (1.37-1.87) 1.27 (1.08-1.50) 
1.33 (1.15-1.54) - 1.32 (1.13-1.52) 
1.11 (0.97-1.28) 1.24 (1.08-1.43) 
0.85 (0.74-0.98) 0.74 (0.644.85) 
0.95 (0.82-1.09) 1.15 (1.00-1.33) 
1.04 (0.90-1.19) 0.91 (0.79-1.06) 
1.25 (1.09-1.43) 1.28 (1.1 1-1.49) 
1.35 (1.17-1.56) 1.19 (1.02-1.39) 
1.63 (1.41-1.88) 1.40 (1.19-1.64) 

a) Surirni core vessels 
2.0 I 

Year 

c Fillet core vessels 

I 

Year 

20 (b) Dressed core vessels 

Year 

Figure 2: Relative indices (scaled to have mean 1) of the mimi,  dressed, and ffflet core vessel 
analyses, for the west coast South Island f~hery. Approximate 95% confrdence intervals are 
shown as vertical lines. 

The new variable employed in this analysis, experience, was not a significant factor in any of 
these analyses, although in all cases it would be the next significant variable added to the 
models - if the criteria for inclusion were less conservative. 

None of the models represented a good fit to the available data. Model diagnostics were poor 
and showed strong evidence of poor fit. Diagnostic plots for each of the three models are 
shown as Figures APA6 in Appendix A.. There are also some consistent trends observed in 



the residuals. For example, the residuals from the surimi model suggest that catch from tows 
early in the season during the earlier years of the time-series may be underestimated. 

As found by Langley et al. (2001), the indices estimated from each of the core vessel models 
differ - particularly the surirni series when compared with either the fillet or dressed series. 
Without the inclusion of FSU data, the dressed and fillet core vessel indices appear to show 
similar trends. 

Figure A10 in Appendix A compares the indices calculated by Langley et al. (2001) with 
those presented in this report. There are only subtle differences detectable for the years where 
the two sets of indices overlap in the case of the dressed and fillet analyses. More 
considerable differences are discernible in the surimi analysis, but the loss of data, due to the 
definition of core vessels between the two analyses, is the most likely explanation for the 
difference. 

4. CONCLUSIONS 

The sets of indices derived from the sub-group CPUE analyses each display different trends in 
catch rates for the west coast South Island fishery. The indices derived from the fillet core vessels 
climb from 1990 to 1994, drop in 1995, and then show a trend of increase to 2000, with 
indications of a large degree of variation. CPUE indices derived for the dressed core vessels 
climb from 1990 to 1992, drop consistently until 1995, and then show a strong increasing trend 
until 2000. Indices for the surimi core vessels appeared to show a general decline since 1991, 
although they appeared to be flat during the period between 1992 and 1998. 

Over the period investigated, there were several obvious changes in the fleet composition and 
behaviour that may have influenced the trends in the CPUE indices. These factors include the 
introduction of new vessels into the fishing fleet between 1992 and 1994. 

The distribution of fishing effort by the dressed and fillet core vessels was variable between 
years. Between 1992 and 1995, fishing effort was concentrated in the northern grounds. 
Otherwise, fishing appeared more concentrated in the southern area of the grounds. In contrast, 
the geographic distribution of fishing effort by the surimi fleet was mainly concentrated around 
the Hokitika Canyon through that period. 

Interpretation of how fishers operate within the fishery suggests that the surimi core fleet data 
may provide the better CPUE indices for the west coast South Island. However, due to the small 
and declining number of vessels operating in the surimi fleet, the indices are determined from a 
relatively limited number of trawls, particularly in the most recent year where only 3 1 tows from 
one vessel were available to the analysis. Consequently, the indices may be poorly determined. 
Further, due to the unbalanced structure of the data, the parameters estimated in the CPUE model 

- are likely to be highly influenced by the catch effort data from the earlier years of the time series 
as this period accounts for a significant proportion of the data. This may introduce a significant 
bias to the latter indices in the time series. 

The lower level of fishing effort in 1992 by surimi vessels is combined with a low catch rate 
from the fishery during the year. The magnitude of the fall in the indices in 199 1-92 suggest that 
they reflect aspects other than a change in abundance. There is some evidence that surirni vessels 
divert to the southern blue whiting fishery when catch rates fiom the hoki fishery are uneconomic 
(G. Patchell, pers. com). Hence, the early departure of these vessels has the potential to confound 
the CPUE indices, particularly if the surimi vessels did not remain in the fishery throughout the 
main peak in the hoki season. The residual diagnostics from the surimi models may indicate a 
later start to the 1992 season than in previous years and an early departure of vessels from the 
fishery. 



It is unknown whether differences in the distribution of fishing effort between years by the 
different vessels in the fishing fleet reflect differences in fishing strategy or in fish abundance on 
the grounds. The former proposition would contradict the assumptions of the analysis, i.e., that a 
constant proportion of the biomass on the grounds was vulnerable to the fishing effort each year. 
However, this would also apply if the spatial distribution of the hoki varied substantially between 
years, while the distribution of fishing effort remained relatively constant - as observed for the 
surimi vessels. The CPUE analyses are restricted to the area beyond the 25 nautical mile 
exclusion zone on the west coast, and a significant and potentially variable proportion of the hoki 
biomass is ~mavailable to the component of the fleet considered in these analyses. 

It is difficult to confirm the calculated CPUE indices as indices of abundance for the west coast 
South Island fishery by any external information. Strong year classes that were believed to.enter 
the fishery in the mid 1990s may be reflected in estimated CPUE indices for both the fillet and 
dressed vessel analyses. AS noted by Langley et al. (2001), more advanced modelling approaches 
need to be examined to improve the analysis. 
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Appendix A: Descriptive tables and supplementary figures 

Table Al: Number of non-zero target hoki midwater tows, vessels, median tow duration, catch per tow, and catch per hour for all vessels, by year. 
Year Total 

1990 1991 1992 1993 1994 1995 , 1 9 9 6  1997 1998 1999 2000 

Number vessels 67 65 58 52 52 54 50 57 52 44 40 189 
Total catch (t) 137 828 106 442 82 030 76 077 93 293 65 616 52 229 62 595 80052 54 586 59 147 869 895 
Number of tows 6 447 6408 4 692 4 656 6 397 5 913 4 340 5 041 5 667 4028 3 767 57 356 
Median tow duration (hr) 4.2 4.0 3.6 3.2 3.0 3.5 3.5 4.0 3.7 3.2 3 .O 3.6 
Median catch per tow (t) 10.0 10.0 12.0 11.7 9.0 5.0 6.89 7.0 10.0 10.0 13.0 9.8 
Median catch per hour (tfhr) 2.6 2.5 3.6 4.1 3.2 1.7 1.9 1.8 2.7 3.1 4.0 2.7 

Table A2: Number of non-zero target hoki midwater tows for all vessels by month and year. 
Year 

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 

June 323 217 139 105 157 178 108 155 236 186 270 
July 3 639 3 363 2 301 1913 1829 1689 1330 1438 1878 1334 1241 
August 2418 2782 2238 2399 3697. 2939 2204 3099 3153 2186 1972 
September 67 46 14 235 714 1103 698 347 386 321 284 
October 0 0 0 4 0 4 0 2 14 1 0 
Total 6 447 6408 4692 4 656 6 397 5 913 4 340 5 041 5 667 4028 3 767 

Table A3: Number of non-zero target hoki midwater tows for all vessels by sub-area and year. 
Year 

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 

Hokitika Canyon 3 426 2 896 2202 847 1239 1 853 2 156 1876 2 321 2 138 1454 
Central 2 582 1310 602 613 1554 2597 1923 1 155 2 067 985 1261 
North 439 2202 1888 3 196 3 604 1463 261 2010 1279 905 1052 
Total 6447 6408 4692 4656 6397 5913 4340 5041 5667 4028 3767 



Table A4: Number of non-zero target hoki midwater tows, vessels, median tow duration, catch per tow, and catch per hour for all surimi vessels and for surimi core 
vessels, by year. 

Year Total 
1990 1991 1992 1993 1994 1995- 1996 1997 1998 

All vessels 
Number vessels 
Total catch (t) 
Number of tows 
Median tow duration (hr) 
Median catch per tow (t) 
Median catch per hour (t/hr) 
Core vessels 
Number vessels 
Percent of tows (%) 
Total catch (t) 
Number of tows 
Median tow duration (hr) 
Median catch per tow (t) 
Median catch per hour (t/hr) 

Table AS: Number of non-zero target hoki midwater tows for individual surimi core vessels (labelled A-F) by year. 
Vessel 

A 
B 
C 
D 
E 
F 
Total 

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

139 101 44 0 138 98 118 55 114 0 0 
0 63 22 19 26 5 1 0 0 0 0 0 
0 71 17 14 ' 28 40 78 102 79 69 0 

61 6 1 38 . 39 0 44 64 66 55 38 3 1 
112 96 84 11 1 90 93 120 99 88 0 0 
57 73 34 75 75 55 0 40 57 43 0 

369 465 239 258 357 381 380 362 393 150 3 1 



Table A6: Number of non-zero target hoki midwater tows for surimi core vessels by month and year. 
Year Total 

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 

June 
July 
August 
September 
October 
Total 

Table A7: Number of non-zero target hoki midwater tows for surimi core vessels by sub-area and year. 
Year Total 

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

Hokitika Canyon 
Central 
North 
Total 



Table A8: Number of non-zero target hoki midwater tows, vessels, median tow duration, catch per tow, and catch per hour for all dressed vessels and for dressed 
core vessels, by year. 

All vessels 
Number vessels 
Total catch (t) 
Number of tows 
Median tow duration (hr) 
Median catch per tow (t) 
Median catch per hour (tlhr) 
Core vessels 
Number vessels 
Percent of tows (9%) 
Total catch (t) 
Number of tows 
Median tow duration (hr) 
Median catch per tow (t) 
Median catch per hour (tlhr) 

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



Table A9: Number of non-zero target hoki midwater tows for individual dressed core vessels (labelled A-V) by year. 
Vessel Year Total 

A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
0 
P 
Q 
R 
S 
T 
u 
v 
Total 

Table A10: Number of non-zero target hoki midwater tows for dressed core vessels by month and year. 
Year Total 

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 

June 
July 
August 
September 
October 
Total 



Table A l l :  Number of non-zero target hoki midwater tows for dressed core vessels by sub-area and year. 
Year Total 

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 

Hokitika Canyon 
Central 
North 
Total 

Table A12: Number of non-zero target hoki midwater tows, vessels, median tow duration, catch per tow, and catch per hour for all fillet vessels and for fillet core 
vessels, by year. 

All vessels 
Number vessels 
Total catch (t) 
Number of tows 
Median tow duration (hr) 
Median catch per tow (t) 
Median catch per hour (tlhr) 
Core vessels 
Number vessels 
Percent of tows (%) 
Total catch (t) 
Number of tows 
Median tow duration (hr) 
Median catch per tow (t) 
Median catch per hour (tlhr) 

Year Total 
1990 1992 1993 1994 1995 1996 1997 1998 1999 2000 



Table A13: Number of non-zero target hoki midwater tows for individual fillet core vessels (labelled A-K) by year. 
Vessel Year 

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 

A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
Total 

Table A14: Number of non-zero target hoki midwater tows for fillet core vessels by month and year. 
Year 

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 

June 
July 
August 
September 
October 
Total 

Table A15: Number of non-zero target hoki midwater tows for fillet core vessels by sub-area and year. 
Year 

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 

Hokitika Canyon 
Central 
North 
Total 

Total 

337 
1 006 

638 
1 533 

5 19 
701 
74 1 

1 170 
469 
723 
972 

8 809 

Total 

273 
2 814 
4 989 

733 
0 

8 809 

Total 

3 537 
2 609 
2 663 
8 809 
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Figure Al:  Distribution plots of density of non-zero tows for the main variables for all target hoki 
midwater tows for surimi vessels for 1989-90 to 1999-2000. Approximate densities are plotted by 
year, with horizontal lines indicating the upper quartile, median, and lower quartile respectively. 
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Figure A2: Distribution plots of density of non-zero tows for the main variables for all target hoki 
midwater tows for dressed vessels for 1989-90 to 1999-2000. Approximate densities are plotted 
by year, with horizontal lines indicating the upper quartile, median, and lower quartile 
respectively. 
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Figure A3: Distribution plots of density of non-zero tows for the main variables for all target hoki 
midwater tows for fillet vessels for 1989-90 to 1999-2000. Approximate densities are plotted by 
year, with horizontal lines indicating the upper quartile, median and lower quartile respectively. 
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Figure A4: Distribution of the linear predictor (fitted values) against residuals and normalised 
residuals against standardied residuals for the surimi core vessels model for the west coast South 
Island. 
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Figure AS: Distribution of the linear predictor (fitted values) against residuals and normalised 
residuals against standardised residuals for the dressed core vessels model for the west coast 
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Figure A6: Distribution of the linear predictor (fitted values) against residuals and normalised 
residuals against standardised residuals for the fillet core vessels model for the west coast South 
Island. 
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Figure A7: Expected catch rates (t per tow) for median values of fixed parameters for the surimi 
core vessels model (Year = 1992, Season = 0, Duration = 6.75, Vessel = "B", Sunrise = 5.6, Net 
depth = 430, Longitude = 170.3"E). 
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Figure AS: wetted catch rates (t per tow) for median values of fixed parameters for the dressed 
core vessels model (Year = 1994, Season = 0, Vessel = "O", Sunset = -6.4). 
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Figure A9: Expected catch rates (t per tow) for median values of fured parameters for the fillet 
core vessels model (Year = 1996, Season = 0, Sunrise = 5.9, Vessel = "I", Net depth = 418). 
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Figure A10: Relative indices (scded to have mean 1 for the years 1990 to 1999) of the surimi, 
dressed, and fillet core vessel analyses, for the west coast South Island fishery (filled circles), and 
the equivalent indices from Langley et al. (2001) (open circles). 


