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EXECUTIVE SUMMARY 

Dnnn, A. (2002). Updated catch-per-dt-effort indices for hoki (Macruronus 
novaezelandiae) on the west coast South Island, Cook Strait, Chatham Rise, and 
sub-Antarctic for the years 1990 to 2001. 

New Zealand Fisheries Assessment Report ZOOZW. 51 p. 

This report updates estimates of standardised CPUE indices for the west coast South Island 
and Cook Strait spawning hold fisheries, and the Chatham Rise and sub-Antarctic non- 
spawning hoki fisheries up to the end of 2001. Indices were calculated using l o g n m l  
models of catch per tow for sub-groups of vessels. This report describes both the data and the 
methods of calculation of CPUE indices, and briefly compares the CPUE indices resulting 
from analysis of sub-groups of the available data. 

For the west coast South Island spa* fishery, the indices derived h m t h e  GUet core vessels 
climb h m  1990 to 1994, drop in 1995, and then show a trend of increase to 2000 (and a large 
degree of variation), before dropping in 2001. The indices for the dressed core vessels climb 
timu 1990 to 1992, drop until 1995, then increase until 2000. The index for 2001 also shows a 
sharp decline. Indices forthe surimi core vessels were calculated up to 1998 only, due to the lack 
of data in more recent years. 

The indices for the Cook Strait spawning fishery suggest a stable, or slightly decreasing, trend m 
abundance since 1993. There is no sirong indication of a decline in 2001. The indices for the 
Chatham Rise f i shy  suggmted a continuous decline m abundance since the early 1990s, while 
the indices for the sub-Antarctic suggest a steeper decline. 

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 wen. poor and suggested serious d e p e e  fiom model 
assumptions (i.e., normally distiiited constant variance residual ETRUS), indicating that the 
model structure may be inadequate to reliably determine the indices. There were considerable 
differences in some of the indices derived fiom different sets of catch effort data. 

Acoustic and trawl data for the fisheries allow some comparison with the CPUE indices of 
abundance, if issues of timing and the relative selectivity are ignored. The acoustic indices for 
the west coast South Island and Cook Strait show little evidence of a relationship with the 
respective CPUE indices. The biomass indices derived from the trawl survey series for the 
Chatham Rise are strongly correlated with the CPUE indices for both the core vessels and 
fillet core vessels analysis; all series suggest a decline in abundance since the early 1990s. 
However, the decline in recent years is steeper for the trawl survey series than for the CPUE 
indices. The biomass indices derived ern the trawl survey series for the sub-Antarctic are 
correlated, to a lesser extent, with the CPUE indices for fillet m e  vessels analysis; both series 
suggest a decline in abundance since the early 1990s. However, the decline in recent years is 
steeper for the trawl ~ e y  series than for the CPUE iillet core vessels indices. 



1. INTRODUCTION 

Hoki (Mamrronur novaezelandiae) is the most abundant commercial fish species in New 
Zealand waters and has 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 ( h d a  et al. 2001). Although 
managed as a single stock, hoki have been assessed as two stocks - western and eastern 
(Annala et al. 2001), though the stock structure of hoki is still not fully understood @allam et 
al. 2000). The current hypothesis of stock structure suggests that there are two main spawning 
grounds, west coast South lsland and Cook Strait, primarily rmpported by mature fish from 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 finm both spawning stocks mix and subsequently recnrif 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. 

This report presents standardised CPUE indices for the west coast South Island and Cook 
Strait spawning hoki fisheries up to the end of the 2001 calendar year, and the Chatham Rise 
and sub-Antarctic non-spawning fisheries up to the .end of the 2000-01 fishing year. 
Estimates of the CPUE indices are calculated using lognormal generalised linear models, 
described by Vignaux (1994), using methods described by Gavaris (1980). 

Standardised CPUE indices of abundance have previously been calculated for the hoki fishery 
based on spawning aggregations of hoki off the west coast South Island and in Cook Strait 
(Vignaux 1993, 1994, Ballae et al. 1997, 199% 1998b, 2000, Duun 2001, Langley et al. 
2001), and, more recently, for non-spawning season hoki in the Chatham Rise and sub- 
Antarctic fisheries (thmn & Harley 1999, Langley et al. 2001). Langley e t  d (2001) 
recalculated CPUE indices for hoki in each of the four fisheries up to the end of 1999 using an 
improved methodology, where they estimated the CPUE indices &om sub-groups of the data 
(i.e., "core" vessels). The estimates of Langley et al. (2001) were updated, for the west coast 
South kland fishery only, by Dunn (2001) up to the end of 2000. This report employs similar 
methods to Langley et al. (2001), but excludes Fishery Statistics Unit data fbm 1986-87 to 
1988-89 and includes all TCEF'R data up to the end of 2001. Updated indices are presented 
for the west coast South Island, Cook Strait, Chatham Rise, and sub-Antarctic fisheries. The 
areal boundaries of the f6ur fisheries assumed for this analysis are shown in Figure 1. 

This report fulfils Objective 1 of Ministry of Fisheries Project HOK2001106, 'To update the 
standardised CPUE analysis for hoki, by inclusion of data up tothe end of the 2 0 W 1  fishing 
year". 

2. METHODS 

2.1 Data selection and definition of the fisheries 

The analyses of catch effort data use the individual tow records recorded in the Ministrv of 
~isheries-~rawl Catch Effort Processing Return (TCEF'R) database. An exbct of all iows 
(369 547) that recorded hold as the target species or that cauebt hoki within the New Zealand 
EEZ between 1 October 1989 and 31 Cec&nber 2001 (althoigh records were incomplete for 
November and December 2001) was provided by the Ministry of Fisheries Information 
Management Group. Vessel regiskation 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. 



Figure 1: Areal boundaries of the west coast South Island, Cook Strait, Chatham Rise, and the 
sub-Antarctic hoki fisheries within the New Zealand EEZ. - 

Individual tow records were assigned to the four main hold fisheries based on the location and 
month of each tow. Records were retained or excluded fiom further analysis based on the 
following criteria. 

The latitude and longitude of the start of each tow were inside the area defined as being 
either the west coast South Island, Cook Strait, Chatham Rise, or sub-Antarctic. 

a The tow was conducted during the 1990 to 2001 calendar years inclusive, for west coast 
South Island and Cook Strait, or 1989-90 to 200041 fishing years for the Chatham Rise, 
or 1990-91 to 200041 fishing years for the sub-Antarctic. 

0 The tow occurred during June to October for the west coast South Island and Cook Strait 
(and defined as the spawning season), and from October to June inclusive for the 
Chatham Rise and sub-Antarctic (and defined as the non-spawning season). 

The numbers of tows extracted for each fishing year are shown in Table 1. The definitions for 
the areal boundaries used in the analyses were based on those derived by Langley et al. 
(2001). However, the areal boundary for the Cook Strait region was modified to exclude the 
northeast coast of the South Island. This analysis excludes, as did the analysis of Langley et 
al. (2001), hoki catch data south of about 51" S eom the sub-Antarctic fishery. 



The TCEPR data contain a total of about 370 000 tows that either targeted hoki or recorded a 
hoki catch between 1 October 1989 and 31 December 2001, with between 160 000 t and 
250 000 t of hob caught annually. The largest proportion of the catch is h m  the west coast 
South Island during the spawning season (49%), with 14% during the spawning season in 
Cook Strait (and another 1% during the non-spawning season). The second largest fishery is 
the Chatham Rise (22%) with over 90% of this catch recorded during the non-spawning 
season. The sub-Antarctic fishery accounts for about 11% of the total catch (80% of this 
during the non-spawning season). About 3% of the total hoki caught and recorded on TCEPR 
forms is outside the four fisheries, mostly on the east coast of the North Island during the 
summer. About 0.5% of all catch cannot be allocated to an area because of errors in the 
recorded tow latitude or longitude. 

Table 1: Number of tow records extracted by fishing year and area for 1989-90 to 200041. 

Fishing West coast 
Yea South Island 

1989-90 8 063 
1990-91 8 190 
1991-92 6 202 
1992-93 7 038 
199s94 8 531 
1994-95 7 998 
19996 .' 6767 
1996-97 8 174 
1997-98 8044 
1998-99 7 154 
1999-00 7 356 
2000-01 8 355 
Total 91 872 

Cook Strait CbathamRise 

1075 3 306 
2 083 5 640 
1 660 8 500 
1 694 8 489 
2 157 6 030 
2 981 9 185 
6 243 10 649 
6 266 i2 124 
3 839 15 869 
3 466 14 684 
3 037 12 928 
2 596 12 211 
37 097 119615 

Sub- 
Antarctic Other 

3 492 2 221 
5 121 3 894 
6 874 4 042 
6 263 3 062 
3 248 4 750 
3 138 3 886 
3 641 5 596 
4 962 6 615 
4 968 6 052 
4 228 . 6014 
5 670 7 174 
5 946 6 664 
57 551 59 970 

Total 

18 157 
24 928 
27 278 
26 546 
24 716 
27 188 
32 896 
38 141 
38 772 
35 546 
36 165 
35 772 
366 105 

In addition to the tow data extracted i?om the TCEPR database, and vessel details, Daily 
Processing Summary (DPS) data were extracted fiom the TCEPR database for each day of 
fishing by vessels targeting andlor catching hoki for 1989-90 to 2000-01. The number of 
records extracted is shown in Table 2. These data include the total green weight of hoki 
processed to each gazetted process state code. For each year, the total catch of hold processed 
into each of the main product types was determined for each vessel h m  the DPS section of 
the TCEPR Four main product types were identified. surimi, dressed (head-and-gut), filIet, 
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. 

The remainder of this report uses the convention that the label used to denote the year of each 
record is defined as the most recent calendar year within each fishing year for the non- 
spawning fisheries (Chatham Rise and sub-Antarctic), or the calendar year for the spawning 
fishaies (west coast South Island and Cook Strait). For example, the fishing year 1 October 
2000 to 30 September 2001 is denoted by 2001 for the Chatham Rise and sub-Antarctic, and 
the calendar year 1 January 2001 to 31 December 2001 is denoted by 2001 for the west coast 
South Island and Cook Strait. 



Thble 2: Number of DPS records' extracted by fishing year and area for 1989-90 to 2000-01. 

Fishing West co& Sub- 
Year South Island Cook Strait ChathamRise Antarctic Other Total 
1989-90 5 617 75 1 523 1656 1 084 9 955 
1990-91 6 168 90 2 805 2 664 1705 13 432 
1991-92 4 966 26 3 887 3 647 1595 - 14 121 
1992-93 4 011 34 3 740 3 137 1 109 12 031 
199?-94 . 6 569 48 3 176 2 097 1619 13 509 
1994-95 6 904 83 5 167 2 265 1 146 15 565 
199596 6 105 291 6 097 2 430 1910 16 833 
199697 8 030 608 7 324 3 836 1983 21 781 
1997-98 8 660 761 11 598 4 376 2 857 28 252 
199S99 8 405 1 096 13 940 4 265 3 198 30 904 
1999-00 8 987 495 12 476 6 131 5 122 33 211 
2000-01 9 209 485 12 389 6 778 6553 ' 35 414 
Total 83 631 4 092 84 122 43 282 29 881 245 GQ8 

1. Note that an individual vessel can kcord multiple records for each day, and that thc processing 
categories recorded by a vessel on each day need not be unique. 

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 ire 
s d s e d  in Table 3. 

For the west coast South Island and Cook Strait spawning fisheries, seuson was calculated as 
the difference in days between the mid-season peak date in each year (see Table 3) and the 
date of the tow (this variable was described by Langley et al. (2001) as day of year). Season 
was defined as the number of days since the beginning of the non-spawning season for the 
Chatham Rise and sub-Antarctic non-spawning fisheries. 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 fiomMeeus (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 &om Meeus (1998). This was subsequently transformed into an 
estimate of relative moon light intensity (moon intensify), using a simple sine transformation 

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 andspeed of the tow. 

Langley et al. (2001) defined sub-areus based on subjective assessment of the geographical 
dislnhtion of fishing effort, the general bathym* of each area, and areal bends in catch 
rate. 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%). This 
analysis complements these sub-areas with the fow areas defined fiom the acoustic survey 
strata used for the west coast South Island (i.e., strata 1 & 2,4,5a and 5b, 6 and 7, see Figure 
2). 



Table 3: Tpes  and descriptions of the variables used to model CPUE (calculated variables are 
distinguished from provided data by *). 
Variable Type Description 

CPUE* Continuous CPUE measured inkilograms of hoki caught per tow 
Longitude Continuous Longitude m decimal degrees at the start of the tow 
Latitude Continuous Latitude in decimal degrees at the start of the tow 
Year* Categorical Calendar year 
Season Continuous Number of days hmthe mid season peak (spawning M e s )  or 

the since the start of the season (non-spawning fishaies) 
Start time Continuous Time of day at the start of the tow 
Finish time Continuous Time of day at the end of the tow 
Duration * Continuous Dumtion of the tow in horn 
Sub-aren * Categorical Sub-m (see later for definitions) 
Bottom depth Continuous Depth m metres of the seafloor at the start of the tow 
Headline height Continuous Headline height in metns of the net at the start of the tow 
Net height* Continuous Height in metres of the net above the sea floor at the start of the tow 
Net depth Continuous Depth in metres of the gromdrope at the sht of the tow 
Sunrise* Continuous The start time of the tow relative to the time of the sumise 
Sunset* Continuous The start time of the tow relative to the time of the sunset 
Moon intensiv* Continuous Sin transformation of moon cycle, with range 0-1 
Moon cycle* Continuous Cycle of the moon (new to old), with range 0-1 
Gear type Categorical Type of trawl, either midwater or bottom trawl 
Gem w'dfh Continuous Width of the net doors at time of tow 
Speed Continuous Recorded speed (in knots) of the vessel at the start of the tow 
Vessel Categorical Unigue vessel code 
Processing type* ~ate~orical computed type of each vessel in each year 
Exuen'ence* Continuous Number of years that each vessel had participated in the fishery, 

since 1983 (west coast SouthIsland), in 19% (all other fisheries) 

The sub-areas for the Chatham Rise and sub-Antarctic are based on those defined by Langley 
et al. (2001) and those subsequently derived by Phillips (2002) in the analysis of catch effort 
data h the hake fishery. As for the west coast South Island, these areas were based on 
subjective assessment of the geographical distribution of fishing effort, catch rates, and the 
general bathymetry of the each area. No sub-areas were defined for Cook Strait. The regions 
and sub-areus (where defined) in the four Weries, together with the locations of hoki catch 
over the periods defined for each fishery, are shown in Figure 2. 

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 kawl nets, though anecdotal evidence 
suggests that only few vessels were using such gear before 2000. Some anecdotal evidence 
exists for increased use of such gear in more recent years, but such tows cannot be identified 
fiom the recorded catch effort data. 

Daily Processing Summary data recorded with TCEPR data were also extracted for each day 
of fishing by vessels catching hoki for 1990 to 2000, as described earlier. Hence, the primary 
processing type of each vessel, for each fishing year, was determined. The ac-1 licensed 
processing type of each vessel, as recorded by the Ministry of Fisheries, was ignored. 



1 

Figure 2: The four fisheries, sub-areas, acoustic strata boundaries on the west coast South Island, 
and the position of non-zero catches witbin each fwhery for years 1990-2001 (midwater tows for 
the west coast South bland md Cook Strait, and bottom tows for the Chatham Rise) or 1991- 
2001 (bottom tows, subAntarctic). 

2.3 Error checking and data cleaning 

In general, catch effort data often contain a large amount 6f error, most commonly in &e form 
of invalid codes, and missing or implausible values. Data were checked for error, using 
simple checking and imputation algorithms, before M e r  analysis. This process of checking, 
validating, and cleaning these data is described below. 

h u g e  checks were dehned for each atiribute to identiQ outliers in the data. The error checks 
for each of the four fisheries are described below in Table 4. The range checks were 
determined itom an exploratory analysis of the data fiom each fishery by Langley et al. 
(2001) and Duxm (2001) and were reported as being generally consistent with error checking 
procedures used in earlier analyses of hoki catch effort data (Vignaux 1993, 1994, Ballara et 
al. 1997,1998a, 1998b, Dunn & Harley 1999), althoughless intensive. 

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

Tow locations were investigated and, where possible, errors were corrected using median 
imputation. AU tows for each vessel on each fishing day where the startlfinish latitude or 
start/finish longitude was more than one degree different fiom the median start/hish latitude 
or startlfinish longitude for that vessel on that day were replaced with the median stadfinish 
latitude or start/finish longitude. 



Table 4: Error range checks used for the west coast South Island, Cook Strait, Chatham Rfse and 
sub-Antarctic. 

Fishery Error description 

West coast Distance < 0 or > 100 kilometns 
South Island Duration < 0 or > 12 hours 

Speed < 2.5 or > 6.5 hots  
Bottom depth < 250 m or > 900 m 
Net depth < 250 m or > 900 m 
Gear type was mid- tow and headline height < 10 m or > 100 m 
Gear type was bottom tow and headline height > 10 m 
Geariypewasmidwatestowandgearwidlh<30mor>160m 

Cook Simit 

Chathilm 
Rise 

Sub- 
Antarctic 

Gear &$e was bottom tow and width < 10 m or > 70 m 
Gear type was bottom tow and the difference between net and bottom depth > 50 m 
Hoki catch > 200 t 

Distance < 0 or > 100 kilometres 
Duration < 0 or > 5 hours 
Speed < 2.5 or > 6.5 knots 
Bottom depth < 100 m or > 900 m 
Netdepth< 100mor>900m 
Gear type was midwater tow and headline height < 10 m or > 100 m 
Gear type was bottom tow and headline height > 10 m 
Gear type was midwater tow and gear width < 30 m or > 160 m 
Gear type was bottom tow and gear width < 10 m or > 70 m 
Gem type was bottom tow and the difference between net and bottom depth > 50 m 
Hoki catch > 80 t 

Dirtance < 0 or > 100 kilometres 
Duration < 0 or > 12 hours 
Speed < 2.5 or > 6.5 hots  
Bottom depth < 200 m or > 1000 m 
Net depth < 200 m or > 1000 m 
Gear type was midwater tow and headline height < 10 m or > 100 m 
Gear type was bottom tow and headline height > 10 m 
Geartypewasmidwtertowandgemwidth<30mor> l6Om 
Gemtypewasbottomtowandgenrwidfh<10mor~70m 
Gear type was bottom tow and the difference between net and bottom depth > 50 m 
Hoki catch> 80 t 

Distance < 0 or > 100 kilometses 
Duration < 0 or > 12 hours 
Speed < 2.5 or > 6.5 hots  
Bottom depth < 200 m or > 1000 m 
Net depth < 2M) m or > 1000 m 
Gear type was midwater tow and headine height < 10 m or > 100 m 
Gear type was bottom tow and headline height > 10 m 
Gear type was midwates tow and gear width < 30 m or > 160 m 
Gear type was bottom tow and gear width < 10 m or > 70 m 
Gear type was bottom tow and the difference between net and bottom depth > 50 m 
Hoki catch > 80 t 

Tows where the net depth was recorded as being greater than the bottom depth had these two 
fields transposed. Tow speed, net depth, and bottom depth were investigated and corrected 
using median 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 median value of that variable for that subset of tows. Variables with values 



missing or invalid after this process were set to median values for that variable over all 
vessels and all years. 

Gear width and headline height were investigated as above, and corrected using median 
imputation, using an algorithm similar to that for the tow locations above -except that all 
midwater and bottom tows for each vessel in each fishing year, where the variable was 
missing or invalid, were replaced with the median value of that variable for that subset of 
tows. Variables with values missing or invalid after this process were set to median values for 
that variable over all vessels and all years. 

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, other than range checks -detded 
earlier. Similarly, no attempt was made to correct distance or the recorded hoki catch, other 
than range checks detailed earlier. 

2.4 Definition of core vessels and zero tows 

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, in each year, a small number of catch effort records exist for vessels completing a 
limited number of tows in a specific fishay. These records may have been assigned to the 
incorrect fishery due to an error in the tow location, or may 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 year, or completed less 
than 100 tows in al l  years were excluded f?om the catch effort data. Similarly, tows for which 
CPUE could not be calculated (as the catch information was not available for that record) 
were excluded. These records accounted for only a very small proportion of all the extracted 
catch effort records; 0.06% for the west coast South Island, 0.15% for Cook Strait, 0.09% for 
the Chatham Rise, and 0.04% for the sub-Antarctic. Further, for this analysis, we define zero 
tows as those tows that caught either no hoki, or some negligible amount, and hence define 
zero tows as those tows that recorded a hoki catch of less than 0.15 t. 

Catch effort data were analysed by Langley et al. (2001) for 1986-87 to 1998-99 using two 
general approaches: (a) data were analysed king methods similar to that employed in 
previous yem (see Ballara et al. 2000), and @) using methods based on subsets of the data 
(subgroup analysis) following the recommendations of Quinn I1 & Sullivan (1999). This 
report updates the west coast South Island CPUE indices presented by Langley et al. (2001) 
and D m  (2001) for @) only, i.e., the ~ub-~rrhp analysis of "core" vessels. Indices for the 
Cook Strait, Chatham =e, and sub-Antarctic are updated using the core vessels analysis 
descriid by Langley et al. (2001). Core vessels are defined below. 

A large proportion of the fleet that participated in the fishery over the study period have been 
involved only for a limited period or conducted only a limited number of tows. Core vessels 
are defined, for each fishery, as those which have participated in the fishery for some 
minimum quahfying period. This is similar to the definition used by Langley et al. (2001). 
Hence, the core vessels data set for each fishery comprises only those tows associated with 
core vessels. Specijically, core vessels were defined as those that had participated for at least 
3 years (for the west coast South Island), 7 years (Cook Strait), or 5 years (the non-spawning 
fisheries) and had recorded a minimum of 10 tows in each of those years and at least 100 tows 
since 1990. The choice of 3 qualifying years for the west coast South Island differs kom the 
definition used by Langley et al. (2001) or Dunn (2001); they used a qualifying period of 5 
years. 



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 CF'UE 
model based on the performance of individual vessels, it is necessary to ensure that the CPUE 
data set includes a &cient 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. 

For the west c& 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 
descnid by Langley et al. (2001). These sub-groups were defined from the processing type 
of each vessel. Exploratory analysis suggested that there were sigdcant differences in the 
fishing strategies between vessels of the tbree 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 &tion and mean catch size were also 
evident between the dressed and fillet vessels. Further, vessels of length less than 43 m were 
excluded from the core vessels on the west coast South Island. Hence the data, and any 
resulting indices, represent vessels fishing outside the 25 nautical mile restricted line on the 
west coast South Island. Only a few vessels (with a limited number of tows) were assigned to 
the surimi core vessels for the west coast South Island after 1998. We exclude all data for the 
surimi core vessel data after 1998 in the CPUE models below. 

Langley et al. (2001) dehed core &sek for the Chatham Rise and sub-Antarctic as those 
vessels that had a minimum qualifymg period and minimum number of tows, as descriied 
above, and had a processing type of "fillet". I define Chatham Rise and sub-Antarctic core 
vessels as all qwkfymg vessels, irrespective of processing type. Further I define fillet core 
vessels as core vessels with a processing code of fillet. 

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. It is likely that a single parameterisation of these variables within a simple model would 
be inadequate to deswibe the catch rate of the two methods combined In addition, most tows 
within each area were predominately either midwater or bottom tows. For example, 80% of 
all tows and 90% of all hold caught were from midwater tows on the west coast South Island. 
Similarly, for Cook Strait, the equivalent numbers were 83% of tows and 90% of total catch. 
For the Chatham Rise and sub-Antarctic, most tows were bottom tows (83% of tows and 81% 
of catch for the Chatham Rise, and 92% of tows and 91% of catch for the sub-Antarctic). 
Hence, analysis was restricted to data fiom midwater trawls only for the spawning fishaies 
(west coast South Island and Cook Strait), or bottom tows only for the non-spawning fisheries 
(Chatham Rise and sub-Antarctic). 

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 2) 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 1%. The 
algorithm then repeats this process, updating the base model, until no new terms can be 



added. A stopping rule of 1% 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 (Viguaux 1993, 1994, Ballara et al. 1997, 1998% 1998b, D m  & Harley 
1999) used the combined binomiaYlognormal model as proposed by Viguaux (1993, 1994). 
However, as the pmportion of zero tows in the west coast South Island, Cook Stmit, and sub- 
Antarctic data was small (about 2.4, 2.0, and 5.5% respectively), the contribution fiom the 
binomial component is likely to be negligible. The proportion of zero tows on the Chatham 
Rise was higher (10.1%), but is likely to have only a small 'effect on the combined.indices. 
Hence zero catch tows were excluded h m  the CPUE models. 

The model indices are using a canonical form. Model fits were investigated using 
standard residual diagnostics, and, for each model, plots of model residuals and fitted values 
were investigated for evidence of d e p a e  h m  model assumptions. In addition, plots of the 
expected catch rate resulting fiom the models for each ofthe explanatory variables fitted to 
the model are shown in Appendices A-D. 

3. RESULTS 

3.1 . West coast South Island spawning fishery 

The west coast South Island hoki fishery is conducted almost exclusively during June- 
October off the northern west coast of the South Island. The fishery developed fiom 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 
6500 and 9000 since the late 1980s (Langley et al. 2001). The number of zero tows has 
remained low, with only abou't 1-2% of midwater tows recotding a zero catch Table 5 shows 
the number of tows by year, the number of tows that targeted hold, number of midwater tows, 
and the number of non-zero midwater tows for each year from 1990 to 2001. 

A total of 231 vessels fished on the west coait South Island between 1990 and 2001 that 
recorded a positive catch of hoki h m  a midwater tow. Analysis of the core vessel data was 
based on 91 of these vessels that participated in the fishery for at least 3 fishing years since 
1990. The number of tows for each of the core vessel types, by year, is given inTable 5. 

As desmid  earlier, 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 A1-A4 and Figures A1-A3. 

3.1.1 Surimi core vessels 

Surimi vessels dominated the west coast South Island fishery during the early years (1986-87 
to 1989-90) (KendTick 1999, Langley et al. 2001), but the number of these vessels 
participating in the fishery has declined markedly. A much reduced fleet of smimi vessels 
continues to operate in the fishery, with only 16 vessels participating in the fishery for at least 
three of the years since 1990 (Appendix A, Table A2). Only one such vessel operated in the 



fishery in 2000 and 2001 seasons, recording 43 midwata tows in 2000 and only 8 midwater 
tows in 2001. 

Table 5: Number of tows, hold target tows, hold target midwater tows, non-zero tows, and core 
vessel tows by year and type, for the west coast South Island fishery 1990-2001. 

Year 

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

Hoki 
All target 

tows . tows 

Mid- 
water 
tows 

6 773 
6 727 
5 180 
5 257 
7 030 
6 630 
5 163 
6 744 
6 712 
5 247 
5 276 
5 874 
72 613 

- ~- 

zero ~ v e s s e l s  
catch All Core 

Dressed vessels 
All Core 

Fillet vessels 
All Core 

1339 1339 
1975 1830 
1396 1396 
2160 ,2160 
2 250 2 245 
1534 1534 
1891 1891 
1915 1912 
'2 270 2 270 
2439 2439 
3 320 2 652 
3 360 2509 
25 849 24 177 

The surimi core vessels accounted for most of the tows conducted by all surimi vessels, with 
about 140-750 tows annually between 1990 &d 1998. In 1999, this had declined to 150 tows, 
and further declined in 2001 to only one vessel with 8 tows (Appendix A, Figure Al). 

Most of the effort recorded by surimi core vessels was concentrated during July and August. 
Very limited fishing was recorded 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 
surimi vessels to the southem blue whiting fishery in those years (G. Patchell, Sealord Group 
Ltd., pen. comm.). 

Since 1990, there was a trend of increasing headline height of midwater tows, increasing fro& 
a median of about 50 m to 70 m in 1990. The net depth increased from about 400 m to 500 m 
in 1990, but was shallower (with less variation) 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 30-50 t per tow. 

3.1.2 Dressed core vessels 

After 1990, the west coast South Island fleet was dominated by vessels processing hoki in the 
dressed state &angley et al. 2001); dressed vessels account for about 43% of all catch oi the 
west coast South Island. Between 20 and 40 dressed vessels operated in the fishery in most 
years, with between 10 and 32 core vessels operating annually (Appendix A, Table A3). 

The proportion of tows recorded by dressed core vessels in the dressed fleet had increased 
from about a third in 1990 to about more than two-thirds in more recent years. Most of the 
fishing effort was during July and August, with very limited fishing in June or October 
(Appendix A, Figure A2). 

The. recorded headline height decreased in the mid 1990s, but has since increased back to a 
median of about 60 m. The median catch rate has fluctuated between 5 and 14 t per tow, 



declining in the mid 1990s, and increasing up to 2000. In 2001, the median catch rate again 
declined from 11.3 tper tow to 7.5 t per tow. 

3.1.3 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 31 vessels had recorded tows in at least 
three years (Appendix A, Table A3). Fillet vessels have accounted for about 25% of all hoki 
catch onthe west coast South Island since 1990. 

The fillet core vessels recorded almost all (94%) tows fiom fillet vessels between 1990 and 
2001. Most fishing was recorded dwing July and 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, dwing September - with a corresponding decline during June and July (Appendix A, 
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 3-4 hours over all 
years. Median catch per tow for these vessels declined from 1990 to 1995, and increased tin 
recent years. There was only a small decline (from 12 to 11 t per tow) from2000 to 2001. 

3.1.4 Catch-per-uniteffort indices 

'For each of the three west coast South Island vessel sub-groups, the resulting models 
included, as main effects, the variables vessel, season, year, and either sunrise or start time. 
For the surimi models, tow longitude was also included. The models retum6d an overall 2 of 
43%, 32%, and 30%, for the surimi core;dressed, and fillet vessel data sets respectively. 
CPUE model fits for surimi core, dressed, and fillet vessels are given in Table 6. Diagnostic 
plots of the model fits are given in Appendix A, Figures A4-A6. Model estimates of CPUE 
indices are given in Table 7 and are plotted in Figure 3. 

The estimates of vessel coefficients for the surimi model suggested that the relative fishing 
. power of the different vessels was similar, with expected catch rates ranging between about 

40 and 100 t per tow (Appendix A, Figure A7) In contrast, vessel coefficients h m  both the 
dressed (5 to 35 t per tow, Appendix A, Figure A8) and fillet models (5 to 40 t per tow, 
Appendix A, Figure A9) indicated greater variation in the relative fishing power between 
vessels. In general, the vessel coefficient for the dressed and Nlet vessels decreased for 
vessels with less recorded effort in the fisheries, although there was much greater variation 
from dressed vessels with relatively small amounts of total recorded effort. 

The estimated coefficients for semon were similar between the three vessel sub-groups, 
showing a consistent pattern of increasing catch rates up to the peak season, before declining 
to zero at about 60 days after the peak season. 

All the models include a variable that aliases the time of the tow, either expressed as sunrise 
or start time. However, for all tbree data sets the diurnal kend in catch rate was comparable, 
with highest catch rates occurring from tows commencing about 2-3 hours after sunrise 
(roughly equivalent to 0600 h., although this depends on the time of year). Catch rates decline 
throbgh 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 be related to the longer tow duration of surimi vessels; a factor that may mask this 



. effect (Appendix A, Figures A7-A9). The tow duration was also included as a significant 
variable in the models for the surimi core vessels, with model coefficientk showing increasing 
catch rate with tow duration. Duration was not a factor for either dressed or fillet core 
vessels. 

Table 6: Variables selected by order of selection for the surimi, dressed, and fillet core vessel 
models for the west coast South Island fishery. 

Surimi model Dressed model Fillet model 
Order Variable 3 Variable 8 Variable R~ 

1 Yem 1.2 Year 3.9 Yem 3.3 
2 Season 37.0 Season 23.5 Season 19.7 
3 Vessel 39.0 Vepsel 30.1 Vessel 26.2 
4 Duration 40.6 Stmttime 32.3 Sunrire 30.1 
5 Longitude 41.9 
6 Sunke 43.0 

Table? Relative year effects (and 95% confidence intervals) by year for the surimi, dressed, and 
fillet core vessel models for the west coast South Island fishery, 1990-2001. 

Year Surimi Dressed Fillet 

1990 1.09 (0.98-121) 0.97 (0.9CL1.06) 0.86 (0.79-0.93) 
1991 1.20 (1.11-1.30) 1.14 (1.07-1.21) 0.97 (0.90-1.04) 
1992 0.91 (0.82-1.01) 1.39 (1.32-1.46) 1.22 (1.14-1.31) 
1993 1.10 (0.93-1.30) 0.91 (0.87-0.96) 1.10 (1.03-1.17) 
1994 0.87 (0.79-0.97) 0.89 (0.86-0.92) 1.17 (1.11-1.24) 
1995 0.91 (0.834.00) 0.74 (0.71-0.76) 0.65 (0.62-0.69) 
1996 1.13 (1.01-1.26) 0.78 (0.75-0.81) 1.03 (0.97-1.09) 
1997 0.92 (0.83-1.01) 0.89 (0.85-0.92) 0.79 (0.75-0.83) 
1998 0.93 (0.85-1.03) 1.10 (1.06-1.14) 1.05 (0.99-1.11) 
1999 - - 1.16 (1.11-1.20) 1.08 (1.02-1.15) 

2000 - - 1.38 (1.33-1.44) 1.37 (1.29-1.45) 
2001 - - 0.89' (0.85-0.93) 0.93 (0.87-1 .OO) 

None of the models represented a good fit to the available data. Model diagnostics were poor 
and showed strong evidence of poor fit. There are also some consistent trends 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. This is similar to the 
results found by Dunn (2001) and Langley et al. (2001). 

As found by Langley et al. (2001), the indices estimated fiom each of the core vessel models 
differ - particularly the surimi series when compared with either the me t  or dressed series. 
Figure A10 in Appendix A compares the indices calculated by both Langley et al. (2001) and 
D m  (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 dressed and fillet analyses. More 
considerable differences are discernible in the surimi analysis, but the loss of data, due to the 
years included with the analysis of the surimi core vessels between the analyses, is the most 
likely explanation for the difference. Both the fillet core and dressed vessels suggest an 
increase in abundance from about 1995 to 2000, with a marked decline in 2001. 

Comparison of the CPUE indices with the relative biomass estimates from the west coast 
South Island acoustic indices (FL O'Driscoll, NWA, pers. comm.) shows little evidence of a 
relationship. The comparison is plotted in Appendix'A, Figure A1 1. 
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Figure 3: Relative indices (scaled to have mean 1) for the west coast South Island (a) surimi, @) 
dressed, and (c) fillet core vessel models. Approximate 95% confidence intervals are shown as 
vertical lines. 

3.2' Cook Strait spawning fishery 

The Cook Strait hoki fishery is conducted during Jundctober m the canyons of Cook Strait, 
and has been developed only since about 1989-90 b g l e y  et al. 2001). The number of tows 
targeting hoki has fluctuated between about 1000 and 4500 since 1990 (Table 8). The total 
hoki catch recorded on TCEPR records from the Cook Strait increased from 11 500 t in 1990 
to a peak of 44 400 t in 1997, since declining to 23 500 t in 2001. Table 8 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 from 1990 to 2001. 

A total of' 66 vessels fished m Cook Slrait between 1990 and 2001 that recorded a positive 
catch of hoki from a midwater tow. Analysis of the core vessel data was based on 18 of these 
vessels that participated in the fishery for at least 7 fishing years since 1990; these accounted 
for about two-thirds of the total catch recorded by TCEPR records for Cook Strait. Most of 
this fishing is concentrated on or near Cook Strait Canyon. 

In recent years, there has been an increase id larger vessels operating within the fishery. 
During 1990 and 1991, most vessels were about 25 m in length, with only a few vessels at 
about 30 m. Since then the number of 30 m vessels has increased, and vessels of over 40 m 
have moved into the fishery. With the increase in larger vessels, there has been a 
corresponding increase in the headline height, and a reduced median duration of tows. Raw 



catch rates have fluctuated about 10 to 15 t p a  tow since 1993, with a small reduction from 
14.0 to 12.6 t per tow from 2000 to 2001. 

CPUE models were estimated only for the core vessel sub-group of the Cook Strait fishery. 
Only a main effect model was considered. The data are described below, and model estimates 
are also described. Descriptive plots and tables for all vessels and core vessels &e. given in 
Appendix B as Table B1 and Figure B1. 

Table 8: Number of tows, hold target tows, hold target midwater tows, non-zero tows, and core 
vessel tows by year and type, for the Cwk Strait fishery 1990-2001. 

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

All Hoki-et 
tows tows 

Mid-water 
tows 

1 040 
2 059 
1578 
1487 
1781 
2 072 
3 031 
3 266 
-2 251 
1985 
1 867 
1760 

24 177 

Non-zero 
catch 

1035 
2 022 
1550 
1461 
1755 
2 040 
2 970 
3 177 
2 219 

' 1962 
1 848 
1710 

23 749 

Core vessels 

373 
990 
785 
814 

1 025 
1394 
1 682 
1789 
1 505 
1437 
1384 
1114 

14 292 

3.2.1 Catch-per-uniteffort indices 

The CPUE model for the Cook Strait core vessels included, as main effects, the variables 
vessel, season, and year. The model retuned an overall of 22%. The CPUE model fit is 
given in Table 9. Diagnostic plots of the model fit are given in Appendix B, Figure B2. Model 
estimates of CF'UE indices are given in Table 10 and are plotted in Figure 4. 

The comparison of the vessel coefficients suggested that the relative fishing power of the 
different vessels was broadly similar, although expected catch rates ranged between about7 to 
20 t per tow (Appendix B, Figure B3). The estimated coefficients for season were similar 
between the three vessel sub-groups, showing a consistent pattern of increasing catch rates up 
to the peak season, before declining to zero at about 60 days after the peak season.. 

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 are shown in Appendix B, Figure 
B2. In particular, smaller catches were poorly modelled. 

Figure B4, Appendix B, compares the indices calculated by Langley et al. (2001) with those 
presented in this report. The key difference between the estimated indices is that for the 1992 
year. Tbis is a consequence of the revised choice of area of the fishery, i.e., from removing 
tows along the northeast coast of the South Island from the analysis. Otherwise, the 
standardised indices reflect little change in abundance since 1993. 

Comparison of the CPUE indices with the relative biomass estimates from the Cook Sinit 
acoustic indices (R. O'Driscoll, NIWA, pers. comm.) show little evidence of a relationship. 
The comparison is plotted in Appendix B, Figure BS. 



Table 9: Variables selected by order of selection for the core vessel model for the Cook Strait 
fishery. 

Core vessel model 
Order Variable r' 
1 Year 
2 Season 
3 Vessel 

Table 10: Relative Year effects (and 95% confidence intervals) by year for the core vessel model 
for the Cook strait fishery 199&2001. 

Year 

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

Core vessel model 
0.96 (0.87-1.06) 
0.71 (0.66-0.76) 
1.61 . (1.49-1.73) 
1.03 (0.96-1.11) 
1.10 (1.02-1.17) 
1.12 (1.06-1.18) 
1.02 (0.97-1.07) 
0.90 (0.85-0.94) 
0.96 (0.91-1.01) 
0.88 (0.84-0.93) 
1.04 (0.98-1.10) 
0.90 (0.85-0.96) 

{a) Cwk strait core vessels 

Year 

Figure 4: Relative indices (scaled to have mean 1) for the Cook Strait core vessel model 1990- 
2001. Approximate 95% confidence intervals are shown as vertical lines. 

3.3 Chatham Rise non-spawning fishery 

The annual catch recorded by TCEPR records on the Chatham Rise steadily increased fiom 
about 12 000 t in 1990 to about 56 000 t i n  1999. This reduced to about 41 000 t i n  2000 and 
2001. Table 11 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 2001. 

A total of 172 vessels that fished on the Chatham Rise between 1990 and 2001 recorded a 
positive catch of hoki from a bottom tow. Analysis of the core vessel data was based on 61 of 
these vessels that participated in the fishery for at least 5 fishing years since 1990. The 
analysis of the fillet core vessel datawas based on 18 of these vessels, and accounted for 



about 85% of the catch from all core vessels. Data fiom the Chatham Rise fishery was 
dominated by tows using bottom gear, and these accounted for more than tbree-quartm of a11 
tows since 1990. The number of tows for core vessels and for fillet core vessels, by year, is 
given in Table 1 1. 

In recent years, there has been an increase in larger vessels operating within the fishery. 
During 1990 and 1991, most vessels were about 25 m in length, with only a few vessels at 
about 30 m. Since then the number of 30 m vessels has increased, and vessels of over 40 m 
have moved into the fishery. With the increase in larger vessels, there has been a 
corresponding increase in the headline height, and a reduced median duration of tows. Raw 
catch rates have fluctuated around 10-15 t per tow since 1993, with a small reduction fhm 
14.0 to 12.6 t per tow from 2000 to 2001. 

CPUE models were estimated for the core vessel and the fillet core vessel sub-groups of the 
Chatham Rise fishery. Only main effect models were considered. The data are described 
below, and model estimates are also dermid.  Descriptive plots and tables for all vessels, 
core vessels , and fillet core vessels are given in Appendix C as Table C1 and Figure C1. 

Table 11: Number of tows, hoki target tows, hoki target midwater tows, non-zero tows, core 
vessel, and met core vessel tows by year and type, for the Chatham Rise fishery, 1990-2001. 

AU Hoki target Bottom No&zem Core fillet 
Year tows tows Tows Catch Core vessels vessels 
1990 2 800 1730 2 777 2 402 865 238 
1991 4 995 3 921 4 088 3 767 1415 876 
1992 7 754 5 403 7 347 5 833 3 009 1373 
1993 8 006 5 769 7 017 5 627 3 644 2 259 
1994 5 650 3 752 4 600 3 235 2 578 1881 
1995 8 040 6 668 6 190 5 418 4 688 3 855 
1996 9 408 8 176 7 455 6 696 5 064 4 066 
1997 10 738 9 498 8 632 7 898 6 818 5 627 
1998 14 214 13 071 10 905 10 017 9 109 8 206 
1999 13 835 12 660 11 683 10 857 9 258 8 294 
2000 11 964 10 818 9 534 8 733 6 980 6 040 
2001 11 163 9 608 10 278 9 441 6 828 5 978 
Total 108 567 91 074 9Q 506 79 924 60 256 48 693 

3.3.1 Catch-per-unit-effort indices 

For the two sub-groups the resulting models included identical tams as main effects; namely 
vessel, sub-area, year, start time, and duration. The models retmed an overall ? of 43.9% 
and 14.5% for the core vessel and fillet core vessel data sets respectively. 

CPUE model fits for both models are given in Table 12. Diagnostic plots of the model fits are 
given in Appendix C, Figures C2 and C4. Model estimates of CPUE indices are given in 
Table 13 and are plotted in Figure 5. 

Comparison of the vessel coefficients suggested that the relative fishing power of the different 
vessels was similar, with a decreasing expected catch rate with a decreasing involvement in 
the fishery (Appendix C, Figure C3 and C5). Sub-area estimates were all similar, except in 
Statistical Area 404 - historically a hake fishery. Both models included a variable that 
represented the time of day of the tow and the duration of the tow. Neither of the models 
represented a good fit to the available data. Model diagnostics were poor and showed some 
evidence of poor fit. Diagnostic plots for the two models are shown in Appendix C, Figures 
C2 and C4. 



Table 12: Variables selected by order of selection for the core vessel and Iillet core vessel models 
for the Chatham Rise fishery. 

Core vessel model Fillet core vessel model 
Order Variable 8 Variable 

1 Year 0.6 Year 1.3 
2 Vessel 39.1 Vessel 5.2 
3 Start time 41.0 Subarea 9.4 
4 Sub-area. 42.7 Start time 12.9 
5 Duration 43.9 Duration 14.5 

Table 13: Relative year effects (and 95% confidence intervals) by year for the core vessel and 
Iillet core vessel models for the CbathamRise Zishery 1990-2001. 

Year 

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

Core vessel model 

1.01 (0.94-1.08) 
1.11 (1.06-1.17) 
1.32 (1.27-1.37) 
1.25 (1.21-1.29) 
0.94 (0.90498) 
0.90 (0.88-0.93) 
0.99 (0.96-1.02) 
0.94 (0.92-0.97) 
0.91 (0.89-0.94) 
1.02 (l.Oo-l.05) 
0.88 (0.85-0.90) 
0.83 (0.81-0.86) 

Fillet core vessel model 

1.21 (1.06-1.38) 
1.04 (0.97-1.11) 
1.19 (1.13-1.25) 
1.18 (1.13-1.23) 
0.88 (0.844.93) 
0.93 (0.90-0.97) 
1.04 ' (1.00-1.07) 
0.93 (0.91-0.96) 
0.92 (0.89-0.94) 
1.05 (1.02-1.08) 
0.88 (0.85-0.91) 
0.83 (0.80-0.86) 

a) C M a m  Rise mre vessels b) chamam Rise fillet mre vessels 

1 

Year Year 
Figure 5: Relative indices (scaled to have mean 1) for the Chatham Rise (a) core vessel and @) 
Wlet core vessel models 1990-2001. Approximate 95% confidence intervals are shown as vertical 
Lines. 

Estimated indices from the two models were very similar, except in the base year (1990). 
Figure C6, Appendix C, 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, except for a small difference in the index for the fillet core vessel 
model in 1990. The standardised indices suggest a slight decline in abundance since about 
1992, with a steeper, more recent, decline since 1999. 

Comparison of the CPUE indices with the relative biomass estimates from the Chatham Rise 
kawl survey series (Annala et al. 2001) are strongly correlated with the CPUE indices for 
both the core vessels and fillet core vessels analysis; all series suggest a decline in abundance 



since the early 1990s. However, the decline in recent years is steeper for the trawl survey 
series than for the CPUE indices. The comparison is plotted in Appendix C, Figure C7. 

3.4 SubAntarctic non-spawning flshery 

The hoki fishery in the sub-Antarctic region developed in the early 1990s, with a total annual 
catch between 1991-92 and 1992-93 of about 30 000 t. Catches declined to about 12 000 t 
over the following three years, before increasing to about 25 000 t fiom 1996-97 to 1998-99 
(Annala et al. 2001). The number of tows targeting hoki in the sub-Antarctic has fluctuated 
fiom about 2000 to just over 4000 since 1990-91 (Table 14). The proportion of zero tows 
recorded has remained both low and constant at about 1.3%. 

A total of 119 vessels that fished in the sub-Antarctic between 1991 and 2001 recorded a 
positive catch of hoki &om a bottom tow. Analysis of the core vessel data was based on 27 of 
these vessels that participated in the fishery for at least 5 fishing years since 1991. The 
analysis of the m e t  core vessel data was based on 11 of these vessels, and accounted for 
about 90% of the catch h m  all core vessels. Data h m  the sub-Antarctic 5shery was 
dominated by tows using bottom gear, and these accounted for most (90%) tows since 1991. 
The number of tows for the core vessels and iillet core vessels, by year, is given in Table 14. 

In recent years, there has been a decrease in very large vessels operating in the fishery. 
Between 1991 and 1993, a sizable proportion of the fleet was over 80 m in length, Since then 
the fishery has been dominated by vessels between about 60 and 70 m in length. With the 
decrease in larger vessels, there has been a corresponding reduction in the median headline 
height, although tow duration has remained relatively constant at around 4-5 hours. Raw 
catch rates have fluctuated about 2 to 4 t per tow, with only a small reduction fkom 4.3 to 3.5 t 
p a  tow &om 2000 to 2001. 

CPUE models were estimated for both the core vessel and fillet core vessel sub-groups of the 
sub-Antarctic fishery. Only main effect models were considered. The data are described 
below, and model estimates are also described. Descriptive plots and tables for all vessels, 
core vessels, and fillet core vessels are given in AppendixD as Table Dl and Figwe Dl. 

Table 14: Number of tows, hoki target tows, hoki target midwater tows, non-zero tows, core 
vessel, and fillet core vessel tows by year and type, for tbe sub-Antarctic fishery, 1991-2001. 

All Hold target Bottom Non-zcm Fillet core 
Year tows tows .tows catch Core vessels vessels 

1991 3 712 3 149 3 599 3 320 648 358 
1992 5 479 5 013 5 390 5 262 2 030 1935 
1993 5 560 4 993 5 041 4 863 2 363 2 193 
1994 2 367 1952 2 027 1821 1212 1 043 
1995 2 823 2 545 2 538 2 456 1 829 1 548 
1996 2 909 2 523 2 543 2 357 1 620 1390 
1997 3 748 3 128 3 496 3 159 2 621 1985 
1998 4 386 3 833 4 239 3 962 2 843 2 384 
1999 3 530 2 964 3 230 3 024 1581 1088 
2000 5 224 4 736 4 865 4 692 3 035 2 111 
2001 5 165 4 669 4 563 4 420 2 585 1 855 
Total 44 903 39 505 41 531 39 336 22 367 17 890 

3.4.1 Catch-per-unit-effott indices 

For the two sub-groups, the resulting models included similar terms as main effects; namely 
vessel, year, start time, season, and either net or bottom depth. Duration and headline height 



were additional, minor, main effects for the fillet core vessel model. The models returned an 
overall 2 of 38.4% and 22.3% for the core vessel and fillet core vessel data sets respectively. 

CPUE model fits are given in Table 15. Model estimates of CPUE indices are given in Table 
16 and are plotted in Figure 6. 

Comparison of the vessel coefficients suggested that the relative fishing power of the different 
vessels was strongly correlated with the total effort recorded by each vessel. The vessel 
coefficients for all core vessels appeaT to fall into two separate groups - the first of which 
are primarily the fillet core vessels. The coefficients of the other common terms between the 
two models were similar. Both models included a variable that represented the season and the 
time of day of the tow. Neither of the models represented a good fit to the available data. 
Model diagnostics were poor and showed some evidence of poor fit. Diagnostic plots for each 
of the models are shown in Appendix D, Figures D2 and D7. 

Table 15: Variables selected by order of selection for the core vessel model for the sub-Antarctic 
fishery. 

Core vessel model Fillet core vessel model 
Order Variable 8 Variable r' 
1 Year 1.3 Year 2.2 
2 Vesrel 30.2 Bottom depth 7.4 
3 Start time 33.6 Start time . 12.5 
4 Season 36.8 Season 16.7 
5 Net depth 38.4 Vessel 19.8 
6 Headline height 21.2 
7 Duration 22.3 

Table 16: Relative year effects (and 95% confidence intervals) by year for the core vessel model 
for the sub-Antarctic fishery 1991-2001. 

Year Core veuel model Fillet core vessel model 
1991 0.72 (0.66478) 0.66 (0.59-0.73) 
1992 1.06 (1.01-1.11) 1.30 (1.23-1.37) 
1993 0.97 (0.93-1.01) 1.07 (1.02-1.13) 
1994 0.98 (0.931.04) 1 .8  (1.11-1.26) 
1995 0.94 (0.90-0.98) 1.11 (1.06-1.17) 
1996 0.93 (0.89-0.98) 1.02 (0.96-1.07) 
1997 1.16 (1.12-1.21) 1.18 (1.12-1.23) 
1998 1.09 (l.OS1.14) 1.06 (1.01-1.11) 
1999 1.13 (1.07-1.19) 0.95 (0.89-1.01) 
2000 1.12 (1.08-1.17) 0.93 (0.8E-O.98) 
2001 0.98 (0.94-1.03) 0.74 (0.704.79) 

The standardised indices for the core vessel's suggest no strong change in abundance since 
1992. However, the fillet core vessels suggest a continuous decline in abundance since 1992. 
Figure D6 in Appendix D compares the fillet core 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. 

The biomass indices derived h m  the trawl survey series for the sub-Antarctic (R. O'Driscoll, 
W A ,  pers. comm.) are correlated, to a lesser extent, with the CPUE indices for fillet core 
vessels analysis; both series suggest a decline in abundance since the early 1990s. However, 
the decline in recent years is steeper for the trawl survey series than for the CPUE fillet core 
vessels indices. The comparison is plotted in Appendix D, Figure D5. 



Year Year 

Figure 6: Relative indices (scaled to have mean 1) for the sub-Antarctic (a) core vessel and @) 
fillet core vessel models, 1991-2001. Approximate 95% confidence intervals are shown as vertical 
Lines. 

4. CONCLUSIONS 

The indices derived h m  the sub-group CPUE analyses for each of the fisheries suggest different 
trends in each of the fisheries. For the west coast South Island spawning fishery the indices 
derived from the fillet core vessels climb ffom 1990 to 1994, drop in 1995, and then show a Vend 
of increase to 2000 (and a large degree of variation), before dropping in 2001. The indices for the 
dressed core vessels climb ffom 1990 to 1992, drop until 1995, then increase until 2000. The 
index for 2001 also shows a sharp decline. Indices for the surimi core vessels were calculated up 
to 1998 only, due to the lack of data in more recent years. The CPUE analyses are restricted to 
the area beyond the 25 nautical mile exclusion m e  - hence a significant and potentially 
variable proportion of the hob biomass is unavailable to the component of the fleet considered in 
these analyses. 

The indices for the Cook Strait spawning fishery suggest astable, or slightly decreasing, trend in 
abundance since 1993. There is no strong indication of a decline in 2001. The indices for the 
Chatham Rise fishery suggested a continuous decline since the early 1990s in abundance, while 
the indices for the sub-Antarctic suggest a steeper decline. 

Since 1990, there were several obvious changes in the fleet composition and behaviour that may 
have influenced the trends in the CPUE indices;including the introduction of a number of new 
vessels into the fishing fleet between 1992 md 1994. Distribution of effort has also changed 
considerably. 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 geogrsbic distribution of fishing effort by the surimi fleet was mainly concentrated around 
the Hokitika Canyon thmugh that period. 

It is unknown whether difFerences in the distribution of fishing effort between years bv the 
diEerent vessels in the fishing fleet reflect differences in fishing &ategy or in fish abundanie on 
the mounds. The former mosition would contradict the assumptions of the analysis, i.e., that a 
c&t proportion of the bibmass on the grounds was rmlnerabie to the fishing effbrt each year. 
However, this would also apply if the spatial distribution of the hoki varied substantially between 
years, while the disbibution of fishing effort remained relatively constant - as observed for the 
surimi vessels on the west coast South Island. 

It is difficult to co* the calculated CPUE indices as indices of abundance 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 -1 analyses for the west 
coast South Island. As noted by Langley et al. (2001), more advanced modelling approaches 
need to be examined to improve the analysis. 

There are a number of similarities between all the models developed for each of the fow hoki 
fisheries. All the models included vessel as a significant main effect, although the relative 
importance of this variable differed between fisheries and vessel processing types. The 
catching capacity of fillet core vessels is largely constrained by the processing capacity of the 
factory. Consequently, the catch rate of an individual vessel is likely to be largely governed 
by the size and efficiency of the individual vessel's factory. In the two non-spawning 
fisheries, where we compared core vessels and fillet core vessels, the vessel effect was always 
considerably d e r  for the fillet subgroup, suggesting that such sub-groups contain a more 
"consistent" set of vessels than the entire fleet 

The models for ell fow areas reveal a consistent seasonal trend in catch rates. For the non- 
spawning fisheries, catch rates increase from a low level in October to reach a peak in 
February and decline over the following three months. The seasonal trend in catch rates 
corresponds to the general assumptions regarding the annual migration of hoki to the 
spawning grounds. However, the magnitude of this seasonal effect is relatively weak in both 
fisheries. Catch rates for the sub-Antarctic fishery also remain at a higher level fkom March to 
May compared to the Chatham Rise fishery. This is consistent with the assumed migration 
pattern of hoki recruiting to the western stock from the  nurse^^ grounds on the Chatham Rise 
to reside in the subAntarctic area. The seasonal tcend in catch rates is magnified in the two 
spawning fisheries, Cook Strait and west coast South Island, as fish aggregate in these areas 
to spawn. The fishing seasons start in early June and reach a peak season around mid August 
in both areas. 

Langley et al. (2001) noted that some vessels &ay maintain constant catch rates, even at 
.relatively low stock abundance, by mo-g fishing strategy. In such cases, it may be more 
informative to develop alternative indices of abundance to monitor the fishing perfonnance of 
vessels in each of the fleets. For example, such alternative indices could include changes in 
the number of tows in a day, tows per trip, or distance between successive to*. 
Consideration of suitable indices would need to be based on an understanding of the operation 
of individual fishing vessels in response to changes in fish abundance, and may allow the 
development of quantitative indices that better reflect the underlying trends in stock 
abundance. 

Model diagnostics for all models were poor, suggesting evidence of poor fit. This poor 
performance suggests that there are important factors not accounted for by the model that 
contribute to the catch rate of individual tows. These may include information concaning 
fishing strategy, availability of hoki, and the spatial patterns of abundance (i.e., aggregations). 
In general, the models developed for each of the fisheries were unable to capture the extremes 
in catch rate observed in the fishery. The predictive models generally underestimated the 
observed catches at the upper extreme of the observed range of catches, and overestimated the 
catch from trawls at the lower range. 

Acoustic and imwl data for the fisheries allow some comparison of the CPUE indices of 
abundance, if issues of timing and the relative selectivity are ignored. The acoustic indices for 
the west coast South Island and Cook Strait show little evidence of a relationship between the 
respective indices. The biomass indices derived from the trawl survey series for the Chatham 
Rise are strongly correlated with the CPUE indices for both the core vessels and fiIlet core 
vessels analysis; all series suggest a decline in abundance since the early 1990s. Howeva, the 
decline in recent years is steeper for the trawl survey series than for the CPUE indices. The 
biomass indices derived from the trawl survey series for the sub-Antarctic are correlated, to a 
lesser extent, with the CPUE indices for fillet core vessels analysis; both series suggest a 



decline in abundance since the early 1990s.'~owever, the decline in recent years is steeper for 
the trawl survey series than for the CPUE fillet core vessels indices. However,.the change in 
relative abundance suggested by the CPUE indices cannot be validated. And, as noted by 
Harley et al. (2001), even if the relative change in CPUE indices did represent abundance, 
there is considerable evidence that this relationship is, in general, non-linear. 
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Appendix A: West coast South Island spawning fishery 

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

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

Number vessels 69 66 60 57 62 59 59 77 66 56 51 62 231 
Total catch ('000 t) 144 114 88 80 98 71 62 79 92 74 79 79 1059 
Number of tows 6 689 6672 5 095 5 135 6931 6503 5 055 6600 6577 5 144 5 238 5 755 71 394 
Median tow duration (h) 4.2 4.0 3.5 3.2 3.0 3.4 3.5 3.7 3.5 3.1 2.8 2.6 3.4 
Median catch per tow (t) 10.0 10.0 12.0 10.0 8.5 5.0 6.8 7.5 10.0 10.0 12.0 9.3 9.5 
Median catch per hour (tih) 2.6 2.5 3.5 3.8 3.1 1.5 1.9 2.0 2.8 3.4 4.5 3.6 2.7 

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

AN vessels 
Number vessels 
Total catch (t) 
Number of tows 
Median tow duration (h) 
Median catch per tow (t) 
Median catch per hour (th) 
Core vessels 
Number vessels 
Total catch (t) 
Number of tows 
Median tow duration (h) 
Median catch per tow (t)' 
Median catch per hour (th) 

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



Table A3: Number of non-zero hold midwater tows, vessels, median tow duration, catch per tow, and catch per hour for all dressed vessels and for dressed core 
vessels by year. 

AN vessels 
Number vessels 
Total catch (t) 
Number of tows 
Median tow duration (h) 
Median catch per tow (t) 
Median catch per hour (a) 
Core vessels 
Number vessels 
Total catch (t) 
Number of tows 
Median tow duration (b) 
Median catch per tow (t) 
Median catch per hour (tlh) 

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

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

AN vesseh 
Number vessels 
Total catch (t) 
Number of tows 
Median tow duration (h) 
M e d i i  catch per tow (t) 
Median catch per hour (tih) 
Core vessels 
Number vessels 
Total catch (t) 
Number of tows 
Median tow duration (h) 
Median catch per tow (t) 
Median catch per hour (tih) 

Year Total 
1990 1991 I992 1993' 1994 1995 1996 1997 1998 1999 2000 2001 



Figure Al: Distribution plots of relative frequency for aU west coast South Island surimi core 
vessel non-zero hoki midwater tows for vessel length, vessel erperience, headline height, net depth, 
tow duration, hoki catch, start latitude and longitude, season, and start time of tow, 1990-2001. 
Approximate frequencies 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 relative frequency for all west coast South Island dressed core 
vessel non-zero hold midwater tows for vessel length, vessel experience, headline height, net depth, 
tow duration, hold catch, start latitude and longitude, season, and starttime of tow, 1990-2001. 
Approximate frequencies are plotted by year, with horizontal lines indicating the upper quartile, 
median, and lower quartile respectively. 



Figure A3: Distribution plots of relative frequency for all west coast South Island fillet core veuel 
non-zero hold midwater tows for vessel length, vessel experience, headline height, net depth, tow 
duration, hold catch, start lcrtirude and longitude, season, and start time of tow, 1990-2001. 
Approximate frequencies are plotted by year, with horizontal lines indicating the upper quame, 
median, and lower quartile respectively. 
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Figure A4: Distribution of the h e a r  predictor (fitted values) against residuals and normalised 
residuals against standardised residuals for the surimi core vessels model for the west coast South - 
Island. 
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Figure A5: Distribution of the linear predictor (fitted values) against residuals and normalised 
residuals a~ainst  standardiied residuals for the dressed core vessels modei 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 fflet core vessels model for the west coast South 
Island. 



Erigure A7: Ex-pected catch rates (t per tow) for median values of fixed parameters for the surimi 
core vessels model for the west coast South Island (Yea#-1997, Season4, Duration4.5, VesseI=6, 
SunriseS.0, Longitud~l70.4~E).  
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Figure A9: Expected catch rates (t per tow) for median values of fired parameters for the fillet 
core vessels model for the west coast South Island (Year1996, Season4, Vessek23, Sunrise=5.0). 
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Figure A10: Relative indices (scaled to have mean 1 for the years 1990-1999) for the snrimi, 
dressed, and fillet core vessels for the west coast South Island fishery (fied cirdes), and the 
equivalent indices from Langley et al. (2001) (open circles) itnd Dunn (2001) (squares). 
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Figure All:  Relative indices (scaled to have mean 1 for the years in common) for the surimi (s), 
dressed (d), and fillet (f) core vessels for the west coast South Island fishery, and from the west 
coast South Island acoustic surveys (filled circles). 



Appendix B: Cook Strait spawning fishery 

Table B1: Number of uon-zero hold midwater tows, vessels, median tow duration, catch per tow, and catch per hour for all vessels and for core vessels by year. 

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

AN vessek 
Number vessels 
Total catch (t) 
Number of tows 
Median tow duration (h) 
Median catch per tow (t) 
Median catch per hour (tm) 
Core vessels 
Number vessels . , - 
Total catch (t) 
Number of tows 
Median tow duration (h) 
Median catch per tow (t) 
Median catch per hour (tm) 



Figure B1: Distribution plots of relative frequency for all Cook Strait core vessel non-zero hoki 
midwater tows for vessel lengih, vessel experience, headline height, net depth, tow duration, hoki 
catch, start lathde and longitude, season, and start time of tow, 1990-2001. Approximate 
frequencies are plotted by year, with horizontal Lines indicating the upper quartile, median, and 
lower quartile respectively. 
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Figure B2: Distniution of the linear predictor (fitted values) against residuals and normalisec! 
residuals against standardised residuals for the core vessels model for the Cook Strait 

.. . 
Figure B3: Expected catch rateb(t per tow) for median values of lixed parameters for the core 
vessels model for the Cook Strait (Yea~1996, S m o n 4 ,  Vessel=S). 
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Figure B4: Relative indices (scaled to have mean 1 for the years 1990-1999) for the core vessels 
for the Cook Strait (Wled circles), and the equivalent indices from Langley et al. (2001) (open 
circles). 
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Figure B5: Relative indices (scaled to have mean 1 for the years in common) for the core vessels 
(c) for the west coast South Island fishery, and from the Cook Strait acoustic surveys (ffled 
circles). 



Appendix C: Chatham Rise non-spawning fishery 

Table C1: Number of non-zero hoki midwater tows, vessels, median tow duration, catch per tow, and catch per hour for all vessels, core vessels, and fillet core 
vessels by year. 

AN verse& 
Number vessels 
Total catch (t) 
Number of tows 
Median tow duration (h) 
Median catch per tow (t) 
Median catch per hour (tlh) 
Core versels 
Number vessels 
Total catch (t) 
Number of tows 
Median tow duration (h) 
Median catch per tow (t) 
Median catch per hour (t~h) 
Fillet core versels 
Number vessels 
Total catch (t) 
Number of tows 
Median tow duration @) 
Median catch per tow (t) 
Median catch per hour (t/h) 

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



Figure C1: Distribution plots of relative frequency for all Cbatham Rise core vessel non-zero 
hoki bottom tows for vessel length, vessel experience, headline height, net depth, tow duration, hokj 
catch, start latitude and longitude, season, and start time of tow, 1990-2001. Approximate 
frequencies are plotted by year, with horizontal lines indicating the upper quartile, median, and 
lower quartile respectively. 
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Figure C2: Distribution of the linear predictor (fitted values) against residuals and normalised 
residuals against standardised residuals for the core vessels model for the Chatham Rise. 
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Figure C3: Expected catch rates (t per tow) for median values of fixed parameters for the core 
vessels model .for the Chatham Rise (Year=1997, Vessel=27, Start tim~11.7, Duration=4, Sub- 
area=East). 
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Figure C4: Distribution of the Uuear predictor (fitted values) against residuals and normalised 
residuals against standardised residuals for the fillet core vessels model for the Chatham Rise. 
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Figure C5: Expected catch rates (t per tow) for median values of fixed parameters for the ffflet 
core vessels model for the Chatham Rise c yea^-1995, VesseklO, Start fimecll.8, Durolion=4, 
Sub-area=East). 
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Figure C6: Relative indices (scaled to have mean 1 for the years 1990-1999) of the core vessels for 
the Chatham Rise (filled circles), and the equivalent indices from Langley et al. (2001) (open 
circles). 
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Figure C7: Relative indices (scaled to have mean 1 for the years in common) for the core vessels 
(c) and fillet core vessels (f)  for the Chatham Rise fishery, and from the Chatham Rise trawl 
surveys for strata 300-800 m (open circles). 



Appendix D: Sub-Antarctic non-spawnlng fishery 

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

All vessels 
Number vessels 
Total catch (t) 
Number of tows 
Median tow duration (h) 
Median catch per tow (t) 
Median catch per hour (tm) 
Core vessels 
Number vessels 
Total catch (t) 
Number of tows 
Median tow duration (h) 
Median catch per tow (t) 
Median catch per hour (tm) 
Fillet core vessels 
Number vessels 
Total catch (t) 
Number of tows 
Median tow duration (h) 
Median catch per tow (t) 
Median catch per hour (th) 

Year Total 
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 
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Figure Dl: Distribution plots of relative frequency for all sub-Antarctic core vessel non-zero hoki 
bottom tows for vessel length, vessel experience, headline height, nei depth, tow duration, hoki 
catch, start m d e  and longifude, semon, and stari time of tow, 1991-2001. Approximate 
frequencies are plotted by year, with horizontal lines indicating the upper quartile, median, and 
lower quartile respectively. 
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Figure DZ: Distribution of the linear predictor (fitted values) against residuals and normalised 
residuals against standardised'residuals for the core vessels model for the sub-Antarctic. 
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Figure D3: Expected catch rates (t per tow) for median values of fixed parameters for the core 
vessels model for the sub-Antarctic  yea^-1994, VesseI=lZ, Sfart time=12, Season=150, Net 
depth=618). 
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li'igure D4: Di ihution of the linear predictor (fitted values) against residuals and normalised 
residuals against standardised residuals for the fillet core vessels model for the sub-Antarctic. 
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Figure D5: Expected catch rates (t per tow) for median values of iixed parameters for the fillet 
core vessels model for the sub-Antarctic (Year1996, Boffom depth=645, Start lime=11.9, 
Season=150, Vessel=7, Headline height=3, Duratwn4). 
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Figure D6: Relative indices (scaled to have mean 1 for the years 1991-1999) of the core vessels for 
the sub-Antarctic (filled circles), and the equivalent indices from Langley et al. (2001) (open 
circles). 
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Figure D7: Relative indices (scaled to have mean 1 for the years in common) for the core vessels 
(c) and fillet core vessels (0 for the sub-Antarctic fishery, and from the sub-Antarctic summer 
(filled circles) and winter (open circles) trawl sweys  for strata 300400 m. 



Appendix E: Summary of catch and tows of hoki within the New Zealand EEZ from TCEPR data 

Table El: Total hoki catch (TCEPR) by area1 and season (Sp-spawning season, NSp=non-spawning season,'~=winter months (Jun-Nov), S=s~nImf!r months 
(Dec-May)) (%), the total catch (t), and the number of tows by calendar year. 

Year West coast S.I. Cook Strait ChathamRise Sub-Antarctic South East coast West coast U h o w n  Total catch Total 
Sp NSp Sp NSp Sp NSp Sp NSp W S W S W S  Total t tows 

1989' 0.0 0.0 0.0 0.0 0.0 79.2 0.0 19.4 0.5 0.0 0.5 0.4 0.0 0.0 0.0 100.0 2 790 1261 
1990 76.1 0.0 5.7 0.0 0.5 7.3 4.3 5.6 0.1 0.0 0.1 0.1 0.0 0.0 0.2 100.0 204718 20568 
1991 59.5 0.0 10.2 0.0 1.2 15.2 2.9 9 .9  0.1 0.0 0.1 0.2 0.1 0.0 0.6 100.0 210027 26409 
1992 48.6 0.0 8.6 0.1 1.5 22.4 2.6 14.5 0.1 0.2 0.6 0.2 0.1 0.0 0.4 100.0 201 801 27 660 
1993 54.5 0.0 9.8 0.2 1.3 21.2 1.6 10.5 0.0 0.0 0.4 0.4 0.0 0.0 0.1 100.0 170 338 25 597 
1994 60.4 0.1 14.0 1.0 0.9 13.6 2.5 4.8 0.0 0.0 0.6 1.3 0.1 0.0 0.6 100.0 178 075 26 134 
1995 46.7 0.0 15.8 3.0 2.8 19.6 0.8 8.0 0.0 0.0 0.5 1.4 0.2 0.0 1.1 100.0 164457 27 888 
1996 35.7 0.0 25.0 2.7 2.7 22.4 1.9 6.1 0.1 0.1 0.8 1.7 0.0 0.0 0.9 100.0 187 266 33 366 
1997 36.6 0.0 19.5 2.8 2.4 23.8 3.6 7.5 0.1 0.0 1.1 2.0 0.1 0.0 0.7 100.0 229 055 39 734 
1998 40.2 0.1 13.4 1.7 3.0 27.1 1.3 7.5 0.2 2.1 0.8 2.2 0.1 0.0 0.5 100.0 247 608 38 350 
1999 40.2 0.0 14.7 1.4 1.1 28.1 1.8. 8.1 0.9 1.4 0.5 1.4 0.0 0.0 0.3 100.0 218 357 35 611 
2000 43.8 0.1 13.2 1.0 1.6 20.1 1.4 12.9 0.9 2.8 0.7 1.2 0.0 0.0 0.3 100.0 223 624 35 876 
2001 48.9 0.0 11.8 1.0 2.8 17.8 3.6 10.2 1.2 0.8 0.4 1.1 0.0 0.0 0.3 100.0 198 943 . 31 093 
Total 48.8 0.0 13.5 1.2 1.8 20.2 2.4 8.8 0.3 0.7 0.5 1.1 0.1 0.0 0.5 100.0 2 437 058 369 547 

1. The definition for the area "South" is all locations, not already defined as one of the four fisheries, South of latitude 44.3' S; "East coast" is all locations east of a line 
drawn through New Zealand from Cape Reinga to Bluff, and north of latitude 44.3O S; and 'West coast" is the remaining area west of the line dram through New 
Zealand, and north of 44.3- S. 

2. The year 1989 refers only to the period from 1 October to 31 December 1989. 


