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1. Executive summary 

This assessment is for STA 4 plus the three statistical areas (19,21,23) in STA 3 which make 
up the western end of the Chatham Rise; thus it covers the whole Chatham Rise. For 
convenience, this larger area is referred to as STA 4+. The three STA 3 statistical areas were 
not included in the recent STA 3 assessment. 

Reported landings from STA 4+ (Chatham Rise) have been variable, but have generally risen 
fiom 100-200 t in the 1980s to 300-500 t in the 1990s, with a peak of 931 t in 1990-91. 
Landings have come fiom two regions: on the Chatham Island shelf in the east, and around 
Mernoo Bank in the west. 

Apart from a small target fishery near the Chatham Islands, stargazer is taken as bycatch in 
trawl fisheries for hoki, scampi, silver warehou, ling, barracouta, red cod, squid, and (in 
smaller quantities) several other species. 

Catch and unstandardised CPUE trends for stargazer in the more important of these fisheries, 
separately and in appropriate combinations, were examined for the fishing years 1989-90 to 
1996-97. Catches fluctuated considerably, and unstandardised CPUE followed catch trends, 
with little correspondence between fisheries. It was concluded that unstandardised CPUE did 
not monitor stock abundance of Chatham Rise stargazer. It was also considered unlikely that 
standardised CPUE would provide better information. 

Two stocks were defined: an eastern stock residing in STA 4 east of longitude 180" 
(STA 4E), and a western stock in STA 4 west of longitude 180" plus that section of STA 3 on 
the western end of the Chatham Rise (STA 4W+). 

Biomass estimates from trawl surveys in 1992 to 1998 gave reasonably stable biomass 
estimates for the western stock, and a slight decline for the eastern stock. The size distribution 
of fish in these trawl surveys is similar to that in the commercial fishery. 

For the STA 4+ assessment, all relevant biological parameters, the commercial catch history, 
and a series of abundance indices from trawl surveys were incorporated into population 
models using the MIAEL estimation technique. The two stocks were modelled separately. 

The model results suggest that the eastern and western stocks have declined since 1965, and 
are likely to decline further at current catch levels. However, the estimates of virgin biomass 
had very low information indices (2-13%) and are therefore poorly estimated within the 
range of values estimated by the least squares method. The estimates of current biomass had 
better information indices (14-65%), but very wide bands. The STA 4W+ stock is estimated 
to be at about 35% B,, and the uncertainty on this assessment is moderate. The STA 4E stock 
may have declined to a level of about 27% B,, but the uncertainty on this assessment is high. 



2. Introduction 

There have been few studies directed at stargazer stock assessment in general, and no formal 
assessment of the STA 4 (Chatham Rise) Fishstock has been completed previously. There are 
no estimates of yield for this stock in Annala et al. (1998). 

A TAC for STA 4 of 2000 t set in 1986 has now increased to a TACC of 2014 t. 

The other stargazer Fishstocks (STA 1-3, 5, 7, 8) were incorporated in the adaptive 
management programme in either the 1991-92 or 1993-94 fishing year. Vignaux (1997) 
calculated CPUE trends for STA 2, 3, 5, and 7, and for STA 2 an age structured model was 
run based on ECNI trawl survey biomass indices (Annala & Sullivan 1997). Only two of the 
higher adaptive management TACCs were retained after review (Annala et al. 1998). The 
STA 4 Fishstock was not included in the adaptive management programme because landings 
were small relative to the TACC - a few hundred tomes cf. a TACC of over 2000 t, and was 
therefore not considered in these reviews of stargazer fisheries. 

The STA 4 TACC was based on a calculation of absolute biomass fi-om a trawl survey by a 
method now considered obsolete (Annala et al. 1998). The present study is the first 
assessment of this Fishstock using relevant biological parameters, the commercial catch 
history, and a series of abundance indices from trawl surveys, all of which are incorporated 
into population models using the MIAEL estimation technique. 

The STA 4 Fishstock occupies the Chatham Rise between 176" E and 175" W. Its eastern end 
includes the 200 m shelf around the Chatham Islands, and its western end bisects the 
important 200400 m Mernoo Bank fishing ground where several middle-depth fish species 
are targeted. The stargazer catch is predominantly the giant stargazer, Kathetostoma 
giganteum. Research trawl surveys have taken small numbers of the banded giant stargazer, 
Kathetostoma sp., northwest of the Chatham Islands, and an unknown but small quantity of 
this species may be included in the reported commercial landings. 

3. Landings 

Stargazer have almost certainly been caught fiom the STA 4 Fishstock since about 1970, 
when trawling for several species (including hoki, silver warehou, squid) began, but data are 
available only fi-om 1978, and even then are clearly incomplete (Table 1, Figure 1). An 
annual catch of 50 t has been estimated for 1968 to 1978, and from 1979 recorded catches 
have risen, in very general terms, fkom 50 t to 200 t. The peak of 790 t of stargazer reported in 
1990-91 does not result from a general increase in fishing effort that year; a large stargazer 
bycatch is present in several, but not all, fisheries for other target species that year, and the 
reason for its size is unknown. 

Stargazer catches on the Chatham Rise are taken fi-om two distinct areas. One is around the 
Mernoo Bank on the western Chatham Rise (extending into STA 3), and the other is to the 
north and west of the Chatham Islands. This pattern is indicated both by the distribution of 
statistical areas which return significant commercial landings of stargazer (Figure 2), and by 
fish distributions derived from trawl surveys of the entire Rise (see Worn 1994a; subsequent 
surveys showed a similar pattern, see references in note to Table 7). 



Table 1: Estimated and reported landings (t) of stargazer from the Chatham Rise fishery. Values are 
given for the STA 4 Fishstock (eastern Mernoo Bank to Chatham Islands), the easternmost (Chatham 
Rise) section of STA 3 (including western Mernoo Bank), and the combination of these ("STA 4+") which 
forms the whole Chatham Rise including the whole Mernoo Bank 

Year STA 4 E STA 3 "STA 4+" Year STA4 E STA3 "STA4+" 
1978 7 6 13 1986-87 72 116 188 
1979 121 64 185 1987-88 110 76 186 
1980 - - - 1988-89 134 - - 
1981 29 127 156 1989-90 218 96 3 14 
1982 52 170 222 1990-9 1 ,790 141 93 1 
1983 168 S 3 25 1 1991-92 366 120 486 
1984 173 122 265 1992-93 23 1 88 319 
1985 S 2 S 5 167 1993-94 113 203 316 
1986 95 7 6 171 1994-95 223 309 532 

1995-96 259 235 494 
199697 149 - - 

Notes: 
1. STA 4 is as def ied for QMA 4. Before 1986 the same area was listed as Management Area D. It comprises 

Stat Areas 49-52 and 40 1-4 12. 
2. Eastern STA 3 is Management Area C(M) for 1978-88. It comprises Stat Areas 19+21+23. 
3. From 1989-90 onwards STA 4+ (Chatham Rise) landings were calculated by prorating upwards the 

CELR+TCEPR estimated catches from Stat Areas 19+21+23 + 49-52 + 401-412 by the ratio of STA 4 
reported landings to STA 4 estimated catches. 

4. "Years" have not been standardised. From 1986-87 (STA 4) and 1989-90 (E STA 3) they are Oct-Sep 
fishing years. Earlier years have covered different months, and 1983 was not a full 12 months. Information 
which would permit corrections to this is not readily available. 

5. There are no recorded catches of stargazer in the Chatham Rise region before 1978, but it is llkely to have 
averaged 50 t annually since 1968 when trawling began. 

4. The TACC 

The first yield estimate of 250 t was made for the 1985-86 fishing year (McGregor & Voller 
1985), but was not converted to a TAC because of a one-year delay in introducing the Quota 
Management System. In the following year, McGregor (1986) increased the recommendation 
for a TAC to 2000 t, based on a 1983 trawl survey of the Chatham Rise and Canterbury shelf 
by Shinkai Maru in March 1983. This survey suggested a biomass of about 25 000 t on the 
Rise, based on a swept area calculated from the mean of doorspread and wingspread 
measurements. At an estimated productivity of lo%, the potential yield of 2500 t was 
apportioned as 2000 t to Chatham Rise (STA 4) and 550 t to the Canterbury coast (STA 3). 
These became established as the 1986-87 TACs, subject to some increase resulting from 
successful quota appeals in subsequent years. 

5. CPUE analysis 

5.1 STA 4 catch and effort data 

In STA 4 stargazer are taken mainly as a bycatch. CPUE analysis requires data from the catch 
effort (TCEPR and CELR) database, in which estimated daily or by-tow catches are limited 
to the top five species recorded (per day or per tow). The stargazer data are thus incomplete. 
In the fishing years 1989-90 to 1996-97 the catch effort data represent 6 4 8 1 %  of the total 
stargazer catch reported from this Fishstock. 



5.2 Chatham Rise stargazer: area definitions 

A preliminary examination of the distribution of stargazer catches in STA 4 showed that a 
high proportion was taken in the statistical areas of the Mernoo Bank region, at the western 
end of STA 4. There were also good catches in the three adjacent STA 3 statistical areas 19, 
21, and 23. It was decided to include these STA 3 areas in the initial unstandardised CPUE 
analysis for the following reasons. 

a 

(1) They also cover part of the westernmost end of the Chatham Rise, include the western 
half of the Mernoo Bank, and are likely to contain the same stock of stargazer as STA 4. 

(2) They were not included in the CPUE analysis of STA 3 by Vignaux (1997); her study was 
restricted to the Canterbury shelf statistical areas 18,20,22, and 24. 

This "extended STA 4" region is, for convenience, referred to as "STA 4+". 

5.3 Selecting STA 4+ data 

The estimated catch fiom the catch effort database (CELR and TCEPR) extracts for STA 4 
(areas 49-52, 401-412) totalled 168 1 t of stargazer for the years 1989-90 to 1996-97. The 
three Chatham Rise STA 3 areas (19, 21, 23) totalled 898 t. Approximately two-thirds of the 
STA 4+ data used in the CPUE analysis thus came fi-om STA 4, one-third fi-om STA 3. 

The main western ground centred on Mernoo Bank yielded an estimated catch of 1152 t for 
the years 1989-90 to 1996-97. The 898 t fiom the three STA 3 statistical areas is 44% of th~s  
total; individual years varied between 17% and 80%. 

A two-step procedure was used to obtain data for CPUE analysis. Target fisheries were first 
selected, by species and area. Then catch and effort data were obtained, by vessel, day and 
tow. 

5.3.1 Selection of target fisheries, by species and area 

(i) For the years 1989-90 to 1996-97, STA catches were selected by form type (CELR, 
TCEPR), fishing year, target species, statistical area, and fishing method. For STA 4+, this 
gave a total catch of 2579 t. 

Only 6% of this total of stargazer is caught in a small target fishery; most is a bycatch in 24 
nominated target fisheries (Table 2). Stargazer and 11 other target species take virtually 100% 
of this estimated catch total; the remaining 13 target fisheries take less than 0.1% each. Only 
the top eight of these target fisheries are considered in this account (see (v) below). 

(ii) Data with NULL values in a field were removed. This reduced the catch to 2570 t, 99.7% 
of the total. 

(iii) Data for methods other than single trawl were removed. This reduced the catch to 2562 t, 
99.3% of the total. 

(iv) Data fi-om several target fisheries which took less than 100 t of stargazer in total during 
these years were removed. This reduced the catch to 2340 t, 90.7% of the total. 



(v) Data were removed where the stargazer catch fiom a statistical area was less than 25 t in 
total during these years. This reduced the catch to 2324 t, 90.1% of the total. 

This catch of 2324 t was taken as bycatch in the eight target fisheries listed in Table 3. 

The percentage of stargazer in the total catch (all species) in these target fisheries is given in 
Table 4. 

Table 2: Estimated catch of stargazer STA 4+, all stat areas by target fishery, expressed as percentages of 
the total estimated catch (2579 t) of stargazer in STA 4+ 

Species % Cumulative % Species % Cumulative % 
Hoki 30 Red cod 5 87 
Scampi 16 45 Squid 5 91 
Silver warehou 1 1 56 Tarakihi 3 94 
Ling 10 66 Jack mackerels 3 97 
Barracouta 10 76 Hake 1 98 
Stargazer 6 82 Spiny dogfish 1 99 
Note: Minor target fisheries, each taking < 0.1% of the estimated stargazer catch, are flatfish, gurnard, rig, 
groper, southern blue whiting, school shark, orange roughy, mokl, snapper, warehou, alfonsino, blue cod, 
gemfish. 

Table 3: Estimated catch (t) of stargazer in the main target fisheries in STA 4+, the Chatham Rise, by 
nominated target fishery and year 

Target 1990 1991 1992 1993 1994 1995 1996 1997 Total % 
Barracouta 25 84 24 10 19 34 24 19 240 10 
Hoki 26 315 133 5 1 22 70 92 41 751 32 
Ling 44 139 45 13 1 23 3 0 268 12 
Red cod 18 29 3 5 21 14 32 4 125 5 
Scampi - 0 49 105 97 71 47 22 391 17 
Silver warehou 2 23 6 3 16 3 1 24 12 116 5 
Squid 5 1 45 10 0 5 10 34 1 156 7 
Stargazer 19 64 42 20 14 76 3 8 3 277 12 
Total 186 698 311 208 195 330 294 102 2 324 
Notes: 
1. Years are fishing years; 1990 is the Oct-Sep 1989-90 fishing year. 
2. The 1997 (1996-97 fishing year) value is incomplete. 

Table 4: Estimated stargazer catch (t), and stargazer as a percentage of total estimated catch (all species), 
in the main target fisheries when stargazer were caught 

Target Catch STA Target Catch STA 
All species STA as % All species STA as % 

Barracouta 3 347 230 7 Scam~i 2 517 344 14 
Hokl 10 672 686 6 Silver warehou 2 480 257 10 
Ling 1 968 259 13 Squid 695 99 14 
Red cod 657 11 1 17 Stargazer 447 133 30 

Most of these fisheries were centred on the Mernoo Bank (Table 5) in different combinations 
of statistical areas 21, 23, 401, and 407. There were two smaller fisheries, targeting 
barracouta and stargazer, north of the Chatham Islands in areas 49 and 50. Two sets of target 
fisheries occurred in the same sets of statistical areas: hoki and ling (areas 21, 23, 401), and 
silver warehou and squid (21,401,407), and each of these pairs has been combined. 



Table 5: Estimated catch (t) of stargazer in STA 4+ target fisheries, by region and by species 

Region Target 1990 1991 1992 1993 1994 1995 1996 1997 
Chatham Barracouta 18 39 5 6 10 4 15 16 

Stargazer 52 45 10 0 5 10 33 2 
Mernoo Barracouta 7 44 19 3 10 28 4 3 

Hoki 26 315 133 5 1 22 70 92 41 
Ling 44 139 43 13 1 23 3 0 
Red cod 18 29 3 5 21 14 3 1 4 
Scampi - 0 49 105 97 7 1 47 22 
Silver warehou 19 64 42 20 14 76 3 8 3 
Squid 2 23 6 3 16 3 1 24 12 

Totals: 
Chatham 70 84 15 6 15 14 48 18 
Mernoo 116 614 295 200 181 313 239 84 
Note: Years are fishing years; 1990 refers to the Oct-Sep 1989-90 fishing year. The 1996-97 year is incomplete. 

5.3.2 Selection of catch and effort data, by vessel, day, and tow 

For each of the eight target fisheries, the following CELR and TCEPR data were selected by 
vessel and day, using vessel identification code, fishing year, actual date (ddmmyy), 
statistical area, number of tows, total catch (all species), and stargazer catch. 

This first series of extracts provided data only for the days in which stargazer were caught 
(and recorded as one of the top five species). 

The extracts fiom the two form types, CELR and TCEPR, differ in the way they summarise 
tows. The CELR daily summaries are derived from daily entries; they give the number of 
days during which stargazer were caught in at least one tow, and list all tows for that day. The 
TCEPR daily summaries are derived fiom tow-by-tow entries; they give the number of days 
in which stargazer were caught in at least one tow, but only list the tows for that day in which 
there was a stargazer catch recorded (in the top five species). Combining these CELR and 
TCEPR extracts thus gives the correct number of days, but an incorrect number of tows - 
the TCEPR value being too low. For STA 4+ this is not a major problem, as 96% of the 
extracts are fiom TCEPR forms (Table 6), and almost all the CELR data are for the minor 
target fishery for stargazer. However, catch per "stargazer day" is likely to be the more 
reliable measure of unstandardised CPUE than catch per "stargazer tow", particularly if there 
has been a trend over time in the proportion of tows in a day which stargazer were recorded 
on TCEPR forms. 

A second data extract was obtained for each target fishery which provided effort (days, tows) 
but not catch data for all days fished for the target species concerned. These two extracts were 
combined to get total effort, as days and as tows. 



Table 6. Estimated catch (t) of stargazer in STA 4+ target fisheries, by form type (CELR, TCEPR) and by 
species 

Form Target 1990 1991 1992 1993 1994 1995 1996 1997 
CELR Barracouta 0 1 - - 0 0 0 - 

Ling - - 1 - - - - - 
Red cod - - - 0 - 0 0 0 
Stargazer 52 23 6 0 5 5 4 1 

TCEPR Barracouta 25 83 24 10 19 34 20 19 
Hoki 26 315 133 5 1 22 70 92 41 
Ling 44 139 43 13 1 23 3 0 
Red cod 18 29 3 5 21 14 3 1 4 
Scampi - 0 49 105 97 7 1 47 22 
Silver warehou 19 64 42 20 14 76 3 8 3 
Squid 2 23 6 3 16 3 1 24 12 
Stargazer - 22 4 - 0 5 29 1 

Totals: 
CELR 52 24 7 0 5 5 4 1 
TCEPR 134 674 304 208 190 324 286 101 
Note: Years are fishing years; 1990 refers to the Oct-Sep 1989-90 fishing year. The 1996-97 year is incomplete. 

5.4 Trends in the stargazer catch and in unstandardised CPUE by target fishery 

These trends are described first by individual target fishery, and then by combinations of 
appropriate fisheries. The fishing grounds (statistical areas) are those where the stargazer 
bycatch was taken, which may not necessarily be the main, or entire, ground for the target 
species. 

Fishing effort is number of days and unstandardised CPUE is catch per day. (Catch per tow 
was also calculated, and these CPUE trends were essentially similar to the catch per day 
trends. They are not presented here.) 

The percentages of zero days and zero tows (no stargazer recorded in the "estimated catch") 
are also given, as a potential measure of stargazer abundance. The "year" listed is the main 
part of each fishing year, e.g. 1991 is the fishmg year Oct-Sep 1990-91. The percentages of 
stargazer catch listed for each target fishery, e.g., 29% (21%) for hoki, gives the estimated 
stargazer catch in each fishery as a percentage of the total estimated stargazer and (in 
parentheses) of the total landed stargazer in STA 4+. Because the chosen target fisheries do 
not include all the stargazer caught, even the percentages of the estimated catch do not sum to 
100. 

The statistical areas covered by each fishery are shown in Figure 2. Stargazer are taken in two 
separate fishing grounds on the Chatharn Rise; the main one is centred on Mernoo Bank and 
lies in statistical areas 21, 23, 401, and 407, a smaller one is north of the Chatham Islands in 
statistical areas 49 and 50. 

Stargazer catch, effort, and unstandardised CPUE trends in individual target fisheries, and 
combinations of these fisheries, are shown in Figures 3 and 4. Figure 3 shows catch, effort, 
and CPUE in days; two categories of days are used, all days fished for the nominated target 
species, and the subset of days on which stargazer were caught. Figure 4 shows trends in the 
number of days, as a percentage of total days, targeted at the species of interest but with no 
reported bycatch of stargazer, or at least no stargazer within the top five species recorded. 



5.4.1 Target: Hok., Mernoo 

This fishery took 27% (19%) of the stargazer catch, in areas 21, 23, and 401 centred on 
Mernoo Bank. There were peak catches in 1991, followed by smaller and erratic catches. 
Effort (days) increased fiom 1990 to 1997 but with a major dip in 1994. CPUE trends 
essentially followed the catch trend. The percentage of zero days increased slightly fiom 1991 
to 1997. 

5.4.2 Target: Ling, Mernoo 

This fishery took 10% (7%) of the stargazer catch, in areas 21, 23, and 401 centred on 
Mernoo Bank. There were peak catches in 1991, followed by smaller and erratic catches. 
Effort (days) also peaked in 1991, then declined to insignificance after 1992. CPUE trends are 
unreliable because of small samples, but peaked in 1995 when a modest catch coincided with 
low effort. There was no trend in the percentage of zero days. 

5.4.3 Target: Barracouta, Mernoo 

Ths fishery took 5% (3%) of the stargazer catch, in areas 21, 401, and 407 centred on 
Mernoo Bank. The peak catch was in 1991, but catches have generally been small and erratic. 
Effort and CPUE trends are unreliable because of small samples, and generally follow the 
pattern of catches. There was no trend in the percentage of zero days. 

5.4.4 Target: Barracouta, Chatham 

This fishery took 4% (3%) of the stargazer catch, in areas 49 and 50 north of the Chatham 
Islands. There were peak catches in 1991, followed by smaller and erratic catches. Effort has 
been erratic. The CPUE trend is unreliable and follows the pattern of catches. The percentage 
of zero days increased. 

5.4.5 Target: Red cod, Mernoo 

This fishery took 4% (3%) of the stargazer catch, in area 21, Mernoo Bank. Catches have 
been small and fluctuating, and the catch and effort trends are generally parallel. CPUE (catch 
per day) appears to be influenced by catch size but shows a slight downward trend. The 
percentage of zero days fluctuated downwards. 

5.4.6 Target: Silver warehou, Mernoo 

This fishery took 10% (7%) of the stargazer catch, in areas 21, 401, and 407 centred on 
Mernoo Bank. Catches have fluctuated, with peaks in 1991 and 1995. The catch and effort 
trends were dissimilar. The CPUE trend, however, did follow the trend in catches. There was 
no trend in the percentage of zero days. 

5.4.7 Target: Squid, Mernoo 

This fishery took 4% (3%) of the stargazer catch, in areas 21, 401, and 407 centred on 
Mernoo Bank. Catches were small and erratic, the effort trend followed the trend in catches, 
but CPUE - though apparently also influenced by catches - did show a decline. There were 
large fluctuations in the percentage of zero days, but with a slight decline. 



5.4.8 Target: Stargazer, Chatham 

This fishery took 5% (4%) of the stargazer catch, in areas 49 and 50 north of Chatham 
Islands. Catches have been small and highly variable, and effort and CPUE trends have 
generally reflected the pattern of catches. There was no trend in the percentage of zero days. 

5.4.9 Target: Scampi, Mernoo 

This fishery took 13% (10%) of the stargazer catch, in areas 21 and 401 centred on Memoo 
Bank. Catches started in 1992, peaked in 1993 and 1994, and subsequently declined. The 
effort trend was similar. CPUE, however, increased to 1995 and then declined. There was no 
trend in the percentage of zero days. 

5.4.10 Target: Hoki or ling, Mernoo 

This fishery took 37% (26%) of the stargazer catch, in areas 21, 23, and 401 centred on 
Mernoo Bank. There were peak catches in 1991, followed by smaller and erratic catches. 
Effort increased from 1990 to 1997 but with a dip in 1994. CPUE essentially followed the 
catch trend. The percentage of zero days increased, mainly influenced by the larger fishery for 
hoki. 

5.4.1 1 Target: Silver warehou or squid, Mernoo 

This fishery took 14% (10%) of the stargazer catch, in areas 21, 401, and 407 centred on 
Mernoo Bank. As for silver warehou alone, catches fluctuated, with peaks in 1991 and 1995. 
The effort trend only partly followed catch trends. The CPUE trend, however, did follow 
catch trends, with - as for squid alone - a slight decline. There was no trend in the 
percentage of zero days. 

5.4.12 Target: Barracouta or stargazer, Chatham 

This fishery took 9% (7%) of the stargazer catch, in areas 49 and 50 north of Chatham 
Islands. There were moderate catches in 1990, 1991, and 1996, small catches in other years. 
Catch, effort, and CPUE trends were similar. There was an increase in the percentage of zero 
days. 

5.4.13 Target: All main species, Mernoo 

This fishery took 73% (52%) of the stargazer catch, in areas 21, 23, 401, and 407 centred on 
Mernoo Bank. There were peak catches in 1991, moderate catches from 1992 to 1996. Effort 
increased to 1993, then varied. The CPUE trend, however, closely followed the catch trends. 
There was a decline in the percentage of zero days to 1994, followed by a recovery. 

5.4.14 Target: All main species but scampi, Mernoo 

In this data subset scampi were excluded because of the specialised nature of scampi trawling. 
This fishery for fish and squid took 59% (43%) of the stargazer catch, in areas 21, 23, and 
401 centred on Mernoo Bank. There were peak catches in 1991, followed by smaller and 
erratic catches. Effort generally increased, apart from a drop in 1994 coming mainly from the 



hoki fishery (see Section 5.4.1). The CPUE trend closely followed the catch trend. The 
percentage of zero days increased slightly fiom 1990 to 1997 (1989-90 to 1996-97). 

5.5 Discussion of CPUE trends 

The Chatham Rise, STA 4 plus the Memoo Bank portion of STA 3, does not support a 
particularly large fishery for stargazer. Apart fiom a catch of over 900 t in 1990-91, catches 
have been about 100-200 t annually during the 1980s and 300-500 t in the 1990s. Catches 
are concentrated around the Mernoo Bank and on the northern Chatham Islands shelf. 

Stargazer are taken primarily as bycatch in eight fisheries for other target species. In the 
target stargazer fishery stargazer make up 30% of the total (estimated) catch, but this accounts 
for only 6% of STA 4+ landings. In the other target fisheries, stargazer are between 6% and 
17% of the total (estimated) catch. At this low level stargazer will often not be included in the 
five species listed in the CELR and TCEPR estimated catch records. 

The stargazer unstandardised CPUE values in many of the individual or paired target fisheries 
tended to follow the annual catch history of stargazer, so that years of high catches were also 
years with high CPUE. Unstandardised CPUE does not appear to track effort, because in the 
hoki fishery effort has been constant since 1992 but CPUE has dropped. 

There appear to be two reasons for the unsatisfactory CPUE trends in individual fisheries: the 
stargazer catch was too small in absolute terms, and it was too low as a percentage of the total 
catch (fishlsquid/scampi) in the target fishery. To aggregate data, the stargazer bycatch in a 
combination of most of the main target fisheries in the Memoo region was considered: hoki, 
ling, barracouta, red cod, silver warehou, and squid (see Section 5.4.14). This combination 
made up 75% of the estimated stargazer catch in the Memoo region. However, it was still 
only 5% of the total fish (plus squid) catch taken collectively in these fisheries. 

For ths  combination of fisheries, the unstandardised CPUE trend essentially followed the 
trend of catches, but with considerable fluctuation. It was, naturally, driven largely by the 
trend of the largest (hoki) fishery. The other possible measure of abundance, the proportion of 
zero days - the days when there was fishing for at least one of the target species but 
stargazer were not included in the top five species caught - increased during the same 
period. 

There is no real evidence for a decline in stargazer CPUE. However, it is unlikely that 
unstandardised CPUE is monitoring stock abundance. The different fisheries on the Chatham 
Rise - at least in terms of nominated target species - showed different periods of high 
stargazer CPUE, e.g., for silver warehou and squid fisheries it was high in 1994-95 and 
1995-96, for scampi in 1994-95, and for red cod in 1993-94 to 1995-96. The reason for this 
variation is not known. It may result fiom changes in the abundance of other species in these 
fisheries, with stargazer qualifying as one of the top five estimated species less often in some 
years, or it may reflect some annual or seasonal change in the availability of stargazer to trawl 
gear; this is suggested by the almost two-fold variation in trawl survey CPUE between 
January 1995 and January 1996, despite reasonably low c.v.s of 14% and 20% (see Section 6. 
Trawl surveys). 



6. Trawl surveys 

Trawl surveys of the Chatham Rise have been conducted by R.V. Tangaroa since 1992. The 
survey design, stratum areas, and objectives of the earlier surveys have been summarked by 
Horn (1994a). The trawl surveys were standardised as far as possible following the 
recommendations of Hurst et al. (1992). All surveys used a 60 rnm mesh codend. 

Biomass estimates and c.v.s for stargazer were calculated for the trawl surveys using the 
Trawl Survey Analysis programme (Vignaux 1994). A number of steps were taken to ensure 
standardisation between surveys. These included standardising the stratum areas and total 
survey areas for each time series, using length-weight relationships estimated for that survey, 
and excluding stations with poor gear performance. Details of the parameters used for 
calculating the biomass and scaled length frequencies for each of the surveys are given in 
Appendix 1. 

Two stocks were defined: an eastern stock comprising STA 4 east of longitude 180" 
(STA 4E), and a western stock comprising STA 4 west of longitude 180" plus that section of 
STA 3 on the western end of the Chatham Rise (STA 4W-t). 

The biomass estimates are shown in Table 7. The values for the western stock have fluctuated 
but show no trend, and those for the eastern stock show a fluctuating downward trend. The 
corresponding scaled length frequencies are shown in Figures 5 and 6. There were no obvious 
modes of smaller fish present and so estimates of year class strength could not be made fiom 
these data. 

Table 7: Estimation of stargazer biomass on the Chatham Rise 

Total East Chatham Rise West Chatham Rise 
Year Survey Month Biomass (t) c.v. % Biomass (t) c. v.% Biomass (t) c.v.% 
1992 TAN9106 Dec-Jan 2 570 11.1 1021 18.0 1 550 14.2 
1993 TAN92 12 Dec-Feb 2 560 13.1 1 159 25.9 1 403 10.7 
1994 TAN9401 Jan 2853 11.9 986 22.0 1867 13.9 
1995 TAN9501 Jan 1429 13.0 716 12.8 713 22.7 
1996 TAN9601 Jan 3 039 16.3 1 002 20.2 2015 22.4 
1997 TAN9701 Jan 2 328 14.5 768 21.4 1 537 19.1 
1998 TAN9801 Jan 1702 13.6 602 23.1 1 020 17.6 
Note: 
1. Full survey details are contained in (survey, author): TAN9106, Horn 1994a; TAN9212, Horn 1994b; 
TAN9401, Schofield & Horn 1994; TAN9501, Schofield & Livingston 1995; TAN9601, Schofield & 
Livingston 1996; TAN9701, Schofield & Livingston 1997; TAN 9801, Bagley & Hurst 1998. 

7. Commercial length frequency data 

Length frequency data for stargazer have been collected by scientific observers fiom several 
target fisheries, including those for scampi, hoki, barracouta, and silver warehou. The size 
distributions of stargazer from the scampi and non-scampi fisheries were compared to 
determine whether the different fisheries took different sizes of fish (Figure 7). Although the 
data were not statistically tested, there appeared to be no consistent difference in stargazer 
size between the two groups, so the data were summed (Figure 8). The fishery takes similar 
size fish to those sampled by the trawl surveys. 



8. Biological parameters 

8.1 Age, growth and natural mortality 

The biological parameters for stargazer (Table 8) have been used for both the eastern and 
western STA 4+ stocks. The length-weight coefficients were calculated in the present study 
fiom fish collected during all Tangaroa surveys of the Chatham Rise. No other biological 
data are available from fish from the Chatham Rise. Sutton (1999) estimated M and the von 
Bertalanffy growth parameters from fish collected in STA 5 during the Southland Tangaroa 
trawl surveys. The size distribution of fish from the Chatham Rise and Southland trawl 
surveys is reasonably similar, particularly for males (Figure 8). Males and females in the two 
surveys had modes at similar sizes of about 45-50 cm and 55-70 cm respectively, and 
reached similar maximum lengths of about 65 cm and 80 cm respectively. The STA 5 growth 
parameters and estimate of M have therefore been used for both STA 4+ stocks in the present 
study. A similar assumption was made when the STA 2 fishery was modelled by SEAFIC 
consultants as part of the adaptive management programme (P. Starr, N.Z. Seafood Industry 
Council, unpubl. data). 

Table 8: Summary of the biological parameters obtained or assumed for both STA 4+ stocks 

Parameter Females Males 
M 0.23 0.23 
L, 73.92 59.12 
K 0.18 0.19 
tO - 0.22 - 1.19 
a 0.0052 0.0 102 
b 3.29 3.11 
Note: See text for derivation of values. 

9. Trawl survey vulnerability, fishing selectivity, and maturity ogives 

No published estimates of trawl survey vulnerability, maturity, and fishing selectivity ogives 
are available for any stargazer stocks. Sutton (1999) presented the scaled age frequency of 
male giant stargazer sampled fiom trawl surveys off Southland. His data suggest that males 
first become vulnerable to the trawl (60 rnm codend mesh) at about age 3, and are probably 
fully vulnerable by age 6-7 (which equates to a length of 45-48 cm). The unscaled length- 
frequency distribution for males fiom this survey series peaks at 48-51 cm (see Figure 8). No 
age frequency data were given for females. Given that the size distribution of males fiom the 
Chatham Rise and Southland trawl surveys is very similar (see Figure 8), a similar trawl 
survey vulnerability can be assumed for male stargazer on the Chatham Rise. Also, given the 
similar size distribution of fish fi-om the trawl surveys and commercial fishery on the 
Chatharn Rise (see Figure 8), the fishing selectivity pattern for males is assumed to be the 
same as the trawl survey vulnerability. 

The length-frequency distribution for females from the Southland trawl survey series peaks at 
about 58-60 cm (see Figure 8), suggesting that fish become fully vulnerable at this length, 
which equates to an age of about 9 years. Females first become vulnerable to the trawl at 
about the same size (and age) as males. The length-frequency distributions from the 
Southland and Chatham Rise regions are almost identical (see Figure 8). It is not known 
whether the minor differences are attributable to differences in selectivity, productivity 



parameters, or year class strengths. In the absence of other data, it is assumed that female 
stargazer on the Chatham Rise have a selectivity similar to those from Southland. 

The trawl survey vulnerability ogives and fishery selectivity ogives on the home ground for 
male and female giant stargazer were estimated based on the preceding information (Table 9). 

Table 9: Model input parameters for the STA 4+ assessment 

Parameter Estimate 

Steepness 
Recruitment variability 
Proportion spawning 
Spawning season length 
M 
Maximum exploitation: rb -,,, r,,,, 
Minimum exploitation at highest catch: rh--, I,,,,,-,, (STA 4W+) 
Minimum exploitation at highest catch: rh--, rh-,, (STA 4E) 

Maturity ogive Age 2 3 4 5 6 7 8 9 
Male 0.00 0.10 0.17 0.33 0.80 1.00 1.00 1.00 
Female 0.00 0.05 0.05 0.11 0.13 0.29 0.60 1.00 

Trawl survey vulnerability 
& home ground selectivity Age 2 3 4 5 6 7 8 9 

Male 0.00 0.10 0.25 0.50 0.90 1.00 1.00 1.00 
Female 0.00 0.05 0.10 0.20 0.30 0.50 0.80 1.00 

No data linking age and maturity during the spawning season are available. However, data 
collected during trawl surveys shows that fish of both sexes with maturing gonads first begin 
to appear at lengths of 35-40 cm (age 3-4 years). It has been assumed that the maturity 
ogives for both sexes are the same as those estimated above for trawl survey vulnerability and 
selectivity, and are presented in Table 9. (Note that owing to requirements of the modelling 
software, the presented values are not the cumulative ogive values, but are the change in 
ogive over the previous value.) 

The age at maturity and the age at recruitment to the STA 2 fishery was assumed to be knife- 
edged at age 5 for both sexes when it was modelled by SeaFIC consultants in 1997 (P. Starr, 
unpubl. data). 

10 Stock assessment 

10.1 Model inputs 

The distribution of stargazer catches from the Chatham Rise indicates two clearly separate 
concentrations of the species; one primarily to the north and west of the Chatham Islands and 
the other adjacent to the Mernoo Bank (see Horn 1994a). In preliminary discussions, the 
Working Group requested that these be modelled as two separate stocks east and west of 
longitude 1 80°, and that the landings fiom statistical areas 19, 2 1, and 23 (the Chatham Rise 
part of STA 3) be included with those from the western stock. 



Table 10: Catch histories (t) for the western (STA 4W+) and eastern (STA 4E) stocks of stargazer on the 
Chatham Rise. "STA 4+" landings from Table 1. Propn. E, the proportion of the STA4+ landings 
assumed to have been taken from the eastern stock 

Year "STA 4+" Propn. E STA 4W+ STA 4E 

Notes: 
1. 1980 and 1989 landings were estimated as means of the previous and following years. 
2. Landings for 1997 and 1998 are assumed. 
3. Proportion East derived for individual years 1990 to 1997 fiom actual estimated landings. 
4. Proportion East for 1998 assumed to be the same as for 1997. 
5. For all other years, Proportion East was taken as the mean value of years 1990-1997. 

Catch histories for the eastern (STA 4E) and western (STA 4W+) stocks were derived as 
follows. Landings from "STA 4+" were obtained for 1979 to 1996 fiom Table 1, and it was 
assumed that landings had been 50 t annually from 1968 to 1978. Annual landings of 500 t 
were assumed for 1997 and 1998. The proportions of the "STA 4+" landings attributable to 
each stock were calculated fiom actual estimated landings by statistical area in years 1990 to 
1997, and fiom a mean of these proportions for all other years (Table 10). All the catch from 
both stocks was assurned to have been taken in the home grounds. 

The only relative abundance indices available were fiom a series of trawl surveys of the 
Chatham Rise conducted annually in January since 1992. Separate series of indices were 
calculated for the eastern and western stocks (see Table 7). Trawl survey indices were 
assigned a c.v. of 0.25. No catch-at-age data were available. Unstandardised CPUE indices 



were derived, but were considered unlikely to be monitoring stock abundance (see Section 5) 
and were not included in the model. 

The least squares and single-stock MIAEL estimation procedures were used to model the two 
stargazer stocks. Full descriptions of these procedures are given in Cordue (1995, 1996, 
1998). Although the single stock model allows the specification of spawning and non- 
spawning components of the catch, both stargazer stocks were modelled assuming a 
spawning season of zero length, with all catch taken fiom the home ground. Estimates of 
biological parameters and of model parameters used in the assessments are given in Tables 8 
and 9 respectively. The steepness parameter is fiom the Beverton and Holt stock-recruitment 
relationship. The proportion spawning is assumed to be 1 .O in the absence of data. Sensitivity 
tests using values of M of 0.18 and 0.28 were conducted. 

The maximum exploitation rate was taken as 0.5 on the home ground (r,, ,,) and on the 
spawning ground (rsp-mx), and values of 0.3 for both parameters were tested in sensitivity 
runs. The values of r,, , and r, determine B,,, the lowest value of B, that is consistent 
with the catch history: The minimum exploitation rates (rh-- and r,--) are the lowest 
values that the exploitation rates are believed to have been in the year that the exploitation 
was highest. A value of 0.01 was used for the spawning and pre-spawning seasons for 
STA 4W, while a smaller value of 0.005 was used for STA 4E where the landings level was 
very low. Assumptions about r,,-- and rSp-- determine the value of B,, the highest level 
that is believed to be feasible for B,. The values of B,, and B, are used as bounds for 
estimates of B,. 

10.2 Biomass estimation 

Estimates of mid-spawning season virgin biomass (B,), and mid-spawning season mature 
biomass for 1997-98 (B,,,), and current mid-spawning season biomass as a percentage of 
B,, were obtained and are presented in Table 11. 

For STA 4W+, current biomass (B,,,) is estimated to be 35% of B, (range 5-96%). Because 
the bounds for the estimated biomass are very wide, the information index appears reasonable 
(52%), but the uncertainty associated with this assessment is considerable. The biomass 
trajectory at B,, is strongly influenced by the large catch in 199 1 (Figure 9). 

The model indicates that STA 4E has declined more rapidly than the western stock, with 
current biomass (B,,,) being estimated to be only 27% of B, (range 497%). As for the 
STA 4W+ assessment, the bounds for the estimated biomass are very wide, but the 
information index is high (65%). However, the assessment is still very uncertain. The 
biomass trajectory at B,, is strongly influenced by relatively large catches fi-om 1990 to 199 1 
and fi-om 1996 to 1998 (Figure 9). 



Table 11: Least squares (LSQ) and best k estimates of biomass, and MIAEL estimates of p, biomass 
(MIAEL) and information indices (Info.), for base case and sensitivity model runs. All biomass estimates 
are in tonnes. MIAEL estimates of B,,,, as a percentage of virgin biomass (% B,) are also presented 

Estimate Model run Bounds (B,, - B,U) LSQ best k p MIAEL Info. % B, 
(%) ("3) 

STA 4W+ 
BO Base case 1970-45 770 3 970 6 480 0.103 6 220 7.5 

M = 0.18 2 350- 53 260 5 090 7 670 0.132 7 330 10.6 
M = 0.28 1970- 38 770 3 130 6 180 0.050 6 030 2.2 
r,, = 0.3 2 280-45 630 3 970 7 190 0.101 6 870 7.3 

%,im Base case 90 - 43 940 2 090 560 0.524 1 360 52.1 3 5 
M = 0.18 50 - 51 040 2 810 350 0.622 1 880 63.8 3 8 
M = 0.28 390- 37 250 1 570 1 800 0.232 1740 14.2 42 
r- = 0.3 360 - 43 800 2 090 1 740 0.534 1 930 51.3 44 

STA 4E 
Bo Base case 570 - 20 840 880 2110 0.133 1940 12.8 

M = 0.18 720- 24 350 1060 2 610 0.123 2 420 11.4 
M = 0.28 490 - 17 720 780 1810 0.134 1670 12.9 
r,, = 0.3 720 - 20 840 910 2 510 0.097 2 350 7.6 

Bmid98 Base case 30 - 20 260 290 200 0.651 260 64.9 27 
M = 0.18 50 - 23 670 370 310 0.607 350 58.8 29 
M = 0.28 30 - 17 210 280 190 0.623 250 60.8 29 
r,, = 0.3 180 - 20 260 360 860 0.405 660 31.6 40 

The model fits to the trawl survey biomass indices are shown in Figure 10. The estimated 
trawl q values are reasonable for STA 4W+ (0.52), but highly questionable for STA 4E 
(1.19). It was expected that the q values would be similar (as they are derived fiom the same 
trawl survey series), and they should certainly be less than 1. Because the model results 
presented here are largely driven by the trawl survey indices, which constitute the only 
estimates of abundance for these stocks, the unsatisfactory q for STA 4E suggests that the 
uncertainty associated with this assessment should be considered to be high. 

Estimates of B, for both stocks were found to be relatively sensitive to changes in M and r-. 
Information indices ranged between 2 and 13%, indicating that the point estimates of virgin 
biomass are very poorly known. The information indices for B,,, (1445%) are generally 
much better than those for B,, but the bounds around B,,, are very wide. Information indices 
greater than 40% are considered reasonable (P. Cordue, NIWA, pers. cornrn.), but they must 
be viewed in conjunction with the bounds. An estimate with a good information index, but 
very wide bounds, still constitutes an uncertain assessment. 

10.3 Yield estimates 

The method used to estimate MCY was MCY = p.B,, where p is determined for each stock 
using the method of Francis (1992) such that the biomass does not drop below 20% B, more 
than 10% of the time. Estimates of MCY are given in Table 12. For STA 4W+, estimated 
annual landings have exceeded the MCY in only one year. For STA 4E, landings have been 
lower than the MCY in all years up to 1996, after which landings approximating the MCY 
were taken. For both stocks, estimates of current biomass are considerably lower than BMm. 



Table 12: MIAEL estimates and information indices (Info.) of BMm (as % of B,), MCY (as % of B,) and 
MCY (t), for all model runs for STA 4W+ and STA 4E 

Fishstock Model run BMcy (%B,) MCY (% B,) MCY Info. MCY range 

STA 4W+ Base case 40.9 8.8 550 7.5 170-4 050 
M = 0.18 39.7 6.9 510 10.6 160 - 3 860 
h4 = 0.28 41.2 11.1 670 2.2 220 - 4 300 
r , ,  = 0.3 40.9 8.9 610 7.3 200 - 4 050 

STA 4E Base casc 41.0 8.8 170 12.8 50 - 1 840 
h4 = 0.16 39.7 6.9 170 11.4 50 - 1 680 
M = 0.26 41.3 11.1 180 12.9 50- 1960 
r,, = 0.3 4 1 .O 8.9 210 7.6 60 - 1 850 

10.4 Management implications 

Model results suggest that the virgin stargazer stock on the western Chatham Rise was about 
four times the size of the eastern stock. Both stocks have since declined, but by different 
degrees. Best estimates suggest that the western stock is now about 35% of B,, and the 
eastern stock is about 27% of B,, but the bounds around these estimates are very wide. These 
assessments are largely driven by the trawl survey indices and the high early catches. The 
unsatisfactory estimate of trawl q for STA 4E highlights the uncertainty of the assessment for 
this stock. It is not known whether the current catch level or TACC will allow the stock to 
move towards a size that will support the MSY. 

The ageing method used for stargazer is yet to be validated. Otolith interpretation is difficult, 
so the available growth parameters must be considered to be preliminary. Consequently, the 
chosen value of M and the selectivity ogives used in the model are also uncertain. No 
information on the variability of year class strengths is available for either stock. The current 
trawl survey series is probably providing a reasonably precise series of relative abundance 
indices, although there is no sampling in waters shallower than 200 m. The continuation of 
this series is likely to prove useful in future assessments. It is considered very unlikely that 
any analysis of CPUE would produce a useful relative abundance series. 

It is unlikely that improved assessments of the STA 4 stocks will be possible until 
uncertainties surrounding the productivity parameters are resolved. If they can be resolved, 
then comprehensive sampling of the commercial catch over one year should enable the 
calculation of fishing selectivities, and indicate the likely extent of recruitment variability. At 
that stage, a re-assessment of the stocks using a stock reduction technique (perhaps similar to 
that used in the current assessment), and incorporating an extended series of trawl biomass 
indices, could well prove fruitful. 

Almost half of the landings from the western stock (STA 4W+) incorporated in this 
modelling work, as well as part of the trawl survey data, are taken fiom QMA 3. The results 
thus have some bearing on the management of the STA 3 Fishstock. 
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Figure 1: Reported stargazer landings from the Chatham Rise, 1979 to 1997, combining STA 4 with the 
easternmost part of STA 3 (statistical areas 19, 21, 23) which covers the western end of Chatham Rise. 
Landings from years before 1979 are not available, but an annual catch of 50 t was assumed for the period 
1968-78. From 1986-87 (STA 4) and 1989-90 (STA 3) the years are Oct-Sep fishing years; earlier years 
are variably calendar years o r  Apr-Mar years, and (especially in 1983) may represent-less than 12 months. 
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Figure 2: Upper panel, Chatham Rise, showing STA 3, STA 4, STA 4+. Lower panels, the groupings of 
fishing statistical fishing return areas in STA 4+ for the different target fisheries used to interpret 
stargazer catch data. 
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Figure 3: Catch, effort, and unstandardised CPUE for stargazer taken as bycatch in target fisheries on the 
Chatham Rise (STA 4+), 1989-90 to 1996-97 (the latter year is incomplete). Catch in tonnes, effort as all 
days fished for the nominated target species. CPUE is (estimated) catch per day (all days fished for the 
target species), and catch per "stargazer day" (the subset of days on which stargazer were reported 
caught). 
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Figure 3: (continued) 



Mernoo 
Target: Silver warehou 

Mernoo 
Target: Silver warehou 

Catch (1) 
80 

No. day. Catch (1) 
80 

CPUE (1) 
, 2  

Fishing year Fishing year 

Mernoo 
Target: Squid 

Mernoo 
Target: Squid 

Catch (1) 
35 

CPUE (t) 
, 2  

Fishing year Fishing year 

Mernoo 
Target: Silver warehou or Squid 

Mernoo 
Target: Silver warehou or Squid 

Catch (1) 
1207 

No. days 
1180 

Catch (t)  
1201 

CPUE (1 

. . . ,  

1989 90 91 92 93 94 95 96 97 98 
Fishing year Fishing year 

Figure 3: (continued) 
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Figure 3: (continued) 
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Figure 3: (continued) 
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Figure 4: Total and unsuccessful effort in target fisheries on the Chatham Rise (STA 4+) in which 
stargazer were taken as bycatch, 1989-90 to 1996-97 (the latter year is incomplete). Total effort is all days 
fished for the nominated target species, unsuccessful effort is the percentage of all targeted days on which 
stargazer were not caught. 
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Figure 4: (continued) 
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Figure 5: Scaled length frequencies for male and female giant stargazer Kathetostoma giganteum for the 
western Chatham Rise, from Tangaroa Chatham Rise trawl surveys from 1992 to 1998. The western 
Chatham Rise is defined as the area to the west of 180" longitude, including the section of Mernoo Bank in 
STA 3. 
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Figure 6: Scaled length frequencies for male and female giant stargazer Kathetostoma giganteum for the 
eastern Chatham Rise, from Tangaroa Chatharn Rise trawl surveys from 1992 to 1998. The eastern 
Chatharn Rise is defined as the area to the east of 180" longitude. 
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Figure 7: Length frequency distributions of male and female giant stargazer in the Chatham Rise target 
fishery for scampi, and in all target fisheries for species other than scampi (mainly hoki, ling, silver 
warehou, barracouta, red cod, and squid), from scientific observer data from 1991 to 1997. 
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Figure 8: Unscaled length-frequency distributions of male and female giant stargazer from the Chatham 
Rise commercial fisheries for all species (scientific observer data 1991 to 1997), Chatham Rise trawl 
surveys (Tangaroa surveys 1992 to 1998), and Southland trawl surveys (Tangaroa surveys 1993 to 1996). 
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Figure 9: Estimated biomass trajectories for B, at B,, and B,,, and the MIAEL estimate of current 
biomass as a percentage of B, (B,,), for the western and eastern stargazer stocks. 
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Figure 10: Fits of estimated abundance (joined closed circles) relative to the observed trawl survey indices 
(open circles) for the western and eastern Chatham Rise stargazer stocks. The estimated values of trawl q 
(catchability) are 0.52 for STA 4W+ and 1.19 for STA 4E. 



Appendix 1. Trawl survey analysis parameters. 

The trawl survey analysis used recorded catch weights, distance, and doorspread. 

East Chatham Rise strata 
1992: 3,4, 10, 11, 12, 13,21,22, 23 
1993-1995: 3,4, 10, 11, 12, 13,21,22, 23, 25 
1996-1998: 3,5,9, 10, 11, 12, 13, and those parts of 2 & 4 east of longitude 180" 

West Chatham Rise strata 
1992-1995: 1,2, 5,6,7,8,9, 14, 15, 16, 17, 18, 19,20,24 
1996-1998: 1,6,7,8,  14, 15, 16, 17, 18, 19,20, and those parts of 2 & 4 west of longitude 180" 

Areal availability (krn2) for 1996 & 1997 
Stratum 2 Stratum 4 
East = 8498.8 East = 5884.2 
West = 3257.2 West = 5430.8 

The sum of the biomass estimates for 1996, 1997, and 1998 in Table 7 do not match the totals because strata 2 
and 4 were split between east and west. 

Length-weight coefficients for the equation W = aLb where W = weight (g) and L = length (cm). For TAN9106 
and TAN9212, coefficients from TAN9401 were used because the surveys were in the same place and in the 
same season, and TAN9401 was the nearest in time to the earlier surveys. 

Source a b n Range (cm) 


