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EXECUTIVE SUMMARY 

Beentjes, M.P.; Horn, P.L.; Bagley, N.W. (2007). Characterisation of Chatham Rise sea perch 
fishery. 

New Zealand Fisheries Assessment Report 2007116.84 p. 

Sea perch (Helicolenus percoides) are distributed around the New Zealand mainland but are most 
abundant off the east coast South Island and on the Chatham Rise. Sea perch was introduced into the 
QMS on 1 October 1998. The SPE 4 TACC was initially set at 533 t and was exceeded on average by 
about 60% for the first four years, most notably in 2002-03 (when catches peaked) and 2003-04. In 
response to the consistent overcatch, the TACC was increased to 910 t for the 2004-05 fishing year, 
and the T ACC was undercaught, but only by 1 %. The main purpose of this report is to determine the 
reason for the substantial increase in landings of sea perch in SPE 4 in 2002-03 and 2003-04. To 
address this we reviewed temporal and spatial patterns of sea perch abundance, size, and age 
structure. We also examined the spatial and temporal distribution of commercial catch and effort, the 
level of reporting accuracy by commercial vessels, and ancillary data. 

Sea perch biomass estimates from the 15-year time series of Tangaroa surveys on the Chatham Rise 
showed a peak abundance in 2002, similar to that of the landed catch in SPE 4. The proportion of the 
total survey biomass of all species that was made up by sea perch followed the same trend as sea perch 
biomass, indicating that relative to the biomass of other species caught on the survey, sea perch 
abundance increased until 2003. During the three years leading up to the peak, juveniles contributed an 
increasingly greater proportion of the biomass. There was no evidence of spatial variation in the 
distribution of sea perch over the time series. Hence, sea perch biomass from these surveys probably 
indexes abundance, and the peak catches in the commercial fishery in 2002-03 and 2003-04 reflect a 
period of high abundance. 

There were no changes in spatial distribution of sea perch size within the Chatham Rise over the 
Tangaroa trawl survey time series. The progression of at least one strong cohort, first appearing in 
1999, provides an explanation for the large Tangaroa biomass estimates of 2002 and 2003. This is 
further supported by the observer length frequency distributions which indicate that in 2002 and 2003 
smaller fish between about 15 and 26 cm are well represented in the commercial catch, consistent 
with the distributions from Tangaroa trawl surveys over the same period. 

The 2002 and 2003 numbers-at-age distributions are similar, both being dominated by relatively 
strong year classes born in 1995 and 1996. Fish from these cohorts are generally 15 to 20 cm long and 
correspond to strong modes apparent in both the Tangaroa and observer length frequency 
distributions in 2002 and 2003. Strong recruitment in 1995 and 1996 has resulted in an increased 
abundance of sea perch around 2002 and 2003 which could explain the high Tangaroa biomass 
estimates and large commercial catches around this time. 

Analyses of gear and fishing parameters, and fishing effort and catch rate distributions by area and 
year, of the main sea perch bycatch fisheries (i.e., hoki, hake, and scampi) showed that there had been 
no marked changes that could explain the elevated landings of sea perch in 2002-03 and 2003-04. A 
target fishery for sea perch developed in 2001-02, and was most productive in the two years of peak 
landings. The effort targeting sea perch was essentially transferred from the hoki target fishery. 

Analysis of catch rates from commercial TCEPR and observer data showed that for both data sets 
annual catch tended to mirror catch rates and peaked in 2003, corresponding to the peak catch year of 
2002-03. There were no changes in the spatial distribution of effort by commercial vessels or 
observed vessels. These findings indicate that the peak landed SPE 4 catch in 2002-03 was not a 
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result of under-reporting before 2002-03, but that catch reflected actual abundance of sea perch on 
the Chatham Rise. 

The Tangaroa sea perch biomass indices for the west Chatham Rise (SPE 3, west of 1760 E) did not 
show an increase around 2002-03 and 2003-04 corresponding to that in SPE 4, nor did commercial 
landings in SPE 3. The SPE 3 fishery appears to be largely independent of that in SPE 4, and is 
probably a separate stock with little mixing. Hence, any trends in SPE 3 should not be extended to 
interpretation of the sea perch fishery in SPE 4. 

In summary, the consistent conclusion from these analyses is that the increase in SPE 4 catch, which 
peaked in 2002-03, reflected increased abundance of sea perch on the Chatham Rise resulting from 
recruitment of several strong cohorts to the fishery in 2002 and 2003. There were no changes in 
spatial distribution of effort or spatial distribution of sea perch, and no evidence of misreporting that 
would explain the increase in catch in 2002-03. The reported target fishery for sea perch (mainly in 
2002-03 and 2003-04) probably developed in response to an increased abundance of the species; 
even if this fishery is ignored, total landings of sea perch bycatch from other fisheries still exhibit a 
marked peak in 2002-03. 
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1. INTRODUCTION 

Sea perch (Heliealenus perea ides) belong to the family Scorpaenidae. Until 1998 it was thought there 
was also a deepwater species (H. barathri), but molecular identification techniques (Smith 1998) have 
shown that this is not so, and a single species is now recognised. This simplifies both the management 
of the species and interpretation of research and commercial fisheries data. 

1.1 Fishery 

Sea perch are distributed around the New Zealand mainland and are most abundant off the east coast 
South Island and on the Chatham Rise. They are found on the continental shelf and slope in a wide 
depth range between 100 and 800 m, but are most abundant at about 400 m (Anderson et al. 1998). 
Sea perch in SPE 3 (QMA 3) are taken predominantly as bycatch of the target red cod and barracouta 
trawl fisheries by smaller inshore vessels, and from deepwater trawlers targeting hoki on the western 
end ofthe Chatham Rise (Sullivan et al. 2005) (Figure 1). In SPE 4 (Chatham Rise) sea perch is taken 
mainly as bycatch from large trawlers targeting hoki and hake, but also from other trawl targets and 
from the auto line fishery targeting ling. 

1.2 Catch and TACCs 

Historical reported landings of sea perch are available only back to 1982-83, but because of under
reporting and discarding practices, the earlier landings in this time series are almost certainly 
underestimated (Figure 2). When sea perch was introduced into the QMS on 1 October 1998, accurate 
reporting was mandatory and therefore only after this time can the landings data be regarded as 
reasonably accurate. 

The TACC in SPE 4 was initially set at 533 t and was exceeded on average by about 60% for the first 
four years; three-fold in 2002-03 when catches peaked (Figure 2), and more than two-fold in 2003-
04. In response to the consistent over-catch, the TACC was increased to 910 t for the 2004--05 fishing 
year, and was under-caught, but by only 1 %. In SPE 3, landed catches were variable but increased 
gradually from 1982-83 through to a peak in 1995-96, before a steady decline that began in 1999-
2000 (Figure 3). The T ACC was exceeded in the first three years and was increased from 738 t to 
1000 t in 2001-02 under the Adaptive Management Programme. However, since that year landings 
have steadily declined, possibly owing to the withdrawal from the fishery of a key participant (Starr et 
al. 2006). The strong peak in catches observed in SPE 4 around 2002-03 was not apparent in SPE 3. 

1.3 Stocks 

Sea perch are managed as two separate fish stocks on the Chatham Rise (SPE 3, SPE 4; west and east 
of 1760 E, respectively) (Ministry of Fisheries Science Group (Comps) 2006) although little is known 
of biological stock boundaries. Geographic variations in colour patterns among sea perch populations, 
and the squat body form, suggest that movement is limited (Paul 1998). The relationship between sea 
perch in the eastern coastal waters of the South Island and on the western Chatham Rise is unknown. 

1.4 Age, growth, and maturity 

An ageing methodology for sea perch was developed by Paul & Francis (2002), based on reading 
annual rings in sectioned otoliths collected from the east coast South Island, augmented with a few 
larger fish from the Chatham Rise. Although not formally validated, length-frequency modal 
progression from the Chatham Rise and east coast South Island trawl surveys were in agreement with the 
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von Bertalanffy growth curves. Further, the growth curve was similar to that obtained for H pereaides in 
Australia (Withel & Wankowski 1988). Sea perch growth is relatively slow (about 2-3 cm per year) 
with commercial sized fish (15-50 cm) aged between about 5 and 40 years old. Maximum age of 
Chatham Rise fish was found to be 43 years, with an estimated M of 0.10. Based on an estimated 
maximum unexploited age of 50 years, M would be 0.08. Maturity is reached at 19-25 cm and age 5-
7 years for males, and 15-20 cm and 5 years for females (Paul & Francis 2002). Sea perch are 
viviparous, and after mating females release fertilised eggs or developing larvae contained in a 
gelatinous and buoyant medium. 

1.5 Rationale for this study 

The very large catches in SPE 4 of 2002-03 (1685 t) and 2003-04 (1287 t) seem incongruous 
compared with those from previous years since introduction of the species into the QMS. The purpose 
of this report is to determine why there has been a substantial increase in landings of sea perch in SPE 
4. To address this we reviewed abundance indices from the trawl surveys of the Chatham Rise and 
east coast South Island, and catch and effort analyses of SPE 3. Second, we analysed temporal and 
spatial patterns of sea perch abundance, size and age structure from Tangaraa surveys and observer 
data. Third, we analysed the available Chatham Rise commercial fishery data for any spatial and 
temporal patterns, to show how the fishery operates and how it has evolved. Finally, we examined the 
level of reporting accuracy by commercial vessels. 

Overall objective 

1. To characterise the sea perch (Heliealenus perea ides) fisheries on the Chatham Rise. 

Specific objectives 

1. To determine spatial and temporal patterns in sea perch abundance on the Chatham Rise using 
data from R.V. Tangaraa trawl surveys. 

2. To determine spatial and temporal patterns in sea perch size/age structure on the Chatham Rise 
using otoliths and lengths collected during R.V. Tangaraa trawl surveys and by observers on 
commercial vessels. 

3. To determine relative year class strength of sea perch on the Chatham Rise based on otoliths and 
lengths collected during R.V. Tangaraa trawl surveys. 

4. To determine spatial and temporal patterns in commercial effort and sea perch CPUE on the 
Chatham Rise. 

5. To compare temporally catch rates of sea perch reported by observers and commercial vessels to 
determine how reporting rates may have changed over time. 
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2. METHODS 

2.1 Abundance from trawl surveys 

A time series of 15 annual research trawl surveys (Table 1) was carried out on the Chatham Rise from 
1992 to 2006 using R.V. Tangaroa to monitor hoki and other middle depth species (Hom 1994a, 
1994b, Schofield & Hom 1994, Schofield & Livingston 1995, 1996, 1997, Bagley & Hurst 1998, 
Bagley & Livingston 2000, Stevens et al. 2001,2002, Stevens & Livingston 2003, Livingston et al. 
2004, Livingston & Stevens 2005, Stevens & O'Driscoll 2006, 2007). All 15 surveys used the same 
vessel, trawl gear, gear deployment procedures, and depth strata, allowing temporal and spatial 
comparisons of biomass and catch rates. 

Two bottom surveys in 1984 and 1985 by F.V. Akebono Maru No. 73 in the depth range 50-400 m 
were carried out around the Chatham Islands (Hurst & Bagley 1987, 1992). 

2.1.1 Catch rates 

Sea perch catch rates (kg.km-2
) for each Tangaroa survey were extracted from the trawl database, 

plotted by tow (between 89 and 194 tows per survey), and scaled to the largest catch for the series. A 
separate plot of catch rates was made for each of the 15 surveys to examine both spatial and temporal 
patterns in catch rates. This was done for all fish, adults (over 24 cm), and juveniles (under 25 cm). 
For the 1992 survey, length frequencies were not measured and no breakdown by size was possible 
(Table 1). For surveys in 1993, 1994, 1995, and 2004 sea perch were not measured on all stations 
where they were caught so catch rates by size class could not be plotted for these stations. Length
weight data used to calculate catch rates by size were from each survey where available, or were derived 
from all data collected on the Chatham Rise from 1992 to 2003. 

To provide an estimate of the proportion of biomass not covered by the Tangaroa survey depths (i.e., 
less than 200 m), plots of sea perch catch rates from Akebono Maru No. 73 surveys around the 
Chatham Islands were also produced. 

2.1.2 Biomass estimates 

Relative biomass and coefficients of variation (c.v.) of all sea perch, juveniles (under 25 cm), and adults 
(over 24 cm), were estimated for each Tangaroa trawl survey using the Trawlsurvey Analysis Program 
(Vignaux 1994). For five surveys (see above) it was not possible to accurately estimate biomass for 
juvenile or adult fish because less than 30% of the catch had length frequency data for a given stratum. 
To examine spatial patterns in sea perch abundance, biomass was also estimated 1) by depth range (200-
400 m, 400-600 m, and 600--800 m) for all fish, and 2) by area (west and east of 1760 E, i.e., the 
boundary between SPE 3 and SPE 4) for all fish, juveniles, and adults (Figure 4). Note that strata 
bisecting the Veryan Bank are included in the eastern biomass estimates. Length-weight data used to 
calculate biomass were from each survey where available, or were derived from all data collected on the 
Chatham Rise from 1992 to 2003. 

From the Tangaroa trawl survey time series, the relative proportion of the total survey biomass (31 
species) that comprised sea perch was calculated to determine whether sea perch relative abundance has 
changed over time. This updates the proportions calculated up to 2001 by Livingston et al. (2002). 

Biomass in the 50-200 m and 200-400 m depth ranges from the 1984 and 1985 Akebono Maru No. 73 
surveys around the Chatham Islands was also estimated. 
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2.2 Size structure 

2.2.1 Tangaroa data 

Length frequencies were recorded for sea perch on all but the first Chatham Rise Tangaroa survey in 
1992, and in four surveys (1993, 1994, 1995, and 2004) sea perch were not measured for some stations 
(Table 1). For the remaining 10 surveys, sea perch were measured and sexed from each tow where they 
were caught. Note that sea perch were not measured on the Akebono Maru surveys around the Chatham 
Islands, so data on size structure of sea perch shallower than 200 m on the Chatham Rise are not 
available. 

Length-frequency data from the 1993-2006 Tangaroa Chatham Rise surveys were extracted and 
scaled using the Trawlsurvey Analysis Program (Vignaux 1994). To examine temporal patterns in size, 
data are presented as annual length-frequency histograms for males, females, and unsexed fish. 

Length distributions were also extracted by depth range (200-400 m, 400-600 m, and 600-800 m) to 
highlight any spatial patterns in size. Attempts to examine differences in length distributions from 
north and south, and east and west areas of Chatham Rise were abandoned because the changing 
stratification among surveys made this impractical. 

Modal progression from the length-frequency distributions was examined and any clear modes were 
plotted as modal length against year. 

2.2.2 Observer data 

All sea perch length-frequency data collected by observers (1996 to 2005) from tows within the area 
between 174° E and 175° W, and 42° Sand 45° S (specified in the tender document), were extracted 
from the obs _lfs database. The defined area includes part of SPE 3 including the Mernoo Bank and 
Mernoo Saddle (Figure 4). This ensured that only sea perch caught within the specified area of the 
Chatham Rise were included in our analyses. Length frequency was scaled to the tow catch weight 
using the NIW A catch-at-age program (Bull & Dunn 2002). To examine temporal patterns in size, 
data are presented as length-frequency histograms for males and females for each calendar year. 
Spatial patterns in length frequencies were examined by presenting the length-frequency data within 
one of four areas, i.e., northwest, northeast, southwest, and southeast Chatham Rise, where areas were 
defined as east and west of 179° Wand north and south of 44° S. (Northwest approximates to 
statistical areas part 18 and 20, 19 and 21, 401-403; northeast to 404-406, 049-050; southwest to 
023,407-409; southeast to 410-412, 051-052.) 

2.3 Age structure 

Sea perch otoliths have been collected on three of the Tangaroa Chatham Rise surveys: TAN0201, 
January 2002, n = 624; TAN0301, January 2003, n = 441; TAN0601, January 2006, n = 842. It was 
estimated that aged samples of about 450 otoliths would be necessary to produce catch-at-age 
distributions with mean weighted c.v.s of less than 30% (a level often set as a target for middle depth 
species). Consequently, all the TAN0301 otoliths were chosen for preparation, and 450 otoliths from 
each of the other two surveys were selected by sub-sampling. This was done by selecting otoliths (for 
each sex separately) from each 1 cm length class proportionally to their occurrence in the scaled 
length frequency from the survey, with the constraint that the number of otoliths in each length class 
(where available) was at least one. In addition, all otoliths from fish in the extreme right hand tail of 
the scaled length frequency (constituting about 2% of that length frequency) were selected. 
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Otoliths were prepared using the thin section method (Paul & Francis 2002), i.e., transverse sections 
about 350 !lm thick were cut from untreated otoliths and mounted in resin under a coverslip on glass 
slides. Information on the interpretation of otolith zones has been provided by Paul & Francis (2002), 
and their method was followed (note that this ageing method has yet to be validated). Each section 
was examined under transmitted light, at a magnification of x40, and complete dark zones (i.e., dark 
zones with light material outside them) were counted. Otolith clarity was classified on a scale from 1 
to 5 (1 is a certain count, 5 is unreadable). 

Catch-at-age for each survey was calculated separately by constructing, for each sample, age-length 
keys for each sex, and applying them to the scaled length frequency, using NIW A catch-at-age 
software (Bull & Dunn 2002). 

Age structure of the Chatham Rise population was compared with peak (2002) and post-peak (2006) 
catch years. Spatial patterns in age structure were investigated by depth and area. 

2.4 Patterns in commercial effort 

2.4.1 The data and data grooming 

The data comprised commercial catch and effort data of sea perch from SPE 3 and SPE 4 from the 
1998-99 to the 2004-05 fishing years. The data were extracted from the Ministry of Fisheries catch 
and effort database in June 2006. The catch and effort data are recorded by fishers on TCEPR (trawl, 
catch, effort and processing return), CELR (catch, effort and landing return), or LCER (lining catch, 
effort return) forms. 

TCEPR forms have an effort section (recording tow-by-tow data, with positions given by latitude and 
longitude, and estimated catch weights of up to five species), and a daily processing section 
(recording actual processed weights of all species, converted to green weights using the relevant 
conversion factors). 

As sea perch are often not recorded in the top five species, the analysis of TCEPR data used daily 
processed totals. TCEPRs were identified where sea perch was recorded in the daily processed 
summary and at least one of the tows in the effort section for that day started in the range 1740 E to 
1760 Wand 42-45 0 S. The data extracted were the processed catch of sea perch (converted to green 
weight) and the effort data for all the tows that could have contributed to that catch. Tow duration was 
calculated as the difference between the start and end times. Tow distance, in nautical miles, was 
calculated as the product of the tow duration and vessel speed. A single daily record of effort was 
produced by taking the medians of latitudes, longitudes, depths, net widths and headline heights, and 
the sum of tow distances. Some of the median positions were outside the area of interest, so all the 
data from that TCEPR were removed from further analyses. Target species was taken as the modal 
reported target for that day (i.e., if there were three reported tows, two targeting hoki and one 
targeting hake, then target species was taken as hoki). Table 2 lists the variables, including derived 
variables, available from TCEPR forms for use in the descriptive analysis. 

CELR forms summarise catch by trip (which may include several sets or tows), with position given 
(generally) by statistical area. Effort can be recorded by set/tow, or by day with all sets/tows 
combined. Some auto-Iongline vessels have used a new CELR page for each day of fishing, recording 
set by set data. Trawl, line and setnet landings can be recorded on CELR forms, while trawl vessels 
longer than 28 m in length must use TCEPR forms. CELR forms have an effort section (recording 
daily or set/tow data, with positions given by statistical area, and estimated catch weights for the 
target species and up to five other species), and a catch landing section (recording actual processed 
weights of all species, converted to green weights using the relevant conversion factors). 
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As sea perch are often not recorded in the top six species, the analysis used the processed landings 
totals. CELRs were identified where SPE 3 or SPE 4 was recoded in the catch landing summary, and 
at least one of the tows or sets in the effort section on that form occurred in a non-coastal statistical 
area east of 1740 E (i.e., statistical areas 19, 21, 23, 49-51, 401-412). The data extracted were the 
landed catch of sea perch from SPE 3 and SPE 4 (converted to green weight) and the effort data for all 
the tows or sets that could have contributed to that catch. Total landed catch could then be matched to 
the trips that fished in the Chatham Rise sea perch fishery. 

LCER forms have been used by some line vessels (mainly auto-liners targeting ling) since the 
beginning of 2004. They summarise effort and catch by set, with position given by latitude and 
longitude, and estimated green weight of up to eight species. The data extracted from these forms 
were the catch weight of sea perch, target species, bottom depth, position and date when the set 
position was in the range 1740 E to 1740 Wand 42.5-45 0 S. 

Catch and effort data often contain many errors, mostly in the form of missing data, invalid codes, or 
implausible values. Data for all areas were checked for such errors before the analysis and were 
corrected (if possible) or deleted. 

2.4.2 Descriptive analysis 

The catch and effort data were summarised to provide descriptive statistics showing how the Chatham 
Rise sea perch fishery has operated. Summary statistics produced from TCEPR data were: 

• Estimated trawl catch by month and fishing year. 
• Estimated trawl effort by month and fishing year. 
• Distribution of effort contributing to sea perch catch. 
• Distribution of sea perch catch per unit of effort. 
• Estimated catch by target species. 
• Median trawl headline height and wingspread. 
• Catch rate by target species and depth. 

Summary statistics produced from CELR (bottom longline trips only) and LCER data were: 

• Estimated line catch by fishing year. 
• Location of catch. 

2.5 Reporting of sea perch catch 

The level or accuracy of sea perch reporting by the commercial fleet was investigated by comparing 
sea perch catch rates from the Chatham Rise calculated using observer data, with those from TCEPR 
and CLR data. 

2.5.1 Commercial data (TCEPR and CLR) 

Because vessels seldom restrict their fishing tows exclusively to one geographical area during a single 
trip (in this case, the Chatham Rise) we explored different extraction criteria that would ensure that 
the final dataset included trips that had most tows within the defined area between 1740 E and 
175 0 W, and 420 Sand 45 0 S (specified in the tender document). 

Catch rates were determined from landed catch of sea perch from the trip (Catch Landings Returns, 
CLR) as a function of the number of tows and/or days fished on the trip (Trawl Catch Effort 

10 



Processing Return, TCEPR). The initial extraction from TCEPR forms included trips with one or 
more tows that met the following criteria 1) occurred between 1 January 1990 and 31 December 2005, 
2) start or finish latitude and longitude of tow between 42° Sand 45° S, and 174° E and 175° W, and 
3) target species were hoki, hake, or ling. This dataset included many trips that had only small 
proportions of total trip tows within the Chatham Rise. Therefore, to further restrict the data to trips 
with tows predominantly on the Chatham Rise, each trip had to have 10 or more tows and 75% or 
more of the tows for each trip on the Chatham Rise (i.e., inside the area defined by the above latitudes 
and longitudes). Over 97% of tows from this restricted data set were from statistical areas 018-23, 
401-412, and 49-51). 

Spatial patterns in effort on the Chatham Rise were examined by recoding tows from the statistical 
areas into one of four areas using similar boundaries to those used above for the observer length 
frequency data, i.e., where areas were defined as east or west of 179° Wand north or south of 44° S. 

2.5.2 Observer data 

To allow comparison of catch rates with the commercial data reported on TCEPRs and CLRs, 
observer data were extracted using similar criteria to the commercial data. 

Catch rates were determined from catch of sea perch from the trip as recorded by observers as a 
function of the number of trawl tows and/or days fished on the trip. We restricted our analyses to the 
trawl method to allow comparison with commercial data, and also because observer coverage of the 
longline ling fishery on the Chatham Rise was relatively poor before 2001. The initial extraction from 
the observer database included trips where one or more tows met the following criteria: 1) occurred 
between 1 January 1990 and 31 December 2005, 2) start or finish latitude and longitude of tow 
between 42° Sand 45° S, and 174° E and 175° W, and 3) target species were hoki, hake, or ling. 
Similar to the commercial data, the initial dataset included many trips that had only small proportions 
of the total trip tows within the Chatham Rise. Therefore, to further restrict the data to trips with tows 
predominantly on the Chatham Rise two selection criteria were used: 1) each trip had to have 10 or 
more tows and 75% or more of the tows for each trip on the Chatham Rise (i.e., inside the area 
defined by the above latitudes and longitudes), or 2) each trip had to have 5 or more tows and 30% or 
more of the tows for each trip on the Chatham Rise. 

3. RESULTS 

3.1 Trawl survey abundance 

3.1.1 Catch rates 

The distribution of sea perch (all sizes combined) is remarkably consistent over the entire 15 year 
Tangaroa time series (Figure 5). In general, sea perch are distributed throughout the Chatham Rise 
but are most abundant in the 200-400 m depth range just east of the Mernoo Bank and over the 
Reserve Bank, with a secondary clump near the Matheson Bank. They are least abundant in the south 
west between the Veryan Bank and Banks Peninsula in deeper water. In 1995, when biomass was the 
lowest in the time series, the distribution and relative catch rate hot spots remained comparable to 
other years. Similarly, from 2001 to 2003 when biomass peaked, distribution and hot spots remained 
relatively unchanged. The distribution of adult (over 24 cm) catch rates is virtually identical to those 
for all fish, which is not surprising given that adults make up 85%, on average, of the total biomass 
(Figure 6). Juvenile (under 25 cm) distribution is also consistent among surveys but is more restricted 
than adults with catch rate hot spots predominantly in the 200-400 m depth range between the 
Mernoo Bank and Reserve Bank (Figure 7). In the years around the peak biomass of 2002, juvenile 
distribution was wider, including the Matheson Bank and north of the Chatham Islands. In summary, 
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catch rates show temporal variation that reflects abundance, but no evidence of spatial variation 
among the time series of Chatham Rise Tangaroa surveys. 

Catch rates of sea perch in the 50-200 m and 200-400 m depth ranges from the 1984 and 1985 
Akebono Maru No. 73 surveys around the Chatham Islands are shown in Figure 8. Catch rates were 
substantially greater in 200-400 m in 1984. However, there are doubts about the effectiveness of 
these surveys to provide accurate catch rates and biomass estimates, i.e., "The height of the 
groundrope was 0.65 m offthe bottom, which may have allowed some species which occur hard down 
on the sea floor to escape towards the wing tips" (Hurst & Bagley 1992). The very low catch rates 
compared to those from Tangaroa in the same area suggest that these concerns are valid. Nonetheless, 
the two Akebono Maru surveys demonstrate that relatively little biomass of sea perch is found in less 
than 200 m on the Chatham Rise (in 1984 and 1985 6% and 1 % respectively of the estimated biomass 
was found in the 50-200 m depth range). 

3.1.2 Biomass estimates 

Tangaroa sea perch total biomass trended upward dramatically after the lowest recorded estimate in 
1995 and peaked in 2002, increasing nearly four-fold over this period (Figure 9). Biomass then 
declined until 2005, and the most recent estimate from the 2006 survey indicates that biomass may be 
increasing again. The 2002 peak in total biomass was mirrored closely by adult biomass and, to a 
lesser extent, juvenile biomass which constituted, on average, 85% (adult range 76-92%), and 15% 
(juvenile range 8-24%) of the total biomass, respectively. However, the juvenile proportion of total 
sea perch biomass increased every year from 1998 to 2003 with a three-fold change from 8% to 24% 
(Figure 10). Thus, during the peak abundance in 2002 and the three years leading up to the peak, 
juveniles contributed an increasingly greater proportion of the biomass. 

Most of the Tangaroa sea perch biomass (mean = 91%, range 83-98%, N = 15 surveys) on the 
Chatham Rise was found east of 1760 E in SPE 4, and accordingly biomass of all fish, adults, and 
juveniles on the eastern Chatham Rise display almost identical trends to those for the entire survey 
area (Figures 11 and 12). In contrast, relatively little of the sea perch biomass is found west of 1760 E 
in SPE 3 (mean = 9%, range 2-17%, N = 15 surveys), and the biomass trends in this area do not 
follow those in the east. Further, the mean proportion of juvenile biomass in the west is less than in 
the east (mean = 9%, compared to 13%). 

The distribution of Tangaroa sea perch biomass by depth range (200-400 m, 400-600 m, and 600-
800 m) indicates that sea perch are most abundant in the 200-400 m depth range and become less 
abundant with increasing depth (Figures 13 and 14). The biomass in 200-400 m displays a similar 
trend to that for the entire survey area, and 400-600 m to a lesser extent, but the biomass in 600-
800 m shows no trend. The relative proportions of biomass in the three depth ranges vary slightly 
among years but overall show no trend, although during the peak biomass year of 2002 the biomass in 
600-800 m was the smallest in the time series at 2% (Figure 14). The overall mean biomass 
proportions in the three depth ranges were 57% (200-400 m), 38% (400-600 m), and 5% (600-
800 m). 

From the Tangaroa trawl survey time series, the relative proportion of the total survey biomass (31 
species) that is made up by sea perch for each survey follows the same trend as that of sea perch 
biomass, but the peak is in 2003 (Figure 15). This indicates that relative to the biomass of other species 
caught on the survey, sea perch abundance increased until 2003. 

In summary, biomass showed temporal variation reflecting abundance, but no evidence of spatial 
variation (depth or east/west distribution) among the time series of Chatham Rise Tangaroa surveys. 
However, during the peak abundance in 2002 and the three years leading up to the peak, juveniles 
contributed an increasingly greater proportion of the biomass. 
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3.2 Size structure 

3.2.1 Tangaroa surveys 

Sea perch from the Chatham Rise Tangaroa surveys ranged in size from 9 to 53 cm, and male and 
female distributions were similar with no indication of differences in maximum size or modal size 
(Figures 16 and 17). The distributions tend to be skewed to the right as a result of the accumulation of 
older year classes. The left side shows intermittent recruitment pulses, and modal progression is 
apparent with some modes moving through the population over time (Figure 18). The progression of 
these modes indicates growth of about 2 to 3 cm per year, and is consistent with von Bertalanffy 
growth curves estimated by Francis & Paul (2002). Two strong cohorts, most apparent from 1999, can 
be tracked moving through the population and into the peak biomass years of 2002 and 2003 (male 
modal lengths at 21 and 31 cm in 2002). The numbers of fish in the length frequency distributions 
(population numbers) increases from a minimum in 1995 to a maximum in 2002 for females and 2003 
for males, reflecting the biomass trend (see Figure 9). 

Length frequency distributions plotted by the three depths ranges (200-400 m, 400-600 m, and 600-
800 m) demonstrate the same patterns as biomass distribution with most sea perch caught in 200-
400 m and numbers decreasing markedly by depth (Figure 19). There are no patterns in the proportion 
of fish numbers by depth range over the time series, and overall mean proportions of fish numbers in 
200-400 m was 72%, 25% in 400-600 m, and 2% in 600-800 m (Figure 20). The corresponding 
biomass proportions of fish in deeper depths are greater than the proportions of numbers because sea 
perch are consistently larger at greater depths (see Figure 14). Sea perch average length was 26 cm, 32 
cm, and 38 cm at 200-400 m, 400-600 m, and 600-800 m, respectively, and there is no apparent trend 
in size over the time series (Figure 21). 

In summary, there were no changes in sea perch spatial distribution by size within the Chatham Rise 
over the survey time series, and the appearance in 1999 and subsequent progression of two strong 
cohorts provides an explanation for the large Tangaroa biomass estimates of 2002 and 2003. 

3.2.2 Observer database 

Length 'frequency data were collected by observers from 1996 to 2005, excluding 1997 (Table 3). Of 
the 936 length frequency samples included in our dataset, 60% were from bottom long line targeting 
ling, and 40% from targeting for hoki or hake by trawl. The most comprehensive sampling occurred in 
2002,2003, and 2004, and for other years there were relatively few trips and/or fish measured; this is 
reflected by the spiky shapes of length frequency distributions, indicating that, for some years, 
sampling was not adequate (Figure 22). There is no clear consistency in the distributions among years, 
even for the well sampled years of 2002 to 2004. Sea perch ranged in size from 11 to 65 cm, although 
most fish were 15 to 50 cm in length, and males and females were of similar size. No clear modal 
progression is apparent, although in 2002 and 2003 smaller fish between about 15 and 26 cm are well 
represented, consistent with the distributions from Tangaroa trawl surveys over the same period. The 
number of lengths sampled by observers was greatest in 2002 and 2003, probably because sea perch 
were most abundant in catches during those years (Table 3). 

The length data from the 936 samples were divided into four areas or quadrants (northeast, northwest, 
southeast, and southwest; see Figure 4). The bulk of the lengths sampled were from the northern 
Chatham Rise and particularly the northwest quadrant (Table 4) where sea perch are generally most 
abundant (see Figure 5). A further breakdown of area by year indicates that this was consistent for all 
years (except 1996 when only a single tow was sampled), but from 2002 onward similar numbers of 
tows were sampled in the northeast Chatham Rise (Figure 23). 
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The length frequency distributions for the southern quadrants differ from those for the northern 
quadrants, in that the latter, and in particular the northwest Chatham Rise, had good representation of 
smaller fish in the size range 15 to 30 cm (Figure 24). The length frequency distributions plotted by 
year (see Figure 22) indicate that these small fish appeared in 2002 and 2003. 

3.3 Age structure (Tangaroa surveys) 

Most otolith sections could be read with reasonable confidence (i.e., clarity grades 1-3), but 7% of 
male and 14% of female sections were classified as grade 4 (considerable doubt). However, there was 
no indication that the inclusion of the grade 4 otoliths in the analysis would introduce bias or any 
additional variance, so all age estimations were used. 

Estimated numbers-at-age, by sex, of sea perch vulnerable to the trawl during the surveys of the 
Chatham Rise in January 2002, 2003, and 2006 are listed in Appendix 1, and the distributions are 
plotted in Figure 25. The mean weighted c.v.s across all age classes for the three samples ranged from 
28% to 31 %, close to the target c.v. of 30%. 

Fish aged from 4 to 17 years tend to dominate the distributions, but fish aged to 30 years are still 
relatively common and a maximum age of 59 years was recorded (Figure 25). The general reliability 
of the ageing methodology is supported by the progression of several year classes through the age 
distributions (Figure 26). Relatively strong cohorts of 5, 6, and ll-year-old fish are apparent in the 
2002 distributions for both sexes. These year classes progress through to the 2003 (age classes 6, 7, 
and 12) and 2006 (age classes 9, 10, and 15) distributions. At least two older age classes (ages 21 and 
23 in 2002) can also be followed through all three distributions with reasonable clarity. 

To examine for any differences in age at length by depth all available data from the three surveys 
were divided, by sex, into four depth strata. Because approximately equal numbers of data points were 
desired in each stratum, the strata do not have equal depth ranges, i.e., 200-369 m, 370-424 m, 425-
499 m, 500-750 m. Mean age at length does not exhibit any clear systematic differences by depth 
(Figure 27). 

To examine for any areal differences in age at length all available data from the three surveys were 
divided, by sex, into four area strata. An east-west boundary was set at 179° E, and a north-south 
boundary at 43.5° S, producing northeast, northwest, southeast, and southwest strata. Mean age at 
length does not exhibit any clear systematic differences by area (Figure 28). 

3.4 Spatial and temporal patterns in commercial effort 

3.4.1 Chatham Rise fishery 

The fishery analysed here comprises all the Chatham Rise section ofFMA 4 and the eastern section of 
FMA 3 (Figure 29). Catch and effort data have been extracted and matched in a way that should have 
captured most of the landings from this fishery. Because effort medians from up to eight tows in a day 
have been matched to a single processed catch weight, and fishing on a single day may have occurred 
in more than one FMA, it is not expected that the analysed total landings will match exactly with the 
reported landings. However, because the entire SPE 4 area is included in the analysis, it is possible to 
compare the catch attributed to SPE 4 from the TCEPR, CELR, and LCER forms with the actual 
reported landings for that Fishstock (Table 5). Estimated catches recorded from the three form types 
accounted for 86-99% of the total reported landings for SPE 4. Based on this result, it is likely that 
the catch and effort data used in this analysis will provide a comprehensive picture of the Chatham 
Rise fishery for sea perch. 
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A relatively small proportion of the SPE 4 catch was recorded on CELR forms, and most of this was 
contributed by the bottom longline fishery targeting ling. Some longline vessels reported on LCER 
forms from part way through the 2003-04 fishing year, resulting in the 2004-05 CELR landings of 
sea perch dropping to about 0.25% ofthe total catch in that year (Table 5). 

Annual landings of sea perch have declined steadily in SPE 3 since the species was introduced into 
the QMS. Landings in SPE 4 peaked in 2002-03 and were also high in 2003-04, but have been 
relatively constant at about 800-900 t annually in other years. 

3.4.2 Vessels reporting on TCEPRs 

Annual landings by vessels reporting on TCEPRs in the Chatham Rise fishery (i.e., SPE 4 plus the 
eastern part of SPE 3) were high in 2002-03 (about 1700 t) and 2003-04 (about 1300 t), but relatively 
constant between about 700 and 1000 t in all other years since 1998-99 (Table 6). Over the seven 
years analysed, tows targeting hoki accounted for about 64% of the sea perch catch, and hake target 
tows produced an additional 13%. Target fishing for four species (hoki, hake, sea perch, and scampi) 
accounted for 96% of the sea perch landings. 

Virtually all the tows incorporated in this analysis were by bottom trawl. Only 205 out of over 30 000 
tows (i.e., 0.7%) used midwater trawl. The midwater tows were retained in the analysis, but not 
treated as a separate category. 

It is apparent that the amounts of sea perch reportedly caught by a particular target fishery vary 
markedly between years, e.g., the hoki fishery took 1023 t of sea perch in 2002-03, but only 361 tin 
2004-05 (Table 6). However, it is also clear that the peak landings in 2002-03 and 2003-04 cannot be 
explained by variations in just one of the target fisheries. Significant target fishing for sea perch 
occurred only in the two peak landings years, and this certainly contributed to the elevated catches. 
Sea perch landings from the hoki and scampi fisheries peaked in 2002-03, but were at relatively low 
levels in 2003-04. Conversely, landings from the hake fishery peaked in 2003-04, but were quite low 
in 2002-03. 

Effort, in terms of numbers of tows likely to have contributed to the sea perch landings, also varied 
markedly between target fisheries and years (Table 7). The hoki fishery again contributed most of the 
effort (67% of tows), and tows for three target species (hoki, scampi, and hake) accounted for 94% of 
the effort contributing to sea perch landings. There was a marked decline over time in the number of 
tows targeting hoki that contributed to a catch of sea perch, but no clear trends in effort for the other 
main target species. 

The data in Tables 6 and 7 were used to produce estimates of unstandardised CPUE for the various 
target fisheries (Table 8). Catch rates of sea perch were highest in the target fishery for sea perch, 
particularly in the two years of the peak landings. The catch rate was also high in the ling fishery in 
2002-03, but total landings contributed in that year by that fishery were small (34 t). Peak catch rates 
occurred in the hake fishery in 2002-03 and 2003-04, and in the hoki fishery in all years from 2002-
03. The hoki fishery exhibits a clear trend of increasing catch rates of sea perch per tow over the time 
period examined. In general, catch rates in all four main target fisheries producing sea perch catch are 
markedly higher in the latter half of the series. 

Fishing method and gear characteristics for the four main target fisheries producing sea perch are 
shown in Figure 30. All four fisheries exhibited a gradual increase in the mean length of individual 
tows, with tows in 2004-05 being about 20% longer than in 1998-99. There were clear differences in 
daily towed distances by species: hake tows were generally the longest (about 17 hours) and scampi 
tows were the shortest (about 15 hours). Median gear widths were similar and relatively constant over 
the analysed time period for the hoki, hake and sea perch fisheries. Gear width in the scampi fishery 
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was larger and more variable, but with no apparent trend over time. The median number of hours 
fished per day for hake and scampi appeared to increase slightly over time; no similar trends were 
apparent in the hoki and sea perch fisheries. Median depths fished in the hoki, hake, and scampi 
fisheries varied little over time. The medians were consistently just over 500 m for the hoki fishery, 
just under 500 m for the hake fishery, and just under 400 m for scampi. Median depths of tows 
targeting sea perch increased over the four years this fishery has occurred. 

Catch rates of sea perch from the four main target fisheries (adjusted for distance towed and gear 
width to produce a catch rate per area swept by the gear for each TCEPR record) exhibit some clear 
trends over time (Figure 31). In all fisheries, the lowest catch rates were from 1998-99 to 2001-02, 
followed by marked increases in catch rates in the following two years. In 2004-05, catch rates in the 
hake, sea perch, and scampi fisheries all dropped (markedly so for hake and sea perch), but the hoki 
fishery resisted this trend and maintained a high catch rate. 

Catch rates of sea perch by depth suggest a density peak at about 350-420 m (Figure 32). Density 
generally declines with increasing depth after 500 m. This plot should be interpreted with caution; 
there are very few tows in depths shallower than 300 m or deeper than 800 m, and gear types will vary 
markedly between the various target fisheries. However, there is a large volume of data from the hoki 
target fishery between depths of 450 and 700 m, and that series exhibits a steady and consistent 
decline in sea perch density over that increasing depth range. 

Summaries of sea perch catch and effort, by month, are depicted in Figure 33. Catch from the hoki 
fishery is consistently concentrated outside the winter spawning season, as most of the larger trawlers 
target hoki in the west coast South Island and Cook Strait spawning fisheries at that time. The 
reduction in effort over the seven years in the hoki fishery has occurred in all months. Catch and 
effort for the hake fishery are consistently concentrated from September to January. Effort targeted at 
scampi and producing a sea perch bycatch was consistently concentrated in October and November 
from 1998-99 to 2003-04. However, in 2004-05 the fishery changed and both catch and effort were 
spread throughout the entire year. The fleet composition did not change; most of the sea perch 
landings were reported by four scampi trawlers, and these vessels fished consistently during 2004-05 
as well as in the preceding six years. Target fishing for sea perch was concentrated from October to 
December in the two years when significant landings were produced by this fishery. 

Density distributions of effort contributing to sea perch catch by fishing year in target fisheries for 
hoki, hake, scampi, and sea perch are presented in Figures 34-37. Most of the effort in the Chatham 
Rise hoki fishery occurred west of 1800 between about 450 and 750 m (Figure 34). Effort tends to be 
concentrated in the central north and central south Rise, and to a lesser extent, southwest of the 
Mernoo Bank. There are no marked differences in effort patterns between years, except that the 
overall distribution shrinks over time as a result of reductions in effort targeting hoki. 

Effort from the hake fishery contributing to sea perch catch is generally confined to the northern 
Chatham Rise at depths around 500 m, and mainly in the hake spawning area at about 1790 W (Figure 
35). Effort tended to be more widespread along the Rise from 1999 to 2001 than in later years, but 
effort intensity was low outside the spawning area. There is virtually no target fishing for hake 
producing a sea perch catch on the southern Rise. 

From 1999 to 2004, effort in the scampi target fishery contributing to sea perch catch was 
concentrated in two areas, i.e., northeast of the Mernoo Bank and north of Chatham Islands in depths 
shallower than 500 m (Figure 36). However, the 2005 distribution was different to those from 
previous years by having effort also recorded southeast of the Mernoo Bank and on the central Rise at 
about 1790 W. 

Tows targeting sea perch occurred in three relatively distinct areas (Figure 37). Fishing occurred to 
the southwest of the Mernoo Bank, on the northwestern Rise just shallower than 500 m, and along the 
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top of the western Rise at about 177° E. The first two areas are consistently fished for hoki (see 
Figure 34). The latter area is not target fished for hoki, hake or scampi, so it is likely that this effort 
represents a genuine target fishery for sea perch (rather than the recording of sea perch as the target 
species after a large catch of it is brought on board). 

Density distributions of sea perch catch per unit of effort (i.e., median catch weight per area swept by 
the trawl in 0.1 ° squares) in target fisheries for hoki, hake, scampi, and sea perch are presented in 
Figures 38-41. Highest median catch rates of sea perch in the hoki fishery occurred on the north
central Rise, with a secondary density peak occurring north and east of the Veryan Bank (Figure 38). 
There are no marked differences in patterns of catch rates between years, although the intensity of 
effort targeted at hoki does shrink over time and catch rates of sea perch appear to be relatively high 
in 2005. 

Catch rates of sea perch from the hake fishery tended to be highest along the north-central Rise west 
of 180° in most years, but west of the Mernoo Bank in 1999 (Figure 39). The hake spawning area at 
about 179° W tended to produce only occasional high catch rates of sea perch. Peak catch rates of sea 
perch from the scampi target fishery tended to be concentrated at about 177° E on the northern 
Chatham Rise (Figure 40). Fisheries for scampi on the eastern Chatham Rise tended to produce 
relatively low catch rates. 

Peak catch rates of sea perch when sea perch is reported as the target species occur consistently on the 
northern Rise between longitudes 176° and 179° E (Figure 41). Reported targeting for sea perch on 
the shallowest western parts of the Rise (in 2001-02 and 2002-02) tended to produce lower catch 
rates. 

Sea perch catch per unit of effort in hoki and hake-targeted tows by month for all years combined are 
presented in Figures 42 and 43. Sea perch are taken as a bycatch of the hoki fishery in all months 
(Figure 42). However, catches in July and August are sparse as most vessels are then targeting 
spawning hoki in other areas. High catch rates of sea perch tend to be concentrated on the north
central and south-central Rise. There are no clear differences in catch rate patterns in any months 
from September to May. 

Highest CPUE of sea perch taken when targeting hake occurs generally along the north-central Rise 
west of 180°, west of the Mernoo Bank, and at the western end of the main spawning area, from 
September to January (Figure 43). There is little hake target fishing in other months. There are no 
clearly consistent differences in catch rate patterns between months 

3.4.3 Vessels reporting on CELRs and LCERs 

Annual sea perch landings by vessels reporting on CELR and LCER forms in the Chatham Rise 
fishery were highest in 2004-05 at 160 t (Table 9), but lowest in the two years when the total SPE 4 
landings peaked (i.e., 2002-03 and 2003-04). Over 96% of the non-TCEPR landings of sea perch 
from all years combined is attributable to the line fishery, mainly the bottom longline fishery targeting 
ling. Consequently, the only CELR (and LCER) data examined here were from the longline fishery. 

The distributions of sea perch caught by fishing year in the Chatham Rise fishery on longline sets 
mainly for ling are presented in Figure 44. (Note that Figure 44 shows density of total catch, not ling 
longline effort or sea perch CPUE from the longline fishery; effort data from the entire longline 
fishery were not extracted for this analysis.) There are some differences between years owing to some 
areas not being fished by the autoliners in every year. However, throughout all years there is a band of 
relatively high catches stretching diagonally from the north-central Rise (43° S, 178° E) to the 
southeastern Rise just west of the Chatham Islands (44° S, 177.5° W). Most of this area is shallower 
than 500 m. 
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3.5 Reporting of sea perch by commercial vessels 

Annual sea perch catch rates, calculated from effort recorded on TCEPRs and landed catch from 
CLRs, tend to mirror landed catch (Table 10, Figure 45). For example, the peak catch rates in 2003 
(179 kg per tow, and 652 kg per day) correspond with the largest catch and suggests that sea perch 
were more abundant on the Chatham Rise around 2003. There is no trend or pattern in the average 
depth range of vessels or in the spatial distribution of tows over the time (Table 10, Figure 45). The 
most heavily fished areas were consistently the northwest and southwest Chatham Rise. Effort (i.e., 
number of tows) on the Chatham Rise increased until 1998 and declined thereafter (Table 10, Figure 
45). 

Catch and catch rates derived from the observer data show the same general patterns as the 
commercial data (Table 11, Figure 46). This was particularly so for the dataset restricted to trips with 
five or more tows and 30% or more of tows on the Chatham Rise, which included about one-sixth of 
the numbers of trips and one-ninth of the catch of the commercial data (Tables 10 and 11). This 
dataset included nearly twice as many vessels and tows as the more restrictive selection of trips with 
10 or more tows and 75% or more of tows on the Chatham Rise. The only difference in commercial 
and observer data is that peak catch rate (i.e., catch per tow) and peak catch occurred in 2003 in the 
commercial data, and 2002 for the observer data, although the observer peak catch per day was in 
2003. There is no trend in the average depth range of vessels in the observer data (Table 11). 

4. DISCUSSION 

The overall objective of this project is to characterise the sea perch (Helicolenus percoides) fisheries 
on the Chatham Rise, but the underlying rationale and specific objectives were directed toward 
explaining why commercial landings of sea perch in SPE 4 increased from 910 t to 1685 t between the 
2001-02 and 2002-03 fishing years (see Figure 2). The TACC was markedly exceeded in every year 
until 2004--05 when it was increased by 70% (533 t to 901 t). There are several possible explanations 
for the increase in landed catch of sea perch on the Chatham Rise in 2002-03 and 2003-04, the 
simplest of which is that there was a corresponding increase in abundance resulting from the 
recruitment of one or more strong year classes to the fishery. However, we also investigated the 
influence of other factors such as fish availability and distribution, spatial and temporal distribution of 
fishing effort, and reporting accuracy of the commercial fleet. 

4.1 Fishery independent biomass estimates 

The only fishery independent abundance indices for sea perch on the Chatham Rise are those from the 
Tangaroa trawl survey time series of 15 consecutive surveys between 1992 and 2006 (Livingston et 
al. 2002). The trend in biomass from these surveys is remarkably similar to that of the landed 
commercial catch in SPE 4 with two points of difference (Figure 47). First, there is lag of one year in 
the peak Tangaroa biomass estimate which occurs in 2001-02 compared with 2002-03 for the 
commercial catch. Second, the landed catch has a plateau for several years before the peak which is 
not apparent in the Tangaroa biomass indices. This may be explained by possible underreporting of 
sea perch from 1999-2000 to 2001-02 masking the signal. That both landed catch and biomass peak 
and fall off within a year is compelling evidence of an increase in sea perch abundance around 2002 
and 2003. Further, the proportion of sea perch in the survey catches followed the same trend as 
biomass (see Figure 15), but peaked in 2003, consistent with peak commercial landings. There was no 
spatial change in the distribution of the maximum catch rates over the survey areas (see Figures 5-7), 
also suggesting that the increase in estimated biomass reflects abundance of sea perch and not 
changes in distribution. 
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Catch and effort data for SPE 3 were analysed as part of the SPE 3 Adaptive Management Programme 
(SeaFIC 2006). Three CPUE indices from lognormal models were used (Figure 48): 1) sea perch as 
the target species; 2) a mixed target of sea perch, red cod and barracouta; and 3) hoki target from 
deepwater vessels fishing the western Chatham Rise (west of 1760 E) (see Figure 4). The target sea 
perch index was based on a single fisher in statistical area 018 who withdrew from the fishery in 
2002-03. The authors were unsure how to interpret these CPUE series and there were no clear trends 
(SeaFIC 2006). There are two points to make on this analysis. First, there does not appear to be any 
clear relationship between the abundance indices from Tangaroa trawl surveys and CPUE in SPE 3. 
Second, the Tangaroa sea perch biomass index for the west Chatham Rise (west of 1760 E) did not 
show an increase around 2002-03 and 2003-04 corresponding to that in SPE 4, nor did commercial 
landings in SPE 3. Indeed, SPE 3 catches have shown a consistent decline since introduction into the 
QMS in 1998-99. Sea perch from the east coast South Island are also smaller on average than those 
from elsewhere (Beentjes et al. 2004). The SPE 3 fishery appears to be largely independent of that in 
SPE 4. Hence, any trends in SPE 3 should not be extended to interpretation of the sea perch fishery in 
SPE4. 

4.2 Size and age distributions 

There were no changes in spatial distribution of sea perch size within the Chatham Rise over the 
Tangaroa trawl survey time series. Juveniles contributed an increasingly greater proportion of the 
biomass leading up to the peak total biomass in 2002, and the appearance and progression of at least 
one strong cohort, first appearing in 1999, provides an explanation for the large Tangaroa biomass 
estimates of 2002 and 2003. This is further supported by the observer length frequency distributions 
which indicate that in 2002 and 2003 smaller fish between about 15 and 26 cm are well represented, 
consistent with the distributions from Tangaroa trawl surveys over the same period. 

Sea perch from three research surveys of depths from 200 to 800 m on the Chatham Rise were 
successfully aged. Estimated catch-at-age distributions were produced with mean weighted c.v.s over 
all age classes close to the target of 30%. The population available to bottom trawling comprises a 
large number of year classes, but is dominated by fish aged 4 to 17 years. The ageing method is 
sufficiently precise to allow cohort progression to be tracked and show that recruitment is quite 
variable. The 2002 and 2003 numbers-at-age distributions are similar, both being dominated by 
relatively strong 5 and 6 year old classes, born in 1995 and 1996. These cohorts are between about 15 
and 20 cm in length and correspond to strong modes apparent in both the Tangoroa and observer 
length frequency distributions in 2002 and 2003. The 2006 distribution looks a little different to those 
from the two earlier years, primarily because it has no strongly dominant cohorts in the 5-7 year age 
range. The percentage of fish aged 18 years or older in the surveyed population changed little between 
surveys, being 18%, 13%, and 14% in 2002,2003, and 2006, respectively. The results on age suggest 
that good recruitment in 1995 and 1996 have resulted in an increased abundance of sea perch around 
2002 and 2003 which could explain the high Tangaroa biomass estimates and large commercial 
catches around this time. 

The maximum recorded age was 59 y, and many fish from the Chatham Rise were older than 43 years, 
the maximum age found by Paul & Francis (2002) for east coast South Island sea perch. Growth 
appears to be similar to that estimated by Paul & Francis, but no growth parameters were estimated in 
this study to confirm this. Sea perch tend to be larger on the Chatham Rise than on the east coast 
South Island, and if growth rates in the two areas are comparable then this would explain why the 
maximum age is greater on the Chatham Rise. 

Although the larvae of this species would presumably be subject to the same general processes as the 
eggs and larvae of most marine fishes, resulting in reasonably wide dispersal of juveniles, Paul (1998) 
suggested that adult sea perch would be relatively sedentary. In contrast to this, the closely related 
species Helicolenus dactylopterus is capable of dispersion across at least six degrees of latitude in the 
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Mediterranean Sea (Ribas et al. 2006) and in the North Sea (Henk et al. 1996). If adults on the Chatham 
Rise are relatively sedentary and individuals of the species live in habitats subject to different 
environmental conditions that could influence growth, then differences in growth between areas might 
be expected. However, there are no apparent trends in growth by depth stratum or sector on the Chatham 
Rise (although the numbers of data points are relatively small). Thus, the finding that sea perch on the 
Chatham Rise tend to be larger at greater depths is apparently unrelated to growth, and suggests that fish 
move into deeper water as they grow. 

4.3 Descriptive analysis of catch and effort 

Most of the sea perch taken from the Chatham Rise fishery since the species was introduced into the 
QMS has been taken by large trawlers (i.e., vessels reporting on TCEPRs). Only about 11 % of the 
total catch was taken by other vessels, mostly line vessels targeting ling. 

For vessels reporting on TCEPRs, about two-thirds of the sea perch catch and two-thirds of the effort 
contributing to sea perch catch are attributable to the target hoki fishery. There have been some 
changes in this fishery since 1998-99, the most notable being the steady reduction in effort (i.e., 
numbers oftows contributing to sea perch catch). However, no marked changes in fishing practice are 
apparent. Reported median gear width, hours fished per day, and depth fished have remained constant. 
Median tow length has increased by about 20%. A voluntary code of practice restricting vessels 
targeting hoki to waters deeper than 450 m (to reduce catches of juvenile hoki) has been in place since 
about 2001. The proportions of hoki target tows shallower than 450 m have steadily decreased over 
the period analysed, from 11 % in 1998-99 to 2% in 2004-05 (Figure 49). However, the reported 
catch rate of sea perch in the hoki fishery is greater at depths shallower than about 420 m than in 
deeper tows (see Figure 32). Hence, if the small reduction in shallow tows had any influence on the 
overall catch of sea perch it would be to decrease the catch rate in the hoki fishery. There are no 
apparent areal changes in the patterns of hoki fishing over the time analysed other than that caused by 
the general effort reduction. In summary, while distance per tow increased over time in the hoki 
fishery, hours fished per day remained constant, and the reduction in numbers of shallow tows over 
time had no impact on the median net depth. Hence, there are no apparent changes in fishing practice 
that would have been responsible for the landings peak in 2002-03, or the steady increase in sea perch 
catch rates over time (see Figure 31). The overall reduction in numbers of tows targeting hoki have 
probably resulted in the landings drops in the last two years analysed (see Tables 5 and 6). 

There were also no marked areal or temporal changes in fishing methods in the target hake fishery. 
Median gear width and fishing depth were constant. Median tow distance and time fished per day 
increased, but by about 15% over the period analysed. Inter-annual variation in the number of tows 
targeting hake goes some way to explaining the peak sea perch landings from this fishery (i.e., both 
effort and landings peaked in 2003-04 and 2004-05). However, no methodological changes account 
for the steady increase in sea perch catch rates to 2003-04, followed by a marked drop in 2004-05 
(see Figure 31). 

The scampi fishery changed in ways similar to the hake fishery, i.e., median tow distance and time 
fished per day increased slightly since 1998-99, but catch rate of sea perch more than doubled 
between 2001-02 and 2002-03. The temporal and geographical distribution of this fishery changed in 
2004-05, but not in ways that are believed likely to have markedly altered the bycatch of sea perch. 
So in this fishery also, change in the amount of sea perch reportedly caught cannot be explained by 
any changes in fishing practice. 

There were three years when concerted targeting of sea perch was reported: 2001-02 to 2003-04. 
Landings from the latter two years contributed significantly to the two years of exceptional sea perch 
landings. Four vessels contributed most (85%) of the effort reportedly targeting sea perch. Two of 
these had targeted mainly hoki before 2001-02; their effort shift to sea perch was largely or 
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completely at the expense of hoki targeting. The other two vessels had consistently targeted hake and 
hoki before 2001-02; they shifted virtually all their hoki effort to sea perch, but continued to target 
hake. So the development of a target fishery for sea perch did not result in any fleet changes, but 
simply involved the shifting of effort that had previously been directed at hoki. 

The descriptive analysis of the fishery points to two possible explanations for the elevated catches of 
sea perch in the 2002-03 and 2003-04 years: either sea perch were more abundant in these two years 
relative to previous years, or sea perch landings were under-reported in the first four years after they 
were introduced into the QMS. The misreporting explanation is considered less likely because sea 
perch product has been reasonably valued since the late 1990s and is unlikely to have been mealed or 
discarded and not reported. Also, if sea perch was not a desired species then it is unlikely that a target 
fishery for it would have been developed. Even if the target species code "SPE" was recorded on the 
TCEPR form after the catch was on deck and it was apparent that most of the catch was sea perch, if 
sea perch had not been a desired species the vessels would have moved to other areas in an attempt to 
reduce the catch of that species. Because they did not move, and because they continued to report 
large, targeted sea perch catches, it is clear that sea perch was a desired species. The occurrence of 
numerous tows targeting sea perch in an area not otherwise used for hoki, hake, or scampi fishing 
further indicates that the fishery for sea perch was a genuine target fishery. 

Catch rates of sea perch (kg per area swept by the trawl gear) increased markedly and simultaneously 
in the three main fisheries producing a sea perch bycatch (i.e., hoki, hake, and scampi) between the 
2001-02 and 2002-03 fishing years (see Figure 31). While it is difficult to accept, from a biological 
perspective, an apparent increase in biomass of 60-90% in just one year, there are mechanisms that 
could explain this. Most of the fisheries data used in this analysis have been from depths greater than 
350 m. It is suggested that, on average, sea perch size increases with increasing depth (Paul 1998). If a 
very strong cohort is produced in a particular year, then, as it grows and reaches a size where it 
graduates to waters deeper than 350 m, it could markedly increase the biomass available to fisheries in 
these depths. The catch rate trends in the hoki and hake fisheries in Figure 31 could also be 
interpreted as showing a steady increase in biomass from 1998-99 to 2003-04 rather than a sudden 
jump; a similar steady trend of increasing biomass has been shown above for the Chatham Rise trawl 
survey series. 

4.4 Catch rates and reporting 

Analysis of catch rates from commercial TCEPR and observer data showed the same general pattern 
in both effort and catch. Firstly, the annual catch tended to mirror catch rates and peaked in 2003 
corresponding to the peak catch year of 2002-03. Second, there were no changes in the spatial 
distribution of effort by commercial vessels or from observed vessels. These findings indicate that the 
peak catch in 2002-03 in SPE 4 was not a result of underreporting before 2002-03, but that catches 
reflected actual abundance. However, it is possible that the initial over-catch of the T ACC was partly 
a result of underreporting before introduction to the QMS, which would have resulted in a T ACC that 
was lower than the actual historic catches. 

4.5 Conclusion 

The main conclusion from this analysis is that the increase in SPE 4 catch, which peaked in 2002-03, 
reflected increased abundance of sea perch on the Chatham Rise resulting from recruitment of several 
strong cohorts to the fishery in 2002 and 2003. There were no marked changes in the spatial or 
temporal distribution of fishing effort likely to contribute to sea perch catch or to sea perch catch per 
unit of effort, no changes in the spatial distribution of sea perch, nor any evidence of misreporting that 
would explain the increase in catch in 2002-03. The reported targeting of sea perch, mainly in 2002-
03 and 2003-04, certainly contributed to the peak catches, but even if this fishery had not occurred 
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the catch in 2002-03 would still have been markedly higher than in any year before or since. It is most 
likely that the target sea perch fishery developed to take advantage of a real increase in sea perch 
biomass, and was enhanced by sea perch being reported as the target species in tows that may have 
actually been targeting other species but where sea perch happened to be the most abundant 
component of the catch (i.e., the target species was determined once the catch was on deck). 
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Table 1: Tangaroa hold and middle depth species trawl surveys of the Chatham Rise. The nominal year of 
the survey always refers to the January stage. The stations with length frequencies (LFs) refers to the 
number of stations sea perch were measured from the number of stations it was caught, whereas all 
stations indicates it was measured on all stations where it was caught. 

Nominal No. of 
Survey survey Stations with otoliths 
trip _code Survey dates year LFs measured collected Reference 

TAN9106 28 Dec 1991- 1 Feb 1992 1992 None None Hom 1994a 
TAN9212 30 Dec 1991-6 Feb 1993 1993 68 of 170 None Hom 1994b 
TAN9401 1-31 Jan 1994 1994 82 of 144 None Schofield & Hom 1994 
TAN9501 4-27 Jan 1995 1995 890fll0 None Schofield & Livingston 1995 
TAN9601 27 Dec 1995-14 Jan 1996 1996 All None Schofield & Livingston 1996 
TAN9701 2-24 Jan 1997 1997 All None Schofield & Livingston 1997 
TAN9801 2-24 Jan 1998 1998 All None Bagley & Hurst 1998 
TAN9901 3-26 Jan 1999 1999 All None Bagley & Livingston 2000 
TANOOOI 27 Dec 1999-22 Jan 2000 2000 All None Stevens et al. 2001 
TANOlOl 28 Dec 2000-25 Jan 2001 2001 All None Stevens et al. 2002 
TAN0201 28 Dec 2001-26 Jan 2002 2002 All 624 Stevens & Livingston 2003 
TAN0301 28 Dec 2002-22 Jan 2003 2003 All 441 Livingston et al. 2004 
TAN0401 27 Dec 2003-22 Jan 2004 2004 820f97 None Livingston & Stevens 2005 
TAN0501 27 Dec 2004-23 Jan 2005 2005 All None Stevens & O'Drisco112006 
TAN0601 27 Dec 2005-23 Jan 2006 2006 All 842 Stevens & O'Driscoll (2007) 
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Table 2: Description of variables from TCEPR forms. (*, derived variables.) 

For individual tows that could have contributed to sea perch catch 

Variable 

Fishing year 
Vessel number 
Start date 
Start time 
Start longitude 
Start latitude 
End date 
End time 
End longitude 
End latitude 
Fishing method 
Wingspread 
Headline height 
Bottom depth 
Groundrope depth 
Target species 
Sea perch catch 
Vessel speed 
Tow duration * 
Tow distance * 

Description 

Fishing year (from I October to 30 September) 
Anonymous unique vessel identifier 
Date at the start of the tow 
Time at the start of the tow 
Longitude at the start of the tow 
Latitude at the start of the tow 
Date at the end of the tow 
Time at the end of the tow 
Longitude at the end of the tow 
Latitude at the end of the tow 
Method of trawl (bottom or midwater gear) 
Wingspread (m) of the net at the start of the tow 
Headline height (m)ofthe net at the start ofthe tow 
Depth (m) of the bottom at the start of the tow 
Depth (m) of the ground rope at the start ofthe tow 
Species of fish targeted 
Estimated catch (kg) of sea perch 
Speed (knots) of vessel during tow 
Duration (h) of the tow 
The distance of the tow [duration x speed] (n.miles) 

For grouped tows in a single day producing some sea perch catch 

Variable 

Fishing year 
Vessel number 
Fishing date 
Longitude * 
Latitude * 
Fishing method* 
Wingspread * 
Headline height* 
Bottom depth * 
Groundrope depth * 
Target species * 
Sea perch catch 
Tow duration * 
Tow distance * 

Description 

Fishing year (from I October to 30 September) 
Anonymous unique vessel identifier 
Date of fishing 
Median longitude of all tows that day 
Median latitude of all tows that day 
Modal method of trawl (bottom or midwater gear) 
Median wingspread (m) of the net for all tows that day 
Median headline height (m)ofthe net for all tows that day 
Median depth (m) of the bottom for all tows that day 
Median depth (m) of the ground rope for all tows that day 
Modal species of fish targeted that day 
Reported catch (kg greenweight) of sea perch processed that day 
Total duration (h) of all tows that day 
Total distance of all tows that day (n.miles) 
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Table 3: Table: Summary of sea perch length frequency data by year measured by observers on the Chatham 
Rise for the years 1996 to 2005 (calendar years). There were 64 trips, but three trips overlapped years. 

Trips Tows Lengths Catch weight Average 
Year sampled sampled sampled sampled (kg) depth (m) 

1996 1 1 2 14 517 
1997 0 0 
1998 2 7 54 252 550 
1999 3 4 235 587 478 
2000 3 38 403 4883 545 
2001 6 41 324 3 183 539 
2002 15 236 2586 29902 450 
2003 18 323 3419 45388 444 
2004 14 155 1 817 28064 464 
2005 5 131 937 13280 449 

Totals 67 936 9777 125553 459 

Table 4: Summary of sea perch length frequency data measured by observers on the Chatham Rise for the 
years 1996 to 2005, by area. Areas are east and west of 1790 W, and north and south of 440 S. There were 
64 trips, but 39 trips overlapped areas. 

Trips Tows Lengths Catch weight Average 
Area sampled sampled sampled sampled (kg) depth (m) 

Northwest 54 415 5230 86828 475 
Northeast 18 386 3554 27637 427 
Southwest 16 58 374 4632 566 
Southeast 15 77 619 6456 449 

Totals 103 936 9777 125553 459 

Table 5: Total annual catch (t) reported, and TACCs for Fishstocks SPE 3 and SPE 4 since their 
introduction into the QMS. For SPE 4, total landings captured each year on the three form types (Total) 
are compared with the total reported landings for that Fishstock to produce an estimate of the percentage 
of total landings captured in the analysis (%). 

Fishing SPE3 SPE4 
year Landings TACC Landings TACC TCEPR CELR LCER Total % 

1998-99 903 738 872 533 697 126 0 823 94 
1999-2000 862 738 821 533 614 90 0 704 86 
2000-01 798 738 840 533 702 101 0 803 96 
2001-02 720 1000 910 533 767 134 0 901 99 
2002-03 696 1000 1685 533 1523 54 0 1577 94 
2003-04 440 1000 1287 533 1201 22 54 1277 99 
2004-05 372 1000 895 910 677 2 146 825 92 
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Table 6: Estimated catch (t) recorded from TCEPR records by reported target species for the Chatham 
Rise fishery from 1998-99 to 2004-05. All catches have been rounded to the nearest tonne; -, zero catch. 

Target s12ecies 
Fishing year hoki hake sea perch scampI ling other total 

1998-99 713 79 35 36 9 873 
1999-00 518 62 50 88 7 726 
2000-01 738 75 37 17 12 878 
2001-02 714 105 47 72 24 31 993 
2002-03 1023 106 375 183 34 14 1 735 
2003-04 564 372 266 70 1 21 1294 
2004-05 361 172 5 160 1 7 706 

All years 4631 972 693 608 201 100 7204 

Table 7: Estimated numbers of tows by reported target species contributing to the sea perch catch from 
TCEPR records for the Chatham Rise fishery from 1998-99 to 2004-05. 

Target s)2ecies 
Fishing year hoki scampi hake sea perch ling squid other 

1998-99 6131 630 352 0 60 58 67 
1999-00 3608 762 212 0 132 99 50 
2000-01 3420 668 266 1 79 90 81 
2001-02 3011 646 384 78 105 33 120 
2002-03 2092 747 230 254 27 53 128 
2003-04 1305 484 794 136 2 13 47 
2004-05 757 1666 433 7 10 17 68 

All years 20324 5603 2671 476 415 363 561 

Table 8: Unstandardised sea perch CPUE (kg/tow) by reported target species from TCEPR records for 
the Chatham Rise fishery from 1998-99 to 2004-05. 

Target s)2ecies 
Fishing year hoki hake sea perch scampi ling other 

1998-99 116 224 56 600 72 
1999-00 144 292 66 667 47 
2000-01 216 282 0 55 215 70 
2001-02 237 273 603 111 229 203 
2002-03 489 461 1476 245 1259 77 
2003-04 432 469 1956 145 500 350 
2004-05 477 397 714 96 100 82 

27 



Table 9: Estimated catch (t) from CELR and LCER records by fishing method for the Chatham Rise 
fishery from 1998-99 to 2004-05. All catches have been rounded to the nearest tonne; 0, catches less than 
0.5 t; -, zero catch. 

CELR LCER Total 
Fishing method 

Fishing year longline trawl fish pot setnet total longline 

1998-99 134 2 0 0 136 136 
1999-00 122 2 0 0 124 124 
2000-01 104 3 0 0 107 107 
2001-02 132 12 0 0 144 144 
2002-03 58 7 0 0 65 65 
2003-04 29 0 1 0 30 55 85 
2004--05 8 0 2 0 10 150 160 

All years 586 26 2 0 615 206 821 

Table 10: Summary of dataset used in the sea perch catch rate analysis from TCEPR data. Selection 
criteria include trips with tows that start or finish between latitude 420 Sand 450 S, and longitude 1740 E 
and 1750 W; had target species of hoki, hake or ling; and had 10 or more tows and 75% or more of tows 
for each trip on the Chatham Rise. 

CLR No. No. No. No. Average grd. Catch rate 
Year Catch trips vessels Tows days rope depth (m) kg/tow kg/day 

1990 25565 9 7 1268 325 562 20.2 78.7 
1991 77 170 21 13 2896 782 570 26.6 98.7 
1992 184407 33 19 3817 988 531 48.3 186.6 
1993 142568 40 21 4576 1 106 527 31.2 128.9 
1994 93465 39 22 3269 858 481 28.6 108.9 
1995 107241 36 22 4284 1087 508 25.0 98.7 
1996 127335 40 24 3781 1096 495 33.7 116.2 
1997 264438 67 31 7111 1839 530 37.2 143.8 
1998 458088 84 25 10 453 2640 507 43.8 173.5 
1999 462817 55 23 7678 1975 519 60.3 234.3 
2000 494566 43 18 6942 I 781 528 71.2 277.7 
2001 623557 52 24 6797 1844 518 91.7 338.2 
2002 754768 44 17 6495 1695 537 116.2 445.3 
2003 1 170088 51 20 6530 1 793 514 179.2 652.6 
2004 685602 45 16 5439 1698 536 126.1 403.8 
2005 234449 22 10 2594 794 530 90.4 295.3 

Totals 5906124 681 95 83930 22301 520 70.4 264.8 
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Table 11: Summary of datasets used in the sea perch catch rate analysis from observer data. Selection 
criteria include observed trips with tows that had start or finish latitude and longitude between 42° Sand 
45° S, and 174° E and 175° W; and target species of hold, hake, or ling. 

Trips with 10 or more tows and 75% or more of tows on the Chatham Rise 

Year 

1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 

Totals 

Observer No. No. 
catch (kg) trips vessels 

5 
4953 

10616 
11227 
7164 
8759 
6809 

27502 
39844 
40375 
38774 
81951 

48441 
38816 

365236 

4 

3 
4 

2 
4 

8 
5 
5 
4 

6 
o 
4 

3 

55 

4 

3 
4 

2 
4 
8 

5 
4 

4 

5 
o 
4 
3 

29 

No. 
tows 

63 
353 

61 
418 
193 
718 
207 
454 

1054 
677 
695 
542 
839 

504 
416 

7194 

No. Average gmd. 
days rope depth (m) 

17 
85 

8 
70 
44 

119 

32 
110 
188 
91 
70 

101 
109 

98 
93 

1235 

861 
710 
481 
511 
537 
480 
501 
556 
569 
544 
481 
536 
566 

553 
545 

562 

Trips with 5 or more tows and 30% or more of tows on the Chatham Rise 

Year 

1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 

Totals 

Observer No. No. 
catch (kg) trips vessels 

35841 6 6 
19467 3 3 
14509 4 4 
21963 6 6 
14541 9 8 
10904 8 6 
25747 6 6 
11 186 7 7 
42290 12 12 
57 389 11 11 
71 786 10 9 
93899 10 8 

102538 10 9 
26526 3 3 
75606 9 8 
49803 5 5 

673995 119 54 

No. 
tows 

1 105 
879 
928 
683 
868 

1 182 
736 
874 

1642 
1305 
1234 
1375 
1350 

305 
955 
704 

16125 

29 

No. Average gmd. 
days rope depth (m) 

282 540 
222 591 
226 352 
127 533 
187 503 
187 496 
131 444 
157 611 
284 554 
211 559 
143 478 
206 528 
178 551 
86 484 

203 514 
178 535 

3008 517 

Catch rate 
kg/tow kg/day 

0.1 
14.0 
0.0 

25.4 
58.2 
10.0 
42.3 
15.0 
26.1 
58.9 
58.1 
71.5 
97.7 

96.1 
93.3 

50.8 

0.3 
58.3 
0.0 

151.7 
255.2 

60.2 
273.7 

61.9 
146.3 
437.8 
576.8 
383.9 
751.8 

494.3 
417.4 

295.7 

Catch rate 
kg/tow kg/day 

32.4 127.1 
22.1 87.7 
15.6 64.2 
32.2 172.9 
16.8 77.8 
9.2 58.3 

35.0 196.5 
12.8 71.2 
25.8 148.9 
44.0 272.0 
58.2 502.0 
68.3 455.8 
76.0 576.1 
87.0 308.4 
79.2 372.4 
70.7 279.8 

41.8 224.1 
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Figure 1: Sea perch Quota Management Areas. 
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Figure 2: Reported landings (t) of sea perch in SPE 4 (1982-83 to 2004-05) and TACC. 
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Figure 3: Reported landings (t) of sea perch in SPE 3 (1982-83 to 2004-05) and TACC. 

31 



SPE3 SPE4 

Northwest Northeast 

eoo m 

4300 S 

Reserve Bank ..,0"' --

) 
''''''3~ \j" 

Boo·~ Matheson Bank ~ .. ........ . .... 7~~~-.............. .............. . 

of'''' 

E 

~ 

Southwest Southeast 

4500 S 

17400 176 ~0 178 00 E 18000 17800 W 17600 

Figure 4: Chatham Rise showing depth contours and east-west boundary between SPE 3 and SPE 4. The dashed lines indicate the areas that were used in the analysis 
of observer length frequency and catch rates. 
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Figure 5: Catch rates (kg.km-2
) of all sea perch from Tangaroa trawl surveys 1992 to 2006. Filled 

circle is proportional to the catch rate. Open circles are zero catch. Maximum catch rate is 492 
kg.km-2

• Depth contours are 200 and 1000 m. 
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Figure 5 - continued 
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Figure 5 - continued 
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Figure 5 - continued 
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Adult sea perch 
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Figure 6: Catch rates (kg.km-2
) of adult sea perch (~25 cm), from Tangaroa trawl surveys 1992 

to 2006. Filled circle is proportional to the catch rate. Open circles are zero catch. Maximum 
catch rate is 492 kg.km-2

• Depth contours are 200 and 1000 m. *, survey included stations where 
sea perch were caught but not measured (see Table 1). 
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Figure 6 - continued 
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Figure 6 - continued 
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Figure 6 - continued 
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Figure 7: Catch rates (kg.km-2
) of juvenile sea perch « 25 cm) from Tangaroa trawl surveys 1992 

to 2006. Filled circle is proportional to the catch rate. Open circles are zero catch. Maximum 
catch rate is 492 kg.km-2

• Depth contours are 200 and 1000 m. *, survey included stations where 
sea perch were caught but not measured (see Table 1). 
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Figure 8: Catch rates (kg.km-2
) of sea perch (all fish) from Akebono Maru No. 73 trawl surveys 

1984 (top) and 1985 (bottom) Filled circle is proportional to the catch rate. Crosses represent 
zero catch. Maximum catch rate is 62 kg.km-2

• Depth contours are 200 and 1000 m. 
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Figure 9: Biomass estimates (t) of sea perch from Tangaroa surveys of the Chatham Rise for all 
fish, adults (~25 cm), and juveniles « 25 cm). For surveys from 1992 to 1995, and in 2004, 
biomass could not be estimated for adults and juveniles because less than 30% of catch had 
length frequency data. 
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Figure 10: Percent of sea perch biomass from Tangaroa surveys of the Chatham Rise for adults 
(~25 cm) and juveniles « 25 cm). For surveys from 1992 to 1995, and in 2004, biomass could not 
be estimated for adults and juveniles because less than 30% of catch had length frequency data. 
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Figure 11: Biomass estimates (t) of sea perch from Tangaroa surveys of the Chatham Rise for 
tows east and west of 1760 E for all fish, juveniles « 25 cm), and adults (~25 cm). Tows that 
bisect the Veryan Bank are included in the eastern Chatham Rise. Note the different y-axis scales. 
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Figure 12: Percent of sea perch total biomass from Tangaroa surveys of the Chatham Rise east 
and west of 1760 E. Tows that bisect the Veryan Bank are included in the eastern Chatham Rise. 
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Figure 13: Biomass estimates (t) of sea perch (all fish) by depth range from Tangaroa surveys of 
the Chatham Rise. 
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Figure 14: Percent of sea perch biomass (all fish) by depth range from Tangaroa surveys of the 
Chatham Rise. 
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Figure 15: Sea perch biomass as a proportion of the combined biomass of 31 species from 
Tangaroa surveys of the Chatham Rise. Sea perch biomass (t) is also shown. 
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Figure 16: Scaled length frequencies for male and unsexed (black bars) sea perch from the 
Chatham Rise Tangaroa trawl surveys. c.v., coefficient of variation; n, number of fish measured; 
M, estimated number of males in the population; U, estimated number of unsexed fish in the 
population. 
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Figure 17: Scaled length frequencies for female sea perch from the Chatham Rise Tangaroa trawl 
surveys. c.v., coefficient of variation; n, number of fish measured; F, estimated number of 
females in the population. 
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Figure 18: Modal progression for sea perch from Tangaroa surveys of the Chatham Rise (1992 to 
2006) estimated from length frequency distributions in Figures 16 and 17. The von Bertalanffy 
growth curves are also shown for comparison (from Paul & Francis 2002). M, males; U, unsexed. 
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Figure 19: Length-frequency distributions of sea perch from Chatham Rise Tangaroa 
surveys for all fish combined by depth strata (200-400 m, 400-600 m, and 600-800 m). 
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Figure 20: Percent of sea perch scaled numbers (all fish) by depth range from Tangaroa surveys 
of the Chatham Rise. Scaled numbers could not be calculated for 1992 because fish were not 
measured on this survey. 
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Figure 21: Mean length of sea perch (scaled numbers for all fish) by depth range from Tangaroa 
surveys of the Chatham Rise. Scaled numbers could not be calculated for 1992 because fish were 
not measured on this survey. 
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Figure 22: Scaled length-frequency distribution of sea perch by year from tows on the 
Chatham Rise. Data are from observers for calendar years 1998 to 2005. 
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Figure 22 - continued 

60 

2000 

1500 

1000 

500 

0 

3000 

2500 

2000 

1500 

1000 

0 

2002 
females 

N = 22914 

5 10 15 20 25 30 35 40 45 50 55 60 65 

2003 
females 

N = 32 206 

500 

O+--,----,------r"---f-'-Wt'-'-'-''I''-'-'tJ-I-U.p.=I-'-''-'I'-,-----,----, 

3000 

2500 

2000 

1500 

1000 

500 

o 5 10 15 20 25 30 35 40 45 50 55 60 65 

2004 
females 

N =29 022 

o +--,---.-"''-t'-'-"'j-llL't'-''-'t'-'-'-'t'-'"-'f-''-U't'''''"-,---,----,---, 

o 5 1 0 15 20 25 30 35 40 45 50 55 60 65 

800 
2005 

600 females 

N=6419 

400 

200 

0 

0 5 10 15 20 25 30 35 40 45 50 55 60 65 



~ 
Q) 

c: 
Q) 
rJJ 
..c 
0 
>-..c 
rJJ 
~ 
Co 
E 
C\l 
rJJ 
rJJ 
C\l 

~ 
C\l 

C 
Q) 

~ 
Q) 
c.. 

100% 

90% 

80% 

70% 

60% 

50% 

40% 

30% 

20% 

10% 

0% 

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 

year 

• Northwest 

III!!l Northeast 

o Southwest 

I2l Southeast 

Figure 23: Percent of tows sampled for sea perch length frequency by area on the Chatham 
Rise by calendar year. Data are from observers for 1996 to 2005. Areas are east and west of 
1790 W, and north and south of 440 S. N = 936 tows sampled. (See Table 1 for number of 
tows per year.) 
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Figure 24: Scaled length-frequency distributions of sea perch by area from tows on the 
Chatham Rise. Data are from observers for combined years 1998 to 2005. Areas are east 
and west of 1790 W, and north and south of 440 S. 
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Figure 25: Age-at-Iength for sea perch from the three Tangaroa trawl surveys (2002, 2003, and 
2006) of the Chatham Rise. Readings with clarity grades 1, 2, or 3 are shown as open circles; 
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Figure 26: Estimated numbers-at-age for sea perch from the three Tangaroa trawl surveys (2002, 
2003, and 2006) of the Chatham Rise. 
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Figure 27: Mean age-at-length for sea perch from the three trawl surveys, by sex and depth 
stratum. 
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Figure 28: Mean age at length for sea perch from the three trawl surveys, by sex and area. 
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Figure 29: Sea perch Fishstock area boundaries, and the area of the Chatham Rise fishery for sea 
perch (shaded). 
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Figure 31: Median catch rates (kg.km-2) of sea perch, by target species and fishing year. Note 
that the presented sea perch catch rates are one-tenth of their true value (to enable a more 
informative y-axis on this plot). 
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Figure 32: Mean catch rates (log transformed data) of sea perch from the three main target 
fisheries and all other target species combined. Means were calculated for 20 m depth bins (i.e., 
the 200 m point is the mean of tows from 190-209 m). 
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Figure 33: Reported landings of sea perch, by month and target species, and number of tows contributing to sea perch catch, by month and target species, for 
vessels reporting on TCEPR returns in fishing years 1998-99 to 2004-05. 
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Figure 34: Density distribution of effort (cumulative distance towed) contributing to sea perch catch for 
the Chatham Rise fishery by 0.10 squares from trawl tows that targeted hoki by fishing year from 1998-99 
to 2004-05. Depth contours of 250, 500, and 1000 m are shown. 
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Figure 35: Density distribution of effort (cumulative distance towed) contributing to sea perch catch for 
the Chatham Rise fishery by 0.10 squares from trawl tows that targeted hake by fishing year from 1998-
99 to 2004-05. Depth contours of 250,500, and 1000 m are shown. 
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Figure 36: Density distribution of effort (cumulative distance towed) contributing to sea perch catch for 
the Chatham Rise fishery by 0.10 squares from trawl tows that targeted scampi by fishing year from 1998-
99 to 2004-05. Depth contours of 250, 500, and 1000 m are shown. 
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Figure 37: Density distribution of effort (cumulative distance towed) contributing to sea perch catch for 
the Chatham Rise fishery by 0.10 squares from trawl tows that targeted sea perch by fishing year from 
2001-02 to 2004-05. Depth contours of 250,500, and 1000 m are shown. 
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Figure 38: Density distribution of sea perch catch per unit of effort (median catch per km2 swept by the 
trawl) for the Chatham Rise fishery by 0.10 squares from the hoki target fishery, by fishing year from 
2001-02 to 2004-05. Depth contours of 250,500, and 1000 m are shown. 

73 



6"S 

6"S 

6"S 

10 I ~'.8": .•..••.•. 

·0.6 

OA 

0.2 

00 --, 

6"S 

6"S 

6"S 

Figure 39: Density distribution of sea perch catch per unit of effort (median catch per km2 swept by the 
trawl) for the Chatham Rise fishery by 0.10 squares from the hake target fishery, by fishing year from 
1998-99 to 2004-05. Depth contours of 250,500, and 1000 m are shown. 
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Figure 40: Density distribution of sea perch catch per unit of effort (median catch per kIn2 swept by the 
trawl) for the Chatham Rise fishery by 0.10 squares from the scampi target fishery, by fishing year from 
1998-99 to 2004-05. Depth contours of 250, 500, and 1000 m are shown. 
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Figure 41: Density distribution of sea perch catch per unit of effort (median catch per kIn2 swept by the 
trawl) for the Chatham Rise fishery by 0.10 squares from the sea perch target fishery, by fishing year from 
2001-02 to 2004-05. Depth contours of 250,500, and 1000 m are shown. 
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Figure 42: Density distribution of sea perch catch per unit of effort (median catch per km2 swept by the 
trawl) for the Chatham Rise fishery by 0.10 squares from trawl tows that targeted hoki by month from all 
years combined. Depth contours of 250,500, and 1000 m are shown. 
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Figure 43: Density distribution of sea perch catch per unit of effort (median catch per km2 swept by the 
trawl) for the Chatham Rise fishery by 0.10 squares from trawl tows that targeted hake by month from all 
years combined. Depth contours of 250,500, and 1000 m are shown. 
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Figure 44: Density distribution of sea perch catch for the Chatham Rise fishery by 0.10 squares from 
longline sets from 1998-99 to 2004-05. Depth contours of 250, 500, and 1000 m are shown. 
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Figure 45: Catch and catch rates for sea perch from the Chatham Rise (top), and distribution of tows by 
area on the Chatham Rise (bottom). Data are from trips recorded on TCEPRs; tows with start or finish 
latitude and longitude between 4r Sand 450 S, and 1740 E and 1750 W; target species reported as hoki, 
hake, or ling; and each trip had 10 or more tows with 75% or more ofthese on the Chatham Rise. 
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Figure 46: Catch and catch rates for sea perch from the Chatham Rise. Data are from the observer 
database and include trips with tows with start or finish latitude and longitude between 420 Sand 450 S, 
and 1740 E and 1750 W; and target species ofhoki, hake, or ling. 
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Figure 47: Sea perch biomass estimates from Tangaroa trawl surveys of the Chatham Rise, and 
commercial catch and TACC of sea perch in SPE 4. Tangaroa surveys were carried out in December
January each year and are plotted against the corresponding fishing year, i.e., 2002 survey = 2001-02 
fishing year. 
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Figure 48: Abundance indices of sea perch in SPE 3. Standardised CPUE indices (log normal models) for 
SPE 3 for target sea perch, mixed target (sea perch, red cod, and barracouta), and target hoki on the 
western Chatham Rise (west of 1760 E) (from SeaFIC 2006). Biomass estimates from Tangaroa Chatham 
Rise surveys west of 1760 excluding the Veryan Bank are also shown. Indices are standardised to the 
geometric means of the overlapping years for each series (1998-99 to 2004-05). 
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Figure 49: Percentage of tows targeting hoki and catching sea perch that were shallower than 450 m. 
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Appendix 1 

Calculated numbers at age in the survey area, separately by sex, with c.v.s, for sea perch caught during 
trawl surveys of the Chatham Rise in January 2002 (survey TAN0201) and 2003 (survey TAN0301). Final 
line for each sample represents a plus group. Summary statistics for the samples are also presented. 

TAN0201 TAN0301 
Age Male c.v. Female c.v. Age Male c.v. Female c.v. 

3 57682 0.791 115622 0.558 3 140630 0.666 247115 0.773 
4 340955 0.440 41888 0.954 4 561 996 0.419 395600 0.534 
5 821220 0.360 1456724 0.339 5 698480 0.416 705387 0.354 
6 1214790 0.262 2575211 0.269 6 1 553 611 0.241 829001 0.346 
7 588 168 0.411 1286242 0.385 7 1 820708 0.242 1456867 0.216 
8 538 168 0.402 392411 0.723 8 822552 0.274 386572 0.402 
9 170631 0.790 359892 0.607 9 393564 0.452 101540 0.814 
10 580053 0.379 419065 0.585 10 31551 1.039 311 908 0.563 
11 714447 0.280 1 013 213 0.263 11 417521 0.360 397853 0.331 
12 475924 0.330 441453 0.469 12 901646 0.242 954919 0.238 
13 495382 0.389 304737 0.584 13 382558 0.370 144351 0.539 
14 560691 0.299 358218 0.409 14 208611 0.384 285615 0.380 
15 448 144 0.325 233361 0.668 15 490899 0.276 373256 0.352 
16 271 935 0.399 266323 0.596 16 372 153 0.361 224572 0.461 
17 108 150 0.640 45119 0.849 17 102384 0.722 98454 0.772 
18 73373 0.625 135752 0.946 18 67362 0.642 35877 0.806 
19 61374 0.596 17154 0.959 19 32246 0.729 63 198 0.583 
20 48314 0.704 149260 0.426 20 105441 0.680 47770 0.583 
21 183028 0.456 292822 0.404 21 72 082 0.477 91660 0.478 
22 131258 0.368 133924 0.459 22 133497 0.436 105 857 0.400 
23 190829 0.314 283651 0.379 23 75230 0.548 89413 0.596 
24 144221 0.619 209352 0.652 24 96836 0.443 161007 0.330 
25 73300 0.427 80483 0.545 25 46218 0.635 27321 0.848 
26 42251 0.632 104381 0.483 26 49804 0.609 43766 0.636 
27 11959 1.085 124851 0.559 27 73003 0.503 6271 1.250 
28 18759 0.798 111 534 0.649 28 55558 0.506 23331 0.835 
29 58824 0.538 30047 0.633 29 66015 0.559 16281 0.793 
30 67416 0.509 26707 0.653 30 51913 0.531 66439 0.521 
31 33 166 0.596 36206 0.623 31 113 184 0.378 41310 0.640 
32 46748 0.600 45145 0.816 32 58501 0.537 18958 0.710 
33 98637 0.538 88692 0.501 33 24708 0.590 6271 1.218 
34 41024 0.524 28577 0.591 34 0 61642 0.51 
35 30756 0.634 28549 0.653 35 16258 1.152 0 
36 49314 0.672 25316 0.651 36 11 512 1.155 20642 0.994 
37 38633 0.588 19302 0.732 37 16784 1.099 16680 0.999 
38 4244 1.235 41 741 0.612 38 9435 0.998 27410 0.997 
39 9859 1.115 11242 1.078 39 0 0 
40 11 679 0.837 13499 0.787 40 0 0 
41 0 10 128 0.656 41 16258 1.146 24821 0.794 
42 0 6595 1.227 42 0 0 
43 11 124 1.066 5291 1.041 43 0 15 191 1.067 
44 7635 1.072 4651 1.128 44 0 0 
45 0 11526 0.778 45 0 0 
46 0 0 46 0 0 
47 0 0 47 0 0 
48 0 0 48 2958 1.807 0 
49 0 15893 0.789 49 0 0 
50+ 4244 1.031 4651 1.088 50+ 0 20642 1.190 

Aged males 236 238 
Aged females 214 203 
Mean weighted c.v. (sexes pooled) 30.4 28.5 

83 



Calculated numbers at age in the survey area, separately by sex, with c.v.s, for sea perch caught during 
trawl surveys of the Chatham Rise in January 2006 (survey TAN0601). Summary statistics for the samples 
are also presented. 

TAN0601 
Age Male c.v. Female c.v. 

3 51023 0.887 226325 0.444 
4 138 137 0.785 376820 0.478 
5 371 051 0.396 235474 0.712 
6 504285 0.443 861 138 0.405 
7 205 145 0.684 348971 0.653 
8 929228 0.324 648627 0.384 
9 621037 0.356 1016372 0.331 
10 828266 0.283 586385 0.292 
11 370557 0.379 439876 0.397 
12 245992 0.459 369474 0.371 
13 366333 0.371 265477 0.413 
14 457987 0.341 352518 0.348 
15 538449 0.278 335 119 0.326 
16 178225 0.444 166267 0.416 
17 341 164 0.303 340972 0.276 
18 197761 0.335 184639 0.429 
19 104244 0.459 114093 0.546 
20 53655 0.542 63408 0.753 
21 8057 1.115 30655 1.031 
22 70427 0.585 23822 0.820 
23 27 851 0.811 13278 0.777 
24 48543 0.664 69881 0.553 
25 61097 0.690 97646 0.379 
26 46921 0.530 60036 0.399 
27 119 199 0.414 92560 0.385 
28 55750 0.443 0 
29 64580 0.459 44394 0.582 
30 22373 0.639 41659 0.499 
31 16639 0.744 29561 0.672 
32 13 605 0.888 16667 0.777 
33 8057 1.047 0 
34 37086 0.527 0 
35 23508 0.899 10 167 1.070 
36 0 0 
37 20889 0.818 30463 0.663 
38 12086 0.91 23445 0.619 
39 4029 1.301 21440 0.719 
40 11487 0.724 4350 1.389 
41 20732 0.742 7053 1.151 
42 2514 1.236 42864 1.023 
43 0 0 
44 0 0 
45 0 0 
46 0 7872 1.121 
47 0 4376 1.274 

Aged males 229 
Aged females 219 
Mean weighted c.v. (sexes pooled) 31.2 
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