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EXECUTIVE SUMMARY 

O'Driscoll, R.L. (2007). Acoustic survey of spawning hold in Cook Strait and off the east coast 
South Island during winter 2006. 

New Zealand Fisheries Assessment Report 2007121.52 p. 

The 2006 acoustic survey of spawning hoki abundance in Cook Strait was carried out on Kaharoa 
from 19 July to 29 August. Seven snapshots were completed, with good coverage of the spawning 
season. For the first time, the acoustic survey also covered the other major eastern spawning areas off 
the east coast South Island (ECSI), with three snapshots of Pegasus Canyon and one of Conway 
Trough. The acoustic work was supported by nine trawls in Cook Strait and four trawls in Pegasus 
Canyon for mark identification and to collect biological samples. Poor weather conditions during the 
survey meant that the number of trawls was lower than expected and that no acoustic target strength 
data were collected. 

The acoustic abundance index for Cook Strait in 2006 using the most recent target strength to length 
(TS-L) relationship was 126 000 t, which was 5% lower than the equivalent index from the 2005 
survey (132 000 t), and the lowest in the acoustic time series, which goes back to 1991. Estimated 
sampling precision for the 2006 survey was 17%. The model weighting (expressed as a coefficient of 
variation, c.v.), which includes uncertainty associated with survey timing, sampling precision, 
acoustic detectability, mark identification, calibration, and target strength, was 34%. Significant 
aggregations of hoki occurred in Pegasus Canyon: the acoustic abundance estimate of 33 000 t 
(sampling c.v. 19%) was about 26% of the equivalent estimate from Cook Strait. Extensive dispersed 
marks were also observed during the single snapshot of Conway Trough, but it is not certain whether 
these marks contained hoki because no mark identification trawls were carried out in this area. 

Hoki abundance in Cook Strait was variable during the 2006 survey, with the highest biomass 
occurring in the final snapshot on 25-26 August. As in recent surveys, most of the hoki backscatter 
was concentrated in Cook Strait Canyon. Hoki schools were also observed in Nicholson Canyon 
throughout the survey, and occasionally over the deep water between Cook Strait and Wairarapa 
Canyons. Marks were present in the Narrows Basin in the final snapshot, but the contribution of the 
Narrows Basin and Terawhiti Sill strata to the overall biomass was low. 

About 57% of the hoki biomass in Cook Strait and 38% of the hoki biomass in Pegasus Canyon came 
from hoki schools. Five trawls on hoki schools caught an average of 96% hoki by weight (range 93-
98%). The remaining hoki biomass came from hoki 'fuzz' marks which also contained other species. 
The proportion ofhoki by weight in pelagic fuzz marks in Cook Strait (n = 2, average 76%, range 68-
84%) was similar to that recorded in recent surveys and higher than the proportion ofhoki in pelagic 
fuzz marks in Pegasus Canyon (n = 3, average 38%, range 7-74%). There was a low proportion of 
hoki in trawls on bottom fuzz marks in the Narrows Basin (n = 3, average 25%, range 20-30%). This 
was similar to 2005 (average 32% hoki) and was lower than the proportion of hoki caught from this 
mark type in previous surveys (average 56% hoki in 2001-03). 

Most hoki in the research catch from Cook Strait were 45-100 cm, with a mode at 60-65 cm, and a 
mean of 66 cm. The average size of hoki in both the research and commercial catch was smaller than 
in 2005. As in previous years, hoki caught in the Narrows Basin were 15 cm smaller on average than 
hoki from Cook Strait Canyon. Hoki caught in Pegasus Canyon (average length 64 cm) were similar in 
size to those from Cook Strait. 

Indices from previous Cook Strait and ECSI surveys were also updated to incorporate the most recent TS
L relationship (TS = 12.2 10glO(L) - 63.9). Abundance estimates increased by about 9%, but the relative 
indices for both areas were almost identical to the previous time series. 
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1. INTRODUCTION 

Hoki (Macruronus novaezelandiae) is New Zealand's largest fishery with a TACC in 2006-07 of 
100 000 t. This is much less than catch levels in recent years (Ballara et al. 2006) and reflects current 
concerns about the sustainability of the fishery (Ministry of Fisheries 2006). Two stocks of hoki are 
recognised based on morphometric and growth rate differences (Livingston & Schofield 1996), and 
these have been assessed separately since 1989. The "western stock" resides primarily on the 
Campbell Plateau, south of New Zealand, and spawns on the west coast of the South Island (WCSI). 
The "eastern stock" home ground is the Chatham Rise, with most spawning occurring in Cook Strait. 
Juvenile hoki of both stocks mix together on the shallower areas of the Chatham Rise, and are 
believed to recruit to their respective stocks at maturity (Livingston et al. 1997). The most recent 
stock assessment (Ministry of Fisheries 2006) indicated that the western hoki stock was between 20 
and 24% Bo, but that the eastern stock was less depleted at 33-49% Bo, There has been an agreement 
with industry since 2004-05 that 60% of the quota should be taken from the eastern stock. 

On the spawning grounds hoki typically form large midwater aggregations. The occurrence of readily 
identifiable, single species aggregations clear of the seabed allows for accurate biomass estimation using 
acoustics. Acoustic surveys of spawning hoki have been conducted regularly since a 1984 pilot survey of 
the WCSI spawning grounds (Coombs & Cordue 1995). The results of acoustic surveys of spawning hoki 
in Cook Strait and the WCSI have been important inputs into hoki stock assessments for 15 years 
(0'Drisco1l2002a). 

Acoustic surveys of spawning hoki on the WCSI have been discontinued because of uncertainty 
associated with species mix in the northern strata in the two most recent surveys in 1997 and 2000 
(Cordue & Ballara 1998, Cordue 2002, Francis & 0'Drisco1l2004, O'Driscoll et al. 2004a). Species mix 
appears to be a lesser problem in Cook Strait (O'Driscoll 2002a) and there have been regular surveys at 
one- or two-year intervals since 1991, with the most recent surveys in 2003 (O'Driscoll & McMillan 
2004) and 2005 (0 'Driscoll 2006). The 2006 survey described here extends the time series of Cook Strait 
acoustic indices used in the stock assessment (1991, 1993-99,2001-03,2005) from 12 to 13 points. 

Although Cook Strait is the major spawning area for eastern hoki, some spawning also occurs on the 
east coast of the South Island (ECSI) in an area centred on Pegasus Canyon (Livingston 1990) (Figure 
1). A fishery has developed in this region, with catches of 2000-7000 t in the last five years (Ballara 
et al. 2006). Two acoustic surveys of Pegasus Canyon were carried out from a commercial vessel in 
2002 (0'Driscoll2003b) and 2003 (O'Driscoll et al. 2004b). These surveys confirmed that the ECSI 
is a significant satellite spawning area for the eastern hoki stock. For the first time, the 2006 research 
survey included two areas on the ECSI (Pegasus Canyon and Conway Trough), allowing acoustic 
abundance estimates from these other spawning grounds to be compared with those from Cook Strait. 

This report summarises the data collected during the acoustic survey of spawning hoki in Cook Strait and 
off the ECSI from 19 July to 29 August 2006 on Kaharoa (KAH0611), and fulfils the reporting 
requirements for Objective 1 and 2 of Ministry of Fisheries Research Project H0K2005/03: 

1. To continue the time series of relative abundance indices of spawning hoki in Cook Strait and other 
eastern spawning grounds using acoustic surveys, with a target coefficient of variation (c. v.) of the 
estimate of 30 %. 

2. To further investigate species composition on the spawning grounds using bottom and midwater 
trawls. 
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2. METHODS 

2.1 Survey design 

Hoki have a long spawning season, from July to September. It is thought that during the spawning 
season there is a turnover of fish on the grounds. Therefore, there is no time at which all of the 
spawning fish are available to be surveyed. The survey design devised to deal with this problem 
consists of a number of sub surveys or "snapshots" spread over the spawning season. Each snapshot 
consists of a series of random transects (following the design of Jolly & Hampton (1990)) across 
strata covering the known distribution of spawning hoki. Estimates of spawning biomass are 
calculated for each of the snapshots, and these are then averaged to obtain an estimate of the "mean 
plateau height" (average biomass during the main spawning season). Under various assumptions 
about the timing and length of the spawning season (Cordue et al. 1992, Coombs & Cordue 1995), 
estimates of mean plateau height form a valid relative abundance time series. 

In a simulation study, O'Driscoll (2004) found that the optimal survey design for Cook Strait is a long 
survey (more than 26 days) centred about 7 August, with at least six snapshots. This ensures that 
interannual variation in the timing of the season can be dealt with, as can any systematic trends in the 
spawning biomass through the season. Increasing the number of snapshots reduces bias and increases 
precision, but there is relatively little advantage in having a survey with more than six snapshots as long 
as those snapshots are spread over a long survey period. In 2006, the acoustic survey was carried out on 
Kaharoa from 19 July to 29 August (KAH0611). The timing and design was the same as in 2001-03 and 
2005 (O'DriscoIl2002b, 2003a, 2006, O'Driscoll & McMillan 2004), although the requirement to survey 
other eastern spawning grounds meant that the time available to carry out snapshots of Cook Strait was 
reduced. 

Because of the proximity of the Cook Strait spawning grounds to Wellington, Kaharoa made 2-3 day 
trips to the Cook Strait survey area during suitable (good) weather. The other eastern spawning grounds 
are about 180-250 km from Wellington (see Figure 1) and required more extended trips. Two trips to the 
ECSI spawning grounds were made during the survey period. 

The stratum boundaries and areas in Cook Strait (Figure 2, Table 1) were the same as in previous surveys, 
with six main strata (strata 1,2,3, 5A, 5B, and 6), covering the areas with depth greater than 200 m (or 
180 m in stratum 2). Stratum 4 in Wairarapa Canyon was not surveyed in 2006, as there are typically very 
few hoki in this area and results from this stratum are not included in the abundance estimates for Cook 
Strait (O'Driscoll 2002a). The acoustic survey area in Cook Strait includes grounds which are not 
commercially fished by the fleet. The Narrows Basin (stratum 1) is closed year-round by the industry 
agreed Code of Practice for hoki target trawling (version 8) to reduce the catch of small hoki. 
Nicholson Canyon (stratum 3) is closed during the spawning season from 1 July to 1 October. 

The stratum boundaries and areas in Pegasus Canyon and Conway Trough (Figure 3, Table 1) were based 
on the survey in 2003 from an industry vessel (O'Driscoll et al. 2004b). As in Cook Strait, the strata 
included areas with depth greater than 200 m. Pegasus Canyon was subdivided into two strata, because 
the highest densities ofhoki tended to occur in the southern part of the Canyon (PCB) in 2002 and 2003 
(O'Drisco1l2003b, O'Driscoll et al. 2004b). 

2.2 Acoustic data collection 

Data for abundance estimation in Cook Strait and Pegasus Canyon were collected with NIWA's 
towed Computerised Research Echo Sounder Technology (CREST) system (Coombs et al. 2003). In 
this system, a four-channel CREST echo sounder with a 38-KHz split-beam transducer was mounted in 
a flat-nosed, torpedo-shaped, 'heavy weight' 3 m long towed body (Towbody 2). The towed body 
was connected to Kaharoa by about 600 m of Rochester type 301301 tow cable, which supplied 
power to the echo sounder and allowed digital data from the receiver to be sent to a ship-mounted 
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control computer. A Simrad EK-60 system with a hull-mounted split-beam 38-kHz transducer was used 
to collect acoustic data while trawling, and during the survey of Conway Trough. It was considered too 
risky to use the towed system in Conway Trough because of the incidence of a large amount of longline 
gear with surface lines. Both the towbody and hull systems were calibrated during the survey, in the 
Marlborough Sounds on 3 August 2006, following standard procedures (MacLennan & Simmonds 1992). 
Details of the acoustic systems and their calibrations are provided in Appendix 1. 

Transects were run at speeds of 8-10 knots. The acoustic towbody was deployed 30-50 m below the 
surface. The acoustic survey was interrupted between transects for mark identification trawls. However, 
because of the strong tidal currents and advection of fish in strata 2 and 5A, all transects in these strata 
were completed before stopping to trawl, to minimise double counting. 

2.3 Trawling 

There were 13 midwater trawls for target identification and to collect hoki length frequency and 
biological data. These were mostly targeted on marks where the species composition was uncertain. 
All trawls were carried out using the Kaharoa hoki trawl, which can be towed either in midwater or 
along the bottom. The Kaharoa hoki trawl is a Resolution-type 4-panel net manufactured by Motueka 
Nets with 100 m bridles, 16 m vertical opening, and a 60 mm codend. The trawl had a panel 
(,window') in the codend designed to burst when catches exceeded about 500 kg. Vee-type trawl 
doors with a surface area of 3 m2 were used in 2006. These doors were also used during the 2005 
survey, and are slightly larger than the doors used from Kaharoa in previous surveys (2.85 m2). 

For each trawl, all items in the catch were sorted into species and weighed on Seaway motion
compensating electronic scales accurate to about 0.3 kg. Where possible, fish, squid, and crustaceans 
were identified to species level, and other benthic fauna to family. A random sample of up to 500 
individuals of each species from every tow was measured for length. In most tows the sex and 
macroscopic gonad stage of all hoki in the length sample were also determined. More detailed 
biological data were collected on a subsample of up to 20 hoki per trawl, and included fish length, 
weight, sex, gonad stage (see Appendix 2), gonad weight, and occasional observations on stomach 
fullness and contents. 

Trawl catch rates (kg km-2) were calculated by scaling trawl catches by the estimated swept area 
(doorspread multiplied by tow distance). No doorspread measurements were made during the 2006 
survey, so an average value of 88.1 m from previous surveys using the same gear was applied. Estimated 
hoki length frequencies were constructed for each stratum by using all trawls within a stratum during the 
period of the survey, and weighting individual trawl length frequencies by the hoki catch in the trawl. 

2.4 Other data collection 

A Seabird SM-37 Microcat CTD datalogger (serial number 2416) was mounted on the headline of the net 
during some trawls to collect temperature and salinity data, which were then used to estimate the acoustic 
absorption coefficient of sound during the survey using the formula of Doonan et al. (2003). 

2.5 Acoustic data analysis 

Acoustic data collected during the survey were analysed using standard echo integration methods 
(MacLennan & Simmonds 1992), as implemented in NIWA's Echo Sounder Package (ESP2) 
software (McNeill 2001). Echograms were visually examined, and the bottom determined by a 
combination of an in-built bottom tracking algorithm and manual editing. Regions corresponding to 
various acoustic mark types were then identified. Marks were classified subjectively (e.g., O'Driscoll 
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2002b), based on their appearance on the echogram (shape, structure, depth, strength, etc), and using 
information from mark identification trawls. 

Backscatter from marks (regions) identified as hoki was then integrated to produce an estimate of 
acoustic density, expressed as the mean area backscattering coefficient (m2 m-2). Acoustic density was 
output in two ways. First, average acoustic density over each transect was calculated. These values 
were used in abundance estimation (see Section 2.6). Second, acoustic backscatter was integrated over 
10-ping bins to produce a series of acoustic densities for each transect (typically 30-100 values per 
transect). These data had a high spatial resolution, with each value (10 pings) corresponding to about 
100 m along a transect, and were used to produce plots showing the spatial distribution of acoustic 
density. 

Transect acoustic density estimates were converted to hoki biomass using a ratio, r, of mean weight to 
mean backscattering cross section (linear equivalent of TS) for hoki. The method of calculating r was 
based on that of o 'Driscoll (2002a): 

1. using the length frequency distribution of the commercial catch in Cook Strait from the year of 
the survey; 

2. using the generic length-weight regression of Francis (2003) to determine mean hoki weight (w 
in kilograms) 

w = (4.79*10-6) L2.89 (1) 

3. using the most recent TS-Iength relationship for hoki. 

The TS-Iength relationship for hoki was revised in 2006 by Macaulay (2006) with the inclusion of 
two further in situ points from the 2005 Cook Strait survey. The new relationship (Macaulay 2006) is: 

TS = 12.2 10glO(L) - 63.9 (2) 

where L is total fish length in centimetres; 

This new relationship increases estimates of r by about 9% from those calculated using the previous 
TS-L relationship of Macaulay (2004). To maintain consistency, acoustic estimates from previous 
Cook Strait surveys in the time-series were recalculated using the most recent TS-Iength relationship 
(Appendix 3). Earlier abundance estimates from the ECSI (O'Driscoll2003b, O'Driscoll et al. 2004b) 
were calculated using the TS-Iength relationship of Macaulay (2001), so are also recalculated in this 
report for comparison with the 2006 estimates (Appendix 4). 

2.6 Abundance estimation 

Abundance estimates and variances were obtained for each stratum in each snapshot using the 
formulae of Jolly & Hampton (1990), as described by Coombs & Cordue (1995). Stratum estimates 
were combined to produce snapshot estimates, and the snapshots were averaged to obtain the 
abundance index for 2006_ 

The sampling precision ofthe abundance index was calculated in two ways, as described by Cordue & 
Ballara (2001). The first method was to average the variances from each snapshot. This method 
potentially underestimates the sampling variance as it accounts only for the observation error in each 
snapshot. The imprecision introduced by the inherent variability of the abundance in the survey area 
during the main spawning season is ignored. The second method assumes the snapshot abundance 
estimates are independent and identically distributed random variables. The sample variance of the 
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snapshot means divided by the number of snapshots is therefore an unbiased estimator of the variance 
of the index (the mean of the snapshots). 

2.7 Survey weighting for stock assessment 

The sampling precision will greatly underestimate the overall survey variability, which also includes 
uncertainty in TS, calibration, and mark identification (Rose et al. 2000). The model weightings 
(expressed as coefficient of variation or c.v.) used in the hoki stock assessment model are calculated for 
individual surveys using a Monte Carlo procedure which incorporates these additional uncertainties 
(O'Drisco1l2002a, 2004). 

The simulation method used to combine uncertainties and estimate an overall weighting (c.v.) for each 
acoustic survey of Cook Strait was described in detail by O'Driscoll (2002a, 2004), and is summarised 
below. 

Six sources of variance are considered: 
• plateau model assumptions about timing and duration of spawning and residence time 
• sampling precision 
• detectability 
• mark identification 
• fish weight and target strength 
• acoustic calibration 

The method has two main steps. First, a probability distribution is created for each of the variables of 
interest. Second, random samples from each of the probability distributions are selected and combined 
multiplicatively in Monte Carlo simulations of the process of acoustic abundance estimation. 

Values of parameters and their probability distributions in 2006 were the same as those used for previous 
Cook Strait surveys (O'Drisco1l2004), and are given in Table 2. In each simulation a biomass model was 
constructed by randomly selecting values for each variable from the distributions in Table 2. This model 
was then 'sampled' at dates equivalent to the mid dates of each snapshot (Table 3). The precision of 
sampling was determined by the snapshot c.v., and the biomass adjusted for variability in detectability. 
The simulated biomass estimate in each snapshot was then split, based on the proportion of acoustic 
backscatter in 'school' and 'fuzz' marks (see Section 3.3), and mark identification uncertainties applied to 
each part. The biomass estimates were recombined and calibration and TS uncertainties applied in turn. 
The same random value for calibration and TS was applied to all snapshots in each simulated 'survey'. 
Abundance estimates from all snapshot estimates from the simulated survey were averaged to produce an 
abundance index. This whole process was repeated 1000 times (1000 simulated surveys) and the 
distribution of the 1000 abundance indices was output. The overall c.v. was the standard deviation of the 
1000 abundance (mean biomass) indices divided by their mean. 

The Monte Carlo estimation of uncertainty was not applied to data from the ECSI, because there is 
insufficient information from this area to build up probability distributions for two of the major sources of 
variance (timing and duration of spawning, mark identification). 
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3. RESULTS 

3.1 2006 eastern spawning fisheries 

3.1.1 Cook Strait 

A total catch of 20 074 t was taken from Cook Strait between 1 June and 30 September 2006, with 
most hoki caught between 15 July and 10 September (Figure 4). The acoustic survey was within the 
period of high catches. Total effort was lower than in previous years: there were 977 midwater tows 
with non-zero hoki catch made by 16 vessels in 2006, compared with 1340 non-zero midwater tows 
by 15 vessels in 2005. Almost all of the effort in 2006 was concentrated in strata 2 and 5A in Cook 
Strait Canyon (Figure 5). 

The hoki length frequency from the 2006 commercial fishery in Cook Strait (based on commercial 
catch sampling for MFish project MID2005/02) is shown in Figure 6. The mean length of hoki was 
74.7 cm, which was 4 cm less than the mean length in 2005. Mean weight and mean backscattering 
cross-section (obtained by transforming the scaled length frequency distribution in Figure 6 by 
equations (2) and (3) and then calculating the means of the transformed distributions) were 1.34 kg 
and 0.0000789 m2 (equivalent to --41.0 dB) respectively, giving a ratio, r, for 2006 of 17 039 kg m-2• 

Actively spawning (ripe and running ripe) female hoki were recorded in the commercial catch 
throughout the fishery, from 27 June to 20 September, with a peak around 24 August (Figure 7). Few 
spent hoki were sampled before the end of August, but the proportion of spent females increased 
rapidly in September (Figure 7). 

3.1.2 East coast South Island 

Only 673 t of hoki was taken from the ECSI between 1 June and 30 September 2006. This was a 
reduction from the five previous years, where catches were 2000-7000 t (Ballara et al. 2006). Most 
hoki were taken outside the acoustic survey area, east of Pegasus Canyon (see Figure 5), in late 
August (see Figure 4). Note that effort in Pegasus Canyon was restricted by the Hoki Code of Practice 
which permits fishing only from 1 to 31 August and 10 to 30 September. 

The hoki length frequency from the ECSI fishery (based on at-sea sampling by the observer 
programme) was similar to that from the Cook Strait fishery (see Figure 6), but there was a lower 
proportion offish larger than 80 cm caught on the ECSI and consequently the mean length (69.4 cm) 
was about 5 cm less than that in the Cook Strait fishery. Mean weight and mean backscattering cross
section (obtained by transforming the scaled length frequency distribution in Figure 6 by equations (2) 
and (3) and then calculating the means of the transformed distributions) were 1.08 kg and 0.0000722 
m2 (equivalent to --41.4 dB) respectively, giving a ratio, r, for 2006 of 14996 kg m-2• 

3.2 Data collection 

3.2.1 Acoustic data 

A total of 280 acoustic data files (253 towbody and 27 hull) were recorded during the survey. Seven 
snapshots of Cook Strait were completed, and these were spaced relatively evenly over 34 days from 24 
July to 26 August (Table 3). Two trips to the ECSI spawning grounds were made on 27-30 July and 21-
24 August, with one snapshot of Pegasus Canyon and one snapshot of Conway Trough on the first trip, 
and two snapshots of Pegasus Canyon on the second trip (Table 4). 
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3.2.2 Trawl data 

Thirteen hoki midwater tows were carried out for mark identification and all were suitable for estimating 
mark composition (Table 5, Figure 8). These included four tows in Pegasus Canyon. In Cook Strait, there 
were three tows in the Narrows Basin (stratum 1) and one in Nicholson Canyon (stratum 3), areas which 
were closed to the commercial fleet. Roki made up 85% of the catch in Cook Strait, and 86% of the catch 
in Pegasus Canyon (Table 5). Bycatch species included jack mackerels (mainly Trachurus declivis), 
spiny dogfish, ling, rattails, red cod, frostfish, and mesopelagic species. Tows catching a high proportion 
of other species were usually those targeted at hoki fuzz marks (see Section 3.3). 

3.2.3 CTO data 

Eight CTD profiles were obtained in conjunction with midwater trawls (six in Cook Strait, and two in 
Pegasus Canyon). The average water temperature in Cook Strait over the entire depth range was 11.0 DC, 
with an average salinity of 34.7 PSu. Estimates of sound absorption from individual CTD profiles in 
2006 ranged from 9.00 to 9.21 dB km-I, with an average of 9.09 dB km-I. This was slightly higher than 
the sound absorption (9.01 dB km-I) estimated from the four previous surveys in 2001-03 and 2005 
(O'Driscoll & McMillan 2004, O'Drisco1l2006), and was due to the lower water temperatures recorded 
in 2006. The two profiles in Pegasus Canyon showed an average temperature of 9.37 DC, an average 
salinity of 34.7 PSU, and a calculated sound absorption of 9.20 dB km-I, which was slightly lower than 
the absorption of 9.27 dB km-I calculated from the previous industry vessel survey in 2003 (O'Driscoll et 
al. 2004b). One further CTD profile was obtained in the Marlborough Sounds in association with the 
acoustic calibrations (see Appendix 1). 

3.2.4 Weather 

Weather conditions during the survey were often poor, with a series of southerly storms and northwest 
gales. This meant that there was only 19 days at sea during the 42-day survey period. On most recent 
Cook Strait surveys there have been 23-25 days at sea. Because of the reduction in sea-time, some of the 
secondary survey objectives were not achieved: no in situ target strength data were collected in 2006; 
the number of snapshots on the ECSI was lower than proposed; and fewer trawls were carried out than 
expected. 

3.3 Mark identification 

3.3.1 Acoustic mark types 

Visual examination of echograms in association with trawl catches indicated the presence of at least 
seven types of acoustic marks. These are described briefly below. Marks were similar to those observed 
in Cook Strait in 2001-03 and 2005, and off the ECSI in 2002 and 2003. Example echograms of some of 
these mark types are shown in Figures 9-12. Further examples were provided by O'Driscoll (2002b, 
2003a, 2003b) and O'Driscoll et al. (2004b). 

1. Roki schools 
Relatively dense marks with clearly defined edges, typically occurring in 200-700 ill water depth, and 
often in midwater over canyon features. During the night, schools tended to disperse and descend to the 
bottom or to 350-600 m depth. In the day, schools were denser and higher in the water column, at 200-
450 m depth. The densest hoki schools were observed in the head of Cook Strait Canyon in 2006 (see 
Figure 9), but hoki schools were also observed in outer Cook Strait Canyon, Nicholson Canyon, and 
Pegasus Canyon (see Figure 11). 
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2. Hoki bottom fuzz 
Bottom-referenced layers, sometimes extending more than 50 m above the seabed. Hoki bottom fuzz 
marks typically occur at depths shallower than 300 m. The only good examples of such marks observed 
in 2006 were in the Narrows Basin during snapshot 7 (see Figure 10). 

3. Hoki pelagic fuzz 
Relatively low density (diffuse), surface-referenced layers occurring at 200-700 m depth, typically over 
deep water (500-1000 m). Single targets often visible. In 2006, these marks were common in outer Cook 
Strait Canyon, the deepwater between Cook and Wairarapa Canyons, and in north Pegasus Canyon. 
Similar pelagic fuzz marks were observed in Conway Trough (see Figure 12). 

4. Bottom non-hoki 
Bottom-referenced layers, which were typically denser and shallower (less than 200 m depth) than hoki 
bottom fuzz layers. Few bottom non-hoki marks were recognised in 2006. 

5. Jack mackerel 
Strong surface-referenced layers consisting of small schools and strong single targets at depths of 50 to 
200 m. As in previous surveys, jack mackerel marks were usually observed in the Narrows Basin. 

6. Pelagic layers 
Strong surface-referenced mesopelagic layers usually occurring from 0 to 300 m, and exhibiting strong 
diurnal vertical migration patterns. No single targets visible. Pelagic layers were widespread throughout 
the survey areas (e.g., Figures 9 and 12) 

7. Spiny dogfish 
Surface-referenced layers similar to jack mackerel marks, and consisting of small schools and single 
targets at depths of 100-200 m, above hoki schools (e.g., Figure 9). Midwater spiny dogfish marks were 
observed only in Cook Strait Canyon. Livingston (1990) found that midwater aggregations of spiny 
dogfish above hoki schools were feeding on recently spawned hoki eggs. 

3.3.2 Mark identification trawls 

Because of the limited time available for trawling in 2006, mark identification trawls were carried out on 
only three of the seven mark types (Table 6). No trawls were targeted at spiny dogfish, jack mackerel, 
pelagic, or bottom non-hoki marks in 2006. Tows targeted on these mark types in previous years have 
typically caught less than 10% hoki (O'Driscoll2002b, 2003a, 2006, O'Driscoll & McMillan 2004). 

The five successful tows targeted at hoki schools caught 93-98% hoki by weight, and catch rates were 
high (Table 6). In all five trawls the net window burst. The two tows targeted at hoki pelagic fuzz marks 
in Cook Strait caught mostly hoki (68 and 84% hoki by weight), but catch rates were much lower (Table 
6). Three trawls on this mark type in Pegasus Canyon caught 7,31, and 74% hoki, with low catch rates. 
Although the pelagic fuzz mark type was widespread in Conway Trough (see Figure 12), it is not certain 
whether these marks contained hoki because no mark identification trawls were carried out in this 
area. The proportion of hoki in trawls on bottom fuzz marks in the Narrows Basin in 2006 was low (20, 
23, and 30% hoki by weight) (Table 6). 

The proportion of hoki in trawls targeted at hoki schools and hoki pelagic fuzz marks in Cook Strait 
during 2006 was similar to that observed in recent surveys (Figure 13). The proportion ofhoki in bottom 
fuzz marks was similar to that in 2005 (average 32% hoki) and was lower than the proportion ofhoki 
caught from this mark type in previous surveys (Figure 13). O'Driscoll (2006) suggested that one 
plausible explanation for the reduced proportion of hoki in trawls on bottom fuzz marks is that the 
abundance of hoki in the Narrows Basin and over the Terawhiti Sill has decreased relative to the 
abundance of by catch species since 2003. 

11 



It is difficult to compare catches from the four research trawls in Pegasus Canyon with those from the 
earlier surveys in 2002 and 2003, which were carried out from a fishing vessel, using a commercial trawl 
with 100 mm codend mesh, targeted at dense marks, and caught 75-100% hoki (O'Driscoll 2003b, 
O'Driscoll et al. 2004b). Further trawling on hoki fuzz mark types with a variety of gears is required in 
future surveys to help improve estimates of species composition on the ECSI spawning grounds. It is 
particularly important to sample marks in Conway Trough. 

Acoustic backscatter from regions corresponding to hoki schools, hoki bottom fuzz, and hoki pelagic fuzz 
were integrated to obtain acoustic density estimates. This is consistent with mark identification in 
previous years (O'Driscoll 2002a). Although midwater trawls targeted on hoki fuzz marks contained a 
proportion of other species (see Table 6), all backscatter from these marks was assumed to be from hoki. 
Again, this is consistent with previous years. No species decomposition of acoustic backscatter in mixed 
layers was attempted because of the low number of trawls and uncertainty associated with the relative 
catchabilities of different species in the midwater trawl. If there has been a change in the proportion of 
hoki in fuzz marks over time (as was suggested by O'Driscoll (2006) for bottom fuzz marks) this 
approach will lead to bias in the relative abundance estimates. However, the Monte Carlo estimation of 
survey uncertainty will incorporate some of this potential bias. The lognormal distribution of uncertainty 
associated with species mix is very broad (see Table 2), and the observed species mix from trawls in 2006 
was within the bounds of this distribution. In Section 3.6, abundance estimates are presented for hoki 
school marks only (where mark identification is relatively certain), as well as for hoki school and hoki 
fuzz marks combined. 

3.4 Distribution of hoki backscatter 

3.4.1 Cook Strait 

Expanding symbol plots show the spatial distribution of hoki backscatter along each transect during the 
seven snapshots of Cook Strait (Figure 14). Hoki densities were highest in Cook Strait Canyon. As in 
previous years, hoki appeared to be aggregated in two main regions within the canyon: in the shallower 
water at the head (northwestern end) of the canyon; and on the south side of the outer canyon close to the 
boundary between strata 2 and 5A (e.g., snapshots 5 and 6 in Figure 14). In snapshot 7, there were very 
dense marks along two transects at the head of Cook Strait Canyon (see Figure 9). Small schools ofhoki 
were also observed in Nicholson Canyon (stratum 3), particularly during snapshots 1 and 2, but these 
were not as dense as in previous years. 

Most of the acoustic backscatter in the deep water between Cook Strait and Wairarapa Canyons (stratum 
5B) came from pelagic fuzz marks and densities were relatively low (Figure 14). Acoustic densities were 
also low in the Narrows Basin (stratum 1) and over the Terawhiti Sill (stratum 6), and all the backscatter 
from these areas was from bottom fuzz marks. The densest bottom fuzz marks were in the Narrows Basin 
during snapshot 7 (see Figure 10). 

The overall distribution of hoki backscatter in Cook Strait Canyon was generally similar to that in 2001-
03, and 2005, with the two 'hotspots' present in all four surveys (O'Driscoll 2002b, 2003a, 2006, 
O'Driscoll & McMillan 2004). As in 2005, no dense hoki marks were observed outside Cook Strait 
Canyon. In particular, marks were relatively weak in the Narrows Basin, Terawhiti Sill, and Nicholson 
Canyon where large aggregations ofhoki have been observed in the past (e.g., O'Drisco1l2002b, 2003a). 

3.4.2 East coast South Island 

The density of acoustic backscatter in the ECSI spawning areas in Conway Trough and Pegasus Canyon 
(Figure 15) was weak relative to the densities observed in Cook Strait Canyon (see Figure 14). The 
strongest ECSI marks were in Pegasus Canyon during snapshot 3 (see Figure 11), but acoustic densities 
(Sa values) from these marks was an order of magnitude lower than from the hoki schools observed in 
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Cook Strait Canyon during snapshot 7 (see Figure 9). Hoki backscatter was relatively evenly distributed 
throughout Pegasus Canyon during the fIrst snapshot in late July, but was concentrated in the 
southeastern part of the canyon during snapshots 2 and 3 in late August (Figure 15). O'Driscoll et al. 
(2004b) also reported that hoki marks were stronger and extended further south into the Pegasus Canyon 
during August and early September. 

Acoustic densities were relatively low in Conway Trough (Figure 15), but pelagic fuzz marks were 
spread over a wide area. The highest densities were at the southeastern end of the trough associated with 
some small hoki schools (see Figure 12). 

3.5 Hoki size and maturity 

Although the number of research trawls in 2006 was very low (13 tows), there appeared to be 
considerable variation in hoki length frequencies between strata (Figure 16). The largest hoki were caught 
in Nicholson Canyon (stratum 3), with a mean length of76.8 cm (Table 7), with very small fIsh caught in 
the Narrows Basin (stratum 1, mean = 47.9 cm). Mean length ofhoki from the main commercial fIshing 
grounds in Cook Strait Canyon (strata 2 and 5A) was about 63 cm (Table 7), which was much smaller 
than the average size ofhoki in the Cook Strait commercial catch (74.7 crn, see Figure 6). Almost all the 
hoki caught in the four tows in Pegasus Canyon were male (Figure 16), with a mean length of 63.8 cm 
(Table 7). The length modes centred on about 48-50 cm and 60-65 cm for both males and females in 
Figure 16 correspond to hoki from the 2004 and 2003 year-classes respectively, seen in 2006 at ages 2 
and 3. There were also a small number of age-l fish (28-35 cm) from the 2005 year-class caught by 
research trawls, particularly in the Narrows Basin. The occurrence of young fIsh in Cook Strait and 
Pegasus Canyon may indicate reasonable recent recruitment to the eastern hoki stock. The average size 
ofhoki in both the research and commercial catch was smaller than in 2005. 

A subsarnple of 518 hoki was weighed during the 2006 survey. The derived length-weight relationship 
(R2 = 0.99) from these fIsh was: 

(3) 

This relationship gave a weight about 9% higher for a hoki of 75 cm than that obtained using the generic 
relationship of Francis (2003) because almost all adult hoki caught during the survey were in spawning 
condition. 

When r (the ratio used to convert hoki backscatter to biomass) was calculated from the hoki length 
frequencies from research tows using the length-weight relationship estimated from the survey (equation 
(3» and the TS-Iength relationship of Macaulay (2006) (equation (2», the ratio was 15467 kg m-2 for 
Cook Strait and 14 643 kg m-2 for Pegasus Canyon. These were lower than the values of r obtained from 
the commercial fIshery in 2006 using the standard approach (Section 3.1, r = 17 039 kg m-2 for Cook 
Strait and 14 996 kg m-2 for ECSI) because of the smaller average size of hoki caught in research tows. 
Ideally, hoki TS values would be strata- and snapshot-specifIc, based on length frequencies from research 
trawls during the acoustic survey. In practice, this level of research fIshing is not possible and r calculated 
from commercial tows is used to estimate biomass. The length frequency of hoki caught in the 
commercial fishery may not represent the length frequency of the underlying spawning population due to 
gear selectivity, or targeting of fIsh of certain size, or at certain depth ranges. However, the variation in 
length in the commercial catch is likely to give a realistic idea of the level of interannual variability in fish 
size (O'Drisco1l2002a). 

The gonad stages ofhoki caught in research trawls are shown in Table 8. Almost all (96%) hoki sampled 
during the acoustic survey were in spawning condition. Most males were ripe or running ripe (stages 4 
and 5), and most females were maturing or ripe (stages 3 and 4). There were no clear indications of 
spawning events in gonad stage data from research trawls. The number of tows carried out during each 
snapshot was small, and temporal patterns were confounded by the spatial distribution of tows. 
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3.6 Hoki abundance estimates 

3.6.1 Cook Strait 

Hoki abundance estimates by snapshot and strata are given in Table 9 and plotted in Figure 17. Estimated 
abundance was highest in snapshot 7 on 25-26 August (349 000 t). The estimate from this fmal snapshot 
was nearly three times higher than the next highest estimate (135 000 t) in snapshot 3 on 1-2 August. The 
peak abundance at the end of August corresponded with the peak in the proportion spawning observed in 
commercial trawl catches (see Figure 7) and the second peak in total catch (see Figure 4). Sampling 
precision (c.v.) of individual snapshots ranged between 14 and 41% (Table 9). The sampling c.v. for the 
survey varied depending on which of the two methods was used to calculate variance. The average of the 
snapshot variances was 17%. The variance of the abundance estimates from the seven snapshots was 
31%. 

When results from Table 9 were averaged over all snapshots, 55% of the hoki biomass was in stratum 2, 
15% in stratum 5B, 13% in stratum 1, 12% in stratum 5A, 4% in stratum 3, and 1% in stratum 6. Hoki 
densities in strata 1 and 5B were generally low (see Figure 14), and the importance of these strata to the 
overall biomass was due to their relatively large areas. The contribution from strata 1, 5B, and 6 will also 
be overestimated because almost all of the estimated biomass in these strata was from hoki fuzz marks 
which contain other species (see below). 

The average proportion of the biomass from hoki schools in 2005 was 57% (Table 10). This was within 
the range recorded in previous surveys in the time series (30-68% ofhoki in schools). Most of the hoki 
observed in strata 2, 3 and 5A were in schools (Table 10). Hoki schools were observed only in stratum 5B 
in snapshot 3 and snapshot 7. The remainder of the hoki biomass in this stratum came from pelagic fuzz 
marks. All of the hoki biomass in strata 1 and 6 came from hoki bottom fuzz marks (Table 10). As in 
2001-03, and 2005 (O'Driscoll 2002b, 2003a, 2006, O'Driscoll & McMillan 2004), changes in 
abundance over the survey period were due mainly to the changes in the biomass of hoki schools (Figure 
17). The biomass from hoki fuzz marks remained relatively constant throughout the season, increasing in 
snapshot 7 when the density of bottom fuzz marks increased in the Narrows Basin. 

As in previous years, estimates from all snapshots were averaged to obtain the overall acoustic abundance 
index. All seven snapshots in 2006 were within the period of peak commercial catches (see Figure 4), and 
there has been no obvious trend in the timing of peak biomass estimates from previous acoustic surveys 
to suggest that the main spawning season (plateau interval) has shifted over time (Figure 18). However, 
the observation of peak biomass in the final snapshot in late August is a concern. Based on observations 
of declining mean length in the commercial catch during the spawning season (e.g., Ballara et al. 2006), it 
has been hypothesised that younger fish spawn later. The hoki caught in Cook Strait were smaller on 
average in 2006 than in previous years, and one plausible explanation for the large increase in biomass 
between snapshots 6 and 7 is an influx of young fish onto the spawning grounds. It may be useful to 
extend future acoustic surveys of Cook Strait into early September to ensure that the spawning period is 
adequately covered. When all seven snapshots were averaged, the abundance index for 2006 was 
126000 t (see Table 9). 

3.6.2 East coast South Island 

Hoki abundance estimates by snapshot for Pegasus Canyon and Conway Trough are given in Table 11. 
Estimated biomass in Pegasus Canyon was 23 000 t in Snapshot 1 at the end of July, rising to 37 000-
40000 t during the two snapshots from 23-24 August. The average abundance index of 33000 t from 
Pegasus Canyon in 2006 was much lower than the equivalent estimates of 116 000 t and 97 000 t in 2002 
and 2003 respectively (see Appendix 4). It is difficult to interpret this apparent decrease in abundance 
because of the different timing of the three surveys (Figure 19). However, abundance estimates from 
snapshots on 23-24 August 2006 (average 39 000 t) were much lower than estimates from snapshots at a 
similar time (18-22 August) in 2003 (average 133 000 t). The mean biomass from Pegasus Canyon in 
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2006 was 26% of the acoustic biomass index from Cook Strait. In 2002 and 2003, acoustic biomass 
estimates from Pegasus Canyon were 35% and 43% respectively of the equivalent estimates from Cook 
Strait (O'Drisco1l2003b, O'Driscoll et al. 2004b). 

Sampling precision (c.v.) of individual snapshots in Pegasus Canyon ranged between 22 and 41% (Table 
11). The average of the snapshot variances was 19%. The variance of the biomass estimates from the 
three snapshots was 16%. 

On average, 38% of the hoki biomass in Pegasus Canyon came from hoki schools, with a higher 
proportion of schools in the southern canyon (stratum PCB) (Table 12). The overall proportion ofhoki in 
schools in 2006 was lower than in 2002 and 2003, when 58% and 78% of the biomass came from schools 
(O'Drisco1l2003b, O'Driscoll et al. 2004b). 

The abundance estimate for Conway Trough in the single snapshot on 29 July was 46 000 t with a 
sampling c.v. of 12% (see Table 11). This was lower than the estimated biomass on 18 August 2003 of 
56000 t (Appendix 4, Figure 19). The estimate on 8 September 2002 was 26 000 t, but the area surveyed 
was smaller than in 2003 and 2006 (O'Driscoll 2003b). These biomass values for Conway Trough 
overestimate hoki abundance because 92% of the hoki biomass in 2006 was from pelagic fuzz marks 
(Table 12) which almost certainly contain other species. It was not possible to determine the magnitude of 
this bias due to species mix because no trawls were carried out in Conway Trough during this surveyor 
on earlier surveys in 2002 and 2003. 

3.7 Survey weighting for stock assessment 

The overall survey weighting estimated from the Monte Carlo simulation model for Cook Strait was 0.34. 
The c.v. was monitored after each component of uncertainty was added to assess which sources of 
uncertainty were the most important. Results are given in Table 13. As in previous Cook Strait surveys 
(O'Driscoll 2004), timing (including uncertainties about plateau timing and residence time) and mark 
identification were the major sources of uncertainty (Table 13). Uncertainties due to calibration, 
detectability, and TS contributed relatively little to the overall c.v. (Table 13). However, incorrect choice 
ofTS and calibration coefficients do have potential to introduce bias, which is not reflected in the c.v. in 
Table 13. 

The weighting of the 2006 survey was similar to that estimated for surveys in 2001--03 and 2005 (Table 
14). All surveys since 2001 have consisted of a relatively large number of snapshots spread over a similar 
time period. The reduction in the number of snapshots from nine in 2002, 2003, and 2005, to seven in 
2006 did not increase the estimated uncertainty. This finding is consistent with the conclusions of the 
simulation study of O'Driscoll (2004) that there was little advantage in having a survey with more than 
six snapshots as long as those snapshots were spread over a long survey period. There were greater 
uncertainties (higher c.v.s) associated with surveys before 1999 because of poor survey timing 
(O'Drisco1l2002a, 2004). 

4. CONCLUSIONS 

Seven acoustic snapshots of the hoki spawning abundance in Cook Strait were completed during 
winter 2006. The updated time series of acoustic abundance indices for Cook Strait is given in Table 14 
and plotted in Figure 20. The abundance index in 2006 was similar to the previous estimate from 2005 
and the lowest in the acoustic time series which goes back to 1991. Indices in 2005--06 were less than 
25% of the peak abundance observed in 1993-94 (Figure 20). The survey weighting, which includes 
uncertainty associated with survey timing, sampling precision, mark identification, acoustic 
detectability, calibration, and target strength, was 34%. 
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The 2006 survey also covered other eastern spawning grounds, with three snapshots of Pegasus Canyon 
and one of Conway Trough. Significant aggregations of hoki occurred in Pegasus Canyon, although the 
peak densities were an order of magnitude lower than for the densest hoki schools in Cook Strait Canyon. 
The acoustic abundance estimate for Pegasus Canyon was 26% of the equivalent estimate from Cook 
Strait, but biomass estimates from the two snapshots in August 2006 were less than a third of the biomass 
estimated for Pegasus Canyon in August 2003 during an industry-vessel survey (O'Driscoll et al. 2004b). 
Extensive dispersed marks were observed during the single snapshot of Conway Trough, but it is not 
certain whether these marks contained hoki because no mark identification trawls were carried out in this 
area. 

The 6-week duration of the survey allowed good coverage in Cook Strait, while still allowing time to 
survey the ECSI spawning areas. Unfortunately, the weather during the survey was poor compared to 
previous years, which meant that there was insufficient time in suitable conditions to collect in situ target 
strength data, and that the number of mark identification trawls was lower than expected. The highest 
biomass estimate was in the fmal snapshot on 25-26 August, which raises some concerns about the 
timing of the survey, especially if the spawning season is extended by younger fish spawning later. I 
recommend that the survey period for the next acoustic survey of Cook Strait be shifted about one week 
later (e.g., 26 July - 5 September) to ensure that the latter part of the spawning period is adequately 
covered. 

The methods used to determine the hoki abundance in 2006 were consistent with previous surveys 
(O'Driscoll 2002a), with updated estimates of target strength and sound absorption. The current 
approach to mark identification probably overestimates the true hoki densities because not all 
backscatter in hoki fuzz type marks (which contributed 43% of the abundance estimate in Cook Strait, 
62% in Pegasus Canyon, and 92% in Conway Trough) comes from hoki. Further trawling on hoki fuzz 
mark types with a variety of gears is required in future surveys to help improve estimates of species 
composition. The major focus should be to carry out more trawls on pelagic fuzz marks in the ECSI 
spawning areas (especially Conway Trough), and on bottom fuzz marks in the Narrows Basin, where 
there is some evidence that the proportion of hoki has declined in recent years. 
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Table 1: Stratum boundaries, areas and transect allocation in the 2006 acoustic survey of spawning hoki in 
Cook Strait and off the east coast South Island (ECSI). Stratum locations are shown in Figures 2 and 3. 

Area Stratum Name Boundary Area (lan2) No.oftransects 
Cook Strait 1 Narrows Basin 200-200m 330 3-4 

2 Cook Strait Canyon 180-180 m 220 9 
3 Nicholson Canyon 200-200m 55 4 
4 Wairarapa Canyon 200-200m 35 0 
5A Cook Strait Canyon extension position to 200 m 90 3-4 
5B Deepwater position to 200 m 215 3 
6 Terawhiti Sill 200-200m 65 4 

ECSI CT Conway Trough 200-200m 171 6 
PCA North Pegasus Canyon position to 200 m 270 5-6 
PCB South Pegasus Canyon 200-200 m 63 4 

Table 2: Values of parameters and their distributions used in Monte Carlo uncertainty simnlations to 
determine model weighting (from O'Driscoll 2004). 

Term Notation Distribution Values* 
Mean arrival date d Uniform 1 Jo1y-9 August 

Mean residence time r Uniform 24-47 days 
Individual arrival date dj Normal d (5 days) 
Individual residence time rj Normal r (10 days) 
Sampling s Normal 1.0 (snapshot c.v) 
Detectability D Uniform 0.85-0.97 
Mark identification - 'fuzz' marks Idruzz Lognormal 0.78 (0.72) 
Mark identification - 'school' marks Id.chool Lognormal 0.10 (0.16) 
Calibration cal Uniform cal± 0.2 dB 
Target strength + TS Uniform TS±O.5 dB 

* For uniform distribution values are ranges; for normal distributions values are means with standard deviations (in 
parentheses); for lognormal distributions values are the mean and standard deviation (in parentheses) of 
log.,( variable). 

+ Uncertainty associated with TS arose from variation in fish size, and from differences in the slope of alternative 
TS-length relationships. Potential bias due to differences in the intercept of alternative TS-length models was 
ignored because it will not affect the relative values of acoustic indices (see Q'Drisco1l2004 for details). 

Table 3: Summary of snapshots carried out during 2006 Cook Strait hoki acoustic survey. Times are NZST. 

Snapshot 
1 
2 
3 
4 
5 
6 
7 

Start time 
24 J0115:05 
27 J0115:14 
1 Aug 13:26 
5 Aug 14:47 

11 Aug 11:44 
16 Aug 13:38 
25 Aug 08:52 

End time 
25 J0112:00 
28 J0114:58 

2 Aug 19:30 
6 Aug 14:16 

12 Aug 11:40 
18 Aug 23:23 
26 Aug 06:25 

No. of transects 
27 
27 
28 
28 
28 
28 
27 

19 

No. of trawls 
o 
o 
2 
1 
o 
5 
1 



Table 4: Summary of snapshots carried out during the acoustic survey of Pegasus Canyon and Conway 
Trough. Times are NZST. 

Area Snapshot Start time End time No. of transects No. of trawls 
Pegasus Canyon 1 29 Jul 05:21 29 Julll:45 9 3 

2 23 Aug 11:38 23 Aug 18:03 9 1 
3 23 Aug 23:13 24 Aug 06:14 10 0 

Conway Trough 30Jul 04:46 30 Jul 08:37 6 0 

Table 5: Summary and catch information from trawl stations carried out during 2006 hoki acoustic 
survey. Mark type refers to the categories described by O'Driscoll (2002b): HOK, hoki school; PM IX, 
hoki pelagic fuzz; BMIX, hoki bottom fuzz. 

Catch{kg2 
Station Snapshot Stratum Mark Hoki Jack Spiny Ling Other % 

type mackerel dogfish Hoki 
1 1 PCB PMIX 3 0 0 3 4 31 
2 1 PCA PMIX 45 0 0 15 1 74 
3 1 PCA PMIX 3 0 1 0 31 7 
4* 3 3 HOK 627 43 0 0 5 93 
5* 3 2 HOK 394 3 5 0 3 97 
6 4 1 BMIX 24 48 19 1 27 20 
7 6 1 BMIX 9 4 4 3 20 23 
8* 6 5A HOK 466 0 0 0 15 97 
9* 6 2 HOK 554 0 0 0 12 98 
10 6 2 PMIX 130 0 0 0 26 84 
11 6 5A PMIX 48 0 1 0 21 68 
12* 2 PCB HOK 350 0 2 0 10 97 
13 7 1 BMIX 67 8 18 47 80 30 

* Net window burst 

Table 6: Catch composition and catch rates of hoki for successful trawls targeted on three acoustic mark 
types (see Section 3.3.1 for details) and two areas in 2006. 

% hoki in catch Catch rate hoki (kg km-22 
Mark type Area n mean mm max mean mm max 
Hoki schools Cook Strait 4 96 93 98 4007* 1671 7548* 

Pegasus Canyon 1 97 2824* 
Hoki pelagic fuzz Cook Strait 2 76 68 84 393 177 610 

Pegasus Canyon 3 38 7 74 81 12 218 
Hoki bottom fuzz Cook Strait 3 25 20 30 354 28 751 

*Underestimates because net window burst during all five trawls on hoki schools (see Table 5). 
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Table 7: Mean length of hoki caught during the 2006 acoustic survey by stratum. Length frequency 
distributions are shown in Figure 5. 

Stratum No. trawls No. hoki measured Mean length (em) % female hoki 
1 3 277 47.9 37 
2 3 864 62.8 32 
3 1 263 76.8 69 
5A 2 465 63.3 39 
All Cook Strait 9 1869 66.1 43 

Pegasus Canyon 4 446 63.8 6 

Table 8: Gonad stages of hoki caught in research trawls during the 2006 acoustic survey. Data are 
arranged by area and snapshot. Gonad stages are defined in Appendix 2. 

Cook Strait Pegasus Canyon 
Sna2shot Sna2shot 

3 4 6 7 1 2 
Sex Stage 1 Aug 5 Aug 17 Aug 26 Aug 29 Jul 23 Aug 
Male 1 0 4 11 2 13 0 

2 0 3 1 1 0 0 
3 30 9 29 7 2 9 
4 326 9 174 30 22 165 
5 52 13 340 73 7 183 
6 9 2 1 19 0 5 
7 1 3 2 1 0 2 

Female 1 0 3 25 16 17 0 
2 0 5 2 0 0 0 
3 130 16 294 7 14 0 
4 92 2 44 4 5 0 
5 17 0 5 0 0 0 
6 10 0 7 12 0 2 
7 10 0 16 0 0 0 
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Table 9: Hold acoustic abundance estimates from the 2006 Cook Strait survey by snapshot and stratum. 

Stratum biomass rOOO Q Total Snapshot 
Snapshot 1 2 3 5A 5B 6 ('000 t) c.v. 
1 6 25 5 7 29 1 74 20 
2 6 13 5 5 9 1 39 24 
3 5 57 5 36 33 0 135 14 
4 11 14 6 16 19 2 68 15 
5 13 72 3 7 14 1 111 27 
6 7 52 4 21 22 1 107 21 
7 67 246 3 17 14 2 349 41 

mean 16 69 5 15 20 126 17 

Table 10: Percentage of the hold abundance estimate from hold school marks in each snapshot and strata for 
Cook Strait. Percentages were calculated in relation to abundance estimates in Table 9. 

Percentage of biomass in schools 
Snapshot 1 2 3 5A 5B 6 Total 
1 0 95 75 0 0 0 38 
2 0 93 78 0 0 0 42 
3 0 97 86 50 15 0 61 
4 0 95 88 69 0 0 44 
5 0 97 73 73 0 0 70 
6 0 96 100 90 0 0 68 
7 0 98 43 96 20 0 75 

mean 0 96 78 54 5 0 57 
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Table 11: Hold acoustic abundance estimates from the 2006 east coast South Island survey by snapshot and 
stratum. 

Stratum biomass rOOO t) Total Snapshot 
Area Snapshot PCA PCB ('000 t) c.v. 
Pegasus Canyon 1 18 5 23 22 

2 30 7 37 41 
3 23 17 40 26 

mean 24 10 33 19 

CT 
Conway Trough 46 46 12 

Table 12: Percentage of the hold abundance estimate from hold school marks in each snapshot and strata for 
the east coast South Island. Percentages were calculated in relation to abundance estimates in Table 11. 

Area 
Pegasus Canyon 

Conway Trough 

Snapshot 
1 
2 
3 

mean 

Percentage of biomass in schools 
PCA PCB Total 

o 65 14 
50 85 56 

3 99 45 

18 

CT 
8 

23 

83 38 
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Table 13: Results of Monte Carlo simulations to determine model weighting for the 2006 Cook Strait 
acoustic survey (see O'Driscoll 2004 for details). The c.v. for the survey is given in a stepwise cumulative 
fashion to allow the contribution of each component of the abundance estimation process to be assessed. 
'Timing' refers to uncertainties associated with the timing of snapshots relative to the plateau height 
model and includes uncertainties associated with assumptions about fish arrival date and residence time. 

Timing 
+ Sampling 
+ Detectability 
+ Mark identification 
+ Calibration 
+TS 

Total 

0.238 
0.254 
0.255 
0.332 
0.335 
0.343 

0.343 

Table 14: Acoustic indices of hoki abundance for Cook Strait 1988-2006. Values for 1991-2005 are from 
Appendix 3 using the revised target strength length relationship of Macaulay (2006). Indices normalised to 
the series mean (286 000 t). 

Year Biomass ('000 t) Normalised abundance index No of snapshots c.v. 
1991 180 0.63 4 0.41 
1993 583 2.04 4 0.52 
1994 592 2.07 3 0.91 
1995 427 1.49 4 0.61 
1996 202 0.71 5 0.57 
1997 295 1.03 6 0.40 
1998 170 0.59 5 0.44 
1999 243 0.85 6 0.36 
2001 220 0.77 11 0.30 
2002 320 1.12 9 0.35 
2003 225 0.79 9 0.34 
2005 132 0.46 9 0.32 
2006 126 0.44 7 0.34 
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Figure 1: Map showing location of acoustic survey areas in Cook Strait, Conway Trough, and Pegasus 
Canyon. Depth contours are 500 and 1000 m. 
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Figure 2: Stratum bouudaries for the 2006 acoustic survey of Cook Strait spawuing hoki: 1, Narrows Basin; 
2, Cook Strait Canyon; 3, Nicholson Canyon; SA, Cook Strait Canyon extension; 5B, Deepwater outside 
Nicholson and Wairarapa Canyons; 6, Terawhiti Sill. Depth contours are 250, 500, 750, and 1000 m. 
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Figure 3: Stratum boundaries for the east coast South Island: CT, Conway Trough; PC, Pegasus Canyon. 
Depth contours are 250, 500, 750, and 1000 m. 
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Figure 4: Timing of acoustic surveys in 2006 (bars along the x axes) in relation to the commercial hoki 
catch from Cook Strait (upper panel) and ECSI (lower panel) in 5-day periods. 
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Figure 5: Distribution of recorded start positions of tows targeting hoki in Cook Strait (upper panel) and 
ECSI (lower panel) from 1 July to 30 September 2006 in relation to the acoustic survey boundaries. Note 
that data were not checked for positional errors and one cross can represent multiple tows. 
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Figure 6: Scaled unsexed length frequencies of hold caught in the commercial fishery in Cook Strait (upper 
panel) and ECSI (lower panel) in 2006 used to estimate the ratio, r, of mean weight to mean backscattering 
cross-section. Data are from commercial catch sampling for Cook Strait, and at-sea observer sampling for 
ECSI. 
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Figure 7: Proportiou of female hoki in different maturity states from sampling of commercial landings 
from Cook Strait in 2006. Research gonad stages are defined in Appendix 2: pre-spawning = gonad stages 
1-3 and 6 (observer stages 1 and 2); spawning = gonad stages 4 and 5 (observer stages 3 and 4); post
spawning = gonad stage 7 (observer stage 5). 
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Figure 8: Location and catch rates of successful trawls carried out in Cook Strait and Pegasus Canyon 
during the 2006 hoki acoustic survey. Circle areas are proportional to trawl catch rates. 
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Figure 9: Acoustic echogram from Cook Strait Canyon (stratum 2) during snapshot 7 showing a very 
dense hoki school close to the bottom. The dispersed layer from 130 to 200 m is spiny dogfish. The layer 
from 50 to 100 m is pelagic. Towbody depth was about 35 m. 
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Figure 10: Acoustic echogram from the Narrows Basin (stratum 1) during snapshot 7 showing hoki 
bottom fuzz marks extending up to 70 m from the bottom. Towbody depth was about 35 m. 

33 



o 

100 

T[~cx."j 4. Stmlllm 11!:sa'iUs Cnll)'dl B. S.IU1j~Ji .; 
Ik.ahOh!1!I()Ytm}dyldfJ)(JEUI4. J$l;.Hz ~liihqtD ltl~ J(!'liW! 

o 50 1m 

FrumThuAut 24 Ql:3J:tH 2006 U) n.u Au,s24 00:42:2t) 20(6 

150 100 
Transmit Numl'cr 

FromLAT: 4;2S.9%,-; S LONG: 113 N.'J379f..luLAT:4316.7816S LONG: f1327.~94E 

l'nmsm tid) 10 342, s:unr~ 010 23,)9 (I)qllhfdl'o m kI4~.fl m) 
I'>g.'<>(1 

150 300 

AmpUitdt Filter: ··7~.O dB lq 0.0 dB 

.dB 

-42 

-.51 

Figure 11: Acoustic echo gram from south Pegasus Canyon (stratum PCB) during snapshot 3 showing 
hoki schools close to the bottom. Towbody depth was about 35 m. 
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Figure 12: Acoustic echo gram from Conway Trough (stratum CT) during snapshot 1 showing pelagic 
fuzz type mark from 350 to 500 m. Two small hoki schools are visible between transmits 210 and 360 at 
the eastern end of the transect. The dispersed layer from 80 to 200 m is pelagic. Data were collected on 
Kaharoa hull Simrad EK60 echo sounder. 
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Figure 13: Percentage of hold by weight in trawls on hold schools, hold bottom fuzz, and hold pelagic fuzz 
mark types in Cook Strait in 2006 (black bars) compared to trawls on the same mark types in previous 
Cook Strait surveys in 2001-03, and 2005 (grey bars). n values refer to the total number of tows (2001-
06). 
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Snapshot 1 

Snapshot 2 

Figure 14: Spatial distribution ofhoki acoustic backscatter plotted in 10 ping (-100 m) bins for snapshots 
1-2 of Cook Strait. Symbol size is proportional to the log of the acoustic backscatter. 
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Snapshot 3 

Snapshot 4 

Figure 14 cont: Spatial distribution of hoki acoustic backscatter plotted in 10 ping (-100 m) bins for 
snapshots 3-4 of Cook Strait. Symbol size is proportional to the log of the acoustic backscatter. 
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Snapshot 5 

Snapshot 6 

Figure 14 cont: Spatial distribution of hoki acoustic backscatter plotted in 10 ping (-100 m) bins for 
snapshots 5-6 of Cook Strait. Symbol size is proportional to the log ofthe acoustic backscatter. 
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Snapshot 7 

Figure 14 cont: Spatial distribution of hoki acoustic backscatter plotted in 10 ping (-100 m) bins for 
snapshot 7 of Cook Strait. Symbol size is proportional to the log of the acoustic backscatter. 
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Snapshot 1 
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Figure 15: Spatial distribution of hoki acoustic backscatter plotted in 10 ping (-100 m) bins for snapshot 
1 of Conway Trough (upper panel) and Pegasus Canyon (lower panel). Symbol size is proportional to the 
log ofthe acoustic backscatter. 
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Snapshot 2 

Snapshot 3 

Figure 15 cont: Spatial distribution of hold acoustic backscatter plotted in 10 ping (-100 m) bins for 
snapshots 2-3 of Pegasus Canyon. Symbol size is proportional to the log ofthe acoustic backscatter. 
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Figure 16: Scaled length frequencies of male and female hold by stratum from research trawls in winter 
2006. Length frequencies for each stratum are expressed as a percentage of the total hold catch in that 
stratum. m (male) and f (female) values refer to the numbers of fish measured. 
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Figure 17: Estimated hoki abundance in Cook Strait by snapshot over the 2006 survey period. 
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Figure 18: Estimated hold abundance by snapshot for all acoustic surveys in the Cook Strait time series. 
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Figure 19: Estimated hoki biomass by snapshot in Pegasus Canyon (small circles and thick solid line) and 
Conway Trough (large circle) over the 2006 survey period. Results are compared to biomass estimates 
from the ECSI survey in 2002 (squares and dashed line) and 2003 (diamonds and thin solid line) adjusted 
for revisions in estimates of target strength (see Appendix 4). Note that the survey of Conway Trough in 
2002 covered a smaller area than surveys in 2003 and 2006. 
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Figure 20: Time series of acoustic abuudance estimates for spawning hold in Cook Strait with 95% 
confidence intervals based on Monte Carlo estimates of uncertainty. Note that the upper confidence 
bounds for surveys from 1993 to 1996 were greater than 800 000 t. 
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APPENDIX 1: ACOUSTIC EQUIPMENT USED FOR ABUNDANCE SNAPSHOTS 

This appendix provides the system settings and calculated calibration coefficients used during 
snapshots of the 2006 acoustic survey. Towbody values are given in Table A1.1 and hull system 
values in Table A1.2. 

Table A1.I: Survey settiugs aud calculated calibration coefficients for Towbody 2. VT is the in-circuit 
voltage at the transducer terminals for a target of unit backscattering cross-section at unit range. G is the 
voltage gain of the receiver at a range of I m with the system configured for echo-integration ('20 Log 
R'). 

Parameter 
Echosounder 
Transducer model 
Transducer serial no. 
Operating frequency (kHz) 
Transmit power (W) 
Transmit interval (s) 
Transmitter pulse length (ms) 
Effective pulse length (ms) 
3 dB beamwidth CO) alongship/athwartship 
Effective beam angle (sr) 
Filter bandwidth (kHz) 
Initial sample rate (kHz) 
Decimated sample rate (kHz) 
VT (V) 
G 
Absorption (dB km- I ) 

calibration 
Cook Strait 
ECSI 

Value 
CREST 

Simrad ES38DD 
28327 
38.16 
2000 
2.00 
1.00 
0.78 

7.0/6.9 
0.0083 

1.5 
60 
4 

1323.6 
14490.8 

9.35 
9.09 
9.20 

Table A1.2: Survey settings and calculated calibration coefficients for the Kaharoa hull system. 

Parameter 
Echosounder 
GPT modeVserial 
GPT software version 
EK60 software version 
Transducer model 
Transducer serial number 
Operating frequency (kHz) 
Transmit power (W) 
Pulse length (ms) 
Transducer peak gain (dB) 
Sa correction (dB) 
Bandwidth (Hz) 
Sample interval (m) 
Two-way beam angle (dB) 
Angle sensitivity (dB) alongship/athwartship 
3 dB beamwidth CO) alongship/athwartship 
Angle offset CO) alongship/athwartship 
Absorption (dB km- I) 

calibration 
Cook Strait 
ECSI 

Speed of sound (m S-I) 

Value 
SimradEK60 

GPT -Q38(2)-S 1.0 0090n0580ea 
050112 

ER602.1.2 
ES38B 
30159 
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38 
1000 
1.024 
25.47 
-0.81 
2425 

0.192 
-20.60 

21.9/21.9 
6.7/6.7 

0.14/-0.30 

9.35 
9.09 
9.20 
1493 



APPENDIX 2: DESCRIPTION OF GONAD DEVELOPMENT USED FOR STAGING MALE 
AND FEMALE HOKI. 

Research gonad stage 

Immature 

2 Resting 

3 Ripening 

4 Ripe 

5 Running-ripe 

6 Partially spent 

7 Spent 

Males 

Testes small and translucent, 
threadlike or narrow membranes. 

Testes thin and flabby; 
white or transparent. 

Testes firm and well 
developed, but no milt is 
present. 

Testes large, well developed; 
milt is present and flows when 
testis is cut, but not when 
body is squeezed. 

Testis is large, well formed; 
milt flows easily under 
pressure on the body. 

Testis flabby and may 
be slightly bloodshot, but milt 
still flows freely under 
pressure on the body. 

Testis is flabby and bloodshot. 
No milt in most of testis, but 
there may be some remaining 
near the lumen. Milt not easily 
expressed even when present. 
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Females 

Ovaries small and 
translucent. No 
developing oocytes. 

Ovaries are developed, 
but no developing eggs are 
visible. 

Ovaries contain visible 
developing eggs, but no 
hyaline eggs present. 

Some or all eggs are 
hyaline, but eggs are not 
extruded when body is 
squeezed. 

Eggs flow freely from the 
ovary when it is cut or the 
body is pressed. 

Ovary partially deflated, 
often bloodshot. Some 
hyaline and ovulated eggs 
present and flowing from 
a cut ovary or when the 
body is squeezed. 

Ovary bloodshot; ovary 
wall may appear thick 
and white. Some residual 
ovulated eggs may still 
remain but will not flow 
when body is squeezed. 



APPENDIX 3: REVISION OF COOK STRAIT ACOUSTIC ABUNDANCE INDICES 

A3.1 Revision of hoki target strength 

After 15 years of research, the TS of hoki is still uncertain. Swimbladder modelling and in situ 
measurements have produced a wide range of relationships of TS to fish length (TS-L). Research is 
ongoing, and new methods are being developed to analyse data and refine estimates of TS (e.g., 
Cordue et al. 2000, Macaulay 2001,2003,2004,2006, Macaulay et al. 2002). 

The first estimates of hoki target strength were obtained by Do & Surti (1990) using a simple 
swimbladder model. A revised TS-L relationship was estimated by Coombs & Cordue (1995) using a 
similar method and some additional data: 

TS =22.3210glO(L) -79.84 

This relationship had a slope of about 20 and produced a ratio of mean backscattering cross section to 
mean weight which was insensitive to the hoki length frequency. The relationship was not questioned for 
several years as the acoustic estimates were used as a relative time series which was insensitive to the 
assumed length to target strength relationship. 

Substantial effort was expended in the winter 2000 WCSI survey to collect further target strength data for 
hoki and associated species and the results were presented by Macaulay (2001). The revised TS-L 
relationship for hoki was: 

TS =1810glO(L) -74 

Following the review of acoustic inputs to hoki stock assessment (O'Driscoll 2002a), the TS-L 
relationship of Macaulay (2001) was adopted as the standard for abundance estimation and previous 
indices were re-calculated using the revised estimates ofTS (0'Drisco1l2002a). 

Further data on in situ hoki TS were collected on acoustic surveys of Cook Strait in 2001,2002,2003, 
and 2005 and these new data, along with improvements to analysis methods and the development of more 
realistic swimbladder models, have led to incremental changes in the hoki TS-L relationship (Macaulay et 
al. 2002, Macaulay 2003, 2004, 2006). 

The TS-L relationship for the Cook Strait time series was last updated by following the acoustic survey in 
2005 (0 'Driscoll 2006), using the TS-L relationship of Macaulay (2004): 

TS=13.4log lO(L) - 65.8 

This increased the abundance estimates by about 12%, but relative indices were nearly identical to the 
previous series. 

The TS-Iength relationship for hoki was again revised in 2006 by Macaulay (2006) with the inclusion 
of two further in situ points from the 2005 Cook Strait survey. This latest TS-Iength relationship was 
discussed and accepted by the Hoki Working Group on 21 February 2007. The most recent TS-L 
relationship for hoki is therefore: 

TS =12.210glO(L) - 63.9 

The new relationship gives decreases in TS of 0.2-0.5 dB when compared to the relationship of 
Macaulay (2004) across the length range ofhoki typically observed in hoki surveys (60---100 cm) (Figure 
A3.1). 
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Figure A3.1: Comparison of target strength-length relationships from Macaulay (2004) and Macaulay 
(2006). 

A3.2 Revision of Cook Strait acoustic abundance indices 

It was necessary to update the time series of acoustic estimates for Cook Strait hoki using the most recent 
TS-L relationship. This was straightforward as the ratio, r, is simply a linear scaling factor relating 
measured acoustic backscatter to hoki biomass. Recalculated estimates of r using the most recent TS-L 
relationship of Macaulay (2006) are given in Table A3.I along with the time series of revised acoustic 
estimates. 

Table A3.1: Estimates of hoki abundance in Cook Strait using acoustic TS derived from commercial 
length frequency data using the TS-length relationships of Macaulay (2004) and Macaulay (2006). 
Estimates using the relationship of Macaulay (2004) for 1991-2005 are the same as those presented by 
O'Driscoll (2006), and were used in the 2006 assessment. 

Maeaula.):: {2004} Maeaula.):: {2006} 
Year Mean Mean MeanTS r Biomass Mean TS r Biomass 

length weight (dB) (kg m-2) (OOO's t) (dB) (kg m-2) (OOO's t) 
(em) (kg) 

1991 73.1 1.25 -40.8 15039 167 -41.1 16289 180 
1993 74.7 1.29 -40.7 15122 537 -41.0 16406 583 
1994 76.9 1.40 -40.5 15737 544 -40.9 17129 592 
1995 78.4 1.50 -40.4 16427 391 -40.8 17931 427 
1996 77.4 1.46 -40.5 16300 185 -40.8 17773 202 
1997 74.9 1.33 -40.7 15504 272 -41.0 16838 295 
1998 75.7 1.38 -40.6 15859 156 -41.0 17250 170 
1999 75.6 1.37 -40.6 15718 223 -41.0 17090 243 
2001 76.9 1.43 -40.5 16046 202 -40.9 17479 220 
2002 78.5 1.50 -40.4 16441 293 -40.8 17948 320 
2003 76.8 1.43 -40.5 16111 207 -40.9 17551 225 
2005 78.7 1.54 -40.4 16768 121 -40.8 18323 132 
2006 74.7 1.34 -40.3 16925 116 -41.0 17039 126 
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The revision to the hoki TS increased absolute indices by an average of 9%. The relative indices are 
nearly identical, so the only impact on stock assessment of this change would be a change in the estimate 
of the acoustic q. There is no need to revise the estimated prior on the acoustic q for Cook Strait, because 
the component of uncertainty associated with TS has a broad distribution (bounds of +/- 3 dB which is 
equivalent to halving or doubling TS). 
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APPENDIX 4: REVISION OF EAST COAST SOUTH ISLAND ACOUSTIC ABUNDANCE 
INDICES 

O'Driscoll et al. (2004b) summarised results from two previous surveys of the ECSI spawning 
grounds from FV Independent 1 in 2002 and 2003. The abundance indices were calculated using 
standard analysis methods (see Section 2.5), but using the previous TS-Iength relationship of 
Macaulay (2001). To allow comparison with the estimates from 2006 (see Section 3.6.2), indices were 
recalculated using the currently accepted TS-Iength relationship of Macaulay (2006). This was 
straightforward as the ratio r is simply a linear scaling factor relating measured acoustic backscatter to 
hoki biomass (Table A4.1). 

Table A4.1: Estimates of r for the ECSI usiug acoustic TS derived from survey length frequency data 
using the TS-length relationships of Macaulay (2001) and Macaulay (2006). Estimates using the 
relationship of Macaulay (2001) are the same as those used in the original analysis of O'Driscoll (2003b) 
and O'Driscoll et aI. (2004b). 

Macaula~ (2001} Macaula~ (2006} 
Year Mean Mean Mean TS r Mean TS r 

length weight (dB) (kg m-2) (dB) (kg m-2) 

(cm) (kg) 
2002 70.6 1.12 -40.7 13 017 -41.3 15223 
2003 76.1 1.41 -40.0 14277 -40.9 17499 

Revised estimates abundance by snapshot and area using the updated estimates of r are given in Table 
A4.2. 

Table A4.2: Comparison of existing and revised acoustic abundance estimates by snapshot for ECSI hoki 
surveys in 2002 and 2003. Old estimates used the estimate of r based on the TS-length relationship of 
Macaulay (2001), and are the same as those presented by O'Driscoll et al (2004b) following corrections 
for sound absorption and ES60 error. Revised estimates used the estimate of r based on the TS-length 
relationships of Macaulay (2006). 

Biomass ('000 t} 
Year Stratum Snapshot Date Old Revised c.v. 
2002 Pegasus Canyon 1 3-Sep 84 98 31 

2 4-Sep 96 112 29 
3 5-Sep 79 92 21 
4 7-Sep 140 163 50 
5 8-Sep 90 105 40 
6 9-Sep 165 193 55 
7 10-Sep 44 51 15 

mean 100 116 19 

Conway Trough 8-Sep 23 26 21 

2002 Pegasus Canyon 1 30-Jul 56 68 18 
2 18-Aug 108 132 31 
3 22-Aug 109 133 33 
4 II-Sep 45 55 12 

mean 79 97 16 

Conway Trough 18-Aug 46 56 14 
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