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EXECUTIVE SUMMARY 

OYDriscoU, RL.; Bagley, N.W.; Macaulay, GJ.; Dunford, A.J. (2004). Acoustic surveys of 
spawning hoki off South Island on FV Independent 1 in winter 2003. 

New Zealand Fisheries Assessment Report 2004129.48 p. 

Acoustic surveys of spawning hoki on the east coast South Island (ECSI) and in Hokitika Canyon on 
the west coast South kland (WCSI) were carried out h m  FV Independent I during winter 2003. 
Acoustic survey work was carried out using the vessel's Simrad ES-60 echosounder between routine 
commercial fishing operations. Commercial trawls provided biological data and information for mark 
identification. 

Hoki spawning grounds on the ECSI were surveyed opportunistically as FV Independent I passed 
through these areas on the way to and from fishing grounds in Cook Strait and on the WCSI. Four 
snapshots of Pegasus Canyon and one snapshot of Conway Trough were completed between 29 July 
and 12 September 2003, along with 15 commercial trawls. Acoustic biomass estimates for the four 
snapshots of Pegasus Canyon were between 45 000 and 109 000 t, with abundance estimates from the 
two snapshots in August being about twice as high as estimates &om July and September. The mean 
biomass in Pegasus Canyon in 2003 of 79 000 t was 21% lower than the estimate from September 
2002 (100 000 t), but the different timing of these surveys makes it dimcult to interpret this as a 
decline in abundance. The mean abundance in Pegasus Canyon was over 40% of the preliminaxy 
estimate of hoki biomass (183 000 t) in Cook Strait during July-August 2003, confirming that the 
ECSI is a significant satellite spawning area for the eastern hoki stock Weak hoki marks were also 
observed in Conway Trough, with an acoustic abundance estimate of 46 000 t. 

Eight snapshots of inner Hokitika Canyon, three snapshots of the outer canyon, and 68 commercial 
kawls were camed out in 17 days on the WCSI grounds between 1 and 16 August 2003. Dense hoki 
marks were present in the inner Hokitika Canyon throughout the survey, with an estimated mean biomass 
of 89 000 t. This was similar to the estimated abundance of hoki in inner canyon (Stratum 5A) from the 
previous acoustic survey of the WCSI in 2000. Experimental work showed that hoki schools exhibited 
diurnal behaviour, being concentrated close to the bottom on the southern tide of the inner canyon during 
the day, and moving into midwater and spreading across to the north at night. Few hoki schools were seen 
in Hokitika Canyon outside the 25 n. mile line, and the vessels in this area reported generally poor 
fishing. Estimated hoki biomass in the outer canyon was 18 000 t, which was only 30% of the biomass 
observed in this stratum in 2000. 

Hoki from the Pegasus Canyon were similar in size to those sampled in Cook Stmit. Most fish were 
between 70 and 100 cm, but there were also large numbers of small (55-65 cm) hoki h m  the 2000 year- 
class. Hoki from Hokitika Canyon were much larger than those &om Pegasus Canyon, and there was 
little evidence of fish eom the 2000 year-class. The sex ratio in Hokitika Canyon was also highly biased, 
with two females caught for every male. Almost all hold sampled in both areas were in spawning 
condition. 



1. INTRODUCTION 

Hoki (Macnrronus novaezelandiae) form New Zealand's largest fishery, with a TACC in 2003-04 of 
180 000 t. Two stocks of hoki are currently recognised, based on morphometric and growth rate 
differences (Livingston & Schofield 1996), and these have been assessed separately since 1989 (e.g., 
Annala et al. 2003). 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 spawning occurring mainly 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). 

Acoustic surveys of spawning hoki have been conducted regularly since a 1984 pilot survey of the west 
coast South Island (WCSI) spawning grounds (Coombs & Cordue 1995). The results of acoustic surveys 
of spawning hoki have been an important input into hoki stock assessments for the last decade 
(O'Driscoll 2002a). They provide a fishery-independent index of spawning hold biomass in the two 
major spawning grounds: WCSI and Cook Strait. 

Hoki also spawn in other areas (e.g., Livingston 1990), but there is little information about the magnitude 
of spawning aggregations away from WCSI and Cook Strait. In September 2002, NIWA, Independent 
Fisheries Ltd, and The Hoki Fishery Management Company Ltd carried out an acoustic survey of 
spawning hoki in Pegasus Canyon and Conway Trough on the east coast South Island (ECSI) from 
FV Independent 1. This survey found significant concentrations of spawning hoki, with the biomass 
estimate kom seven snapshots of Pegasus Canyon equivalent to 35% of the estimated biomass of hoki in 
Cook Strait in 2002 (O'Driscoll2003). The ECSI survey also proved that hoki research could be carried 
out successfully (under certain conditions) from industry vessels during routine commercial fishing 
operations using the Sirmad ES-60 echosounder. 

Given the possible importance of the ECSI as a "satellite" spawning area for the eastern hoki stock, 
O'Driscoll(2003) recommended that further acoustic surveys be carried out to develop a time series of 
relative abundance indices. The first part of this report describes the second survey of the ECSI 
spawning grounds from FV Independent I in JulySeptember 2003. 

The WCSI is the major hoki fishery, accounting for almost half the catch in recent years (e.g., Ballara et 
al. 2003). There has not been an acoustic survey of the WCSI spawning grounds since 2000, and thek are 
no plans for future w i s h  funded) research acoustic surveys in this area. The second part of this report 
descriies a "pilot" acoustic survey of Hokitika Canyon in winter 2003 from FV Independent I. The 
aims of this work were to: a) determine the feasibility of using an industry vessel with an ES-60 
echosounder and hull-mounted transducer to survey spawning hoki on the WCSI; b) investigate the 
appropriateness of existing survey design (timing, st~ata boundaries, number of transects) for 
estimating hoki biomass on the WCSI; and c) obtain estimates of the size of the main spawning 
aggregation in Hokitika Canyon in 2003. It is important to note that the objective was not to provide a 
2003 acoustic biomass index consistent with the existing WCSI time-series, but instead to investigate 
alternative survey designs for the WCSI using industry vessels. 

Both surveys were part of a continuing collaborative initiative between NIWA and Independent 
Fisheries Limited, funded by The Hoki Fishery Management Company. 

2. METHODS 

2.1 Survey design 

The survey design in both areas followed the methods of Jolly & Hampton (1990) as adapted by Cwmbs 
& Cordue (1995) to obtain a biomass index for transient fish populations, and was similar to that used 



successfully in acoustic surveys by NIWA on the WCSI and in Cook Strait (Coombs & Cordue 1995, 
O'Driscoll2004). 

It is likely that during the long hoki spawning season there is a tumover of fish on the grounds (Coombs 
& Cordue 1995). We therefore aimed to conduct a number of sub-surveys or "snapshots" of the areas 
during the voyage to obtain estimates of the spawning biomass at different times. 

The timing of spawning on the ECSI is uncertain. In 2002, the ECSI survey was camed out over a 
short time period relatively late in the season (2-11 September). In 2003, the survey design was 
revised to enable acoustic snapshots to be spread over a wider period of time. FV Independent I 
passed through the ECSI survey area about every 25 days on the way to fishing on the WCSI and in 
Cook Strait. Snapshots were carried out at the beginning or end of trips in JulySeptember. This 
timing overlapped with the 2003 survey of spawning hoki in Cook Strait carried out from Kaharoa 
(17 July-28 August 2003). 

Estimates of the timing of spawning on the WCSI were available from previous acoustic surveys and 
frmn commercial catches (Harley 2002). These data suggested peak spawning occurs in early August. 
Accordingly, the 2003 WCSI survey was canied out between 1 and 16 August. 

Randomly allocated parallel hnsects were used to estimate the mean fish density in each snapshot These 
estimates were then averaged to obtain an estimate of the "mean plateau height" (the average biomass 
during the spawning season). Under various model assumptions, the estimate of mean plateau height is a 
valid relative abundance index (Cordue et al. 1992, Coombs & Cordue 1995, O'Driscoll2002a). 

Stratum boundaries were based on depth contours with transects oriented to nm across canyon features in 
water depths greater than 200 m on the ECSL, and 300 m on the WCSI (Figure 1, Table 1). Stratum 
boundaries on the ECSI were based on the recorded stat and f i ~ s h  positions of acoustic transects in 
2002. The stratum area and boundaries for Pegasus Canyon were the same as in 2002 (O'Driscoll2003), 
but a greater area of the Conway Trough was surveyed in 2003 (Figure 1). Stratum boundaries in the 
Hokitika Canyon were the same as those used in previous WCSI acoustic surveys (i.e., Stratum 5A and 
5B), with the slight revlaons to stratum areas calculated by O'Dnscoll et al. (2004). The number of 
transects allocated in each strahrm is given in Table 1. 

An adaptive survey design was also used on the WCSL, with the aim of mapping the spatial extent of the 
main hoki aggregations. Strong hoki marks were located during some acoustic snapshots. After 
completion of the snapshot, these marks were resurveyed with a zig-zag pattern, tuming when we ran 
out of fish. Transect spacing and orientation was dependent on the size and shape of the aggregation. 
Turning points between legs of the zig-zag were usually 03-1.0 n. mile. 

2.2 Acoustic data collection 

Acoustic surveys were carried out ffom the 45.6 m factorytfreezer stern trawler FV Independent I during 
three voyages between 29 July and 12 September 2003 using a commercial Sirmad ES-60 echosounder 
with a hull-mounted 38-kHz split-beam kmsducer. This echosounder is essentially identical to the E W  
scientific echosounder commonly used by fisheries research institutes worldwide and provides data of 
scientific quality (but see Appendix 4). The acoustic system was calibrated before the voyage, in Cook 
Strait on 26 July 2003, using standard scientific methods (Foote et al. 1987). Calibration coefficients were 
similar (within 0.3 dB) to those obtained in the previous calibration on 6 August 2002. Details of the 
acoustic system and its calibration are provided in Table 2. Two noise trials were canied out during the 
survey and the results, together with results ffom noise trials in 2002, are described in Appendix 1. 

Survey work was conducted between routine fishing operations using the approach trialled successfully 
on the ECSI in 2002 (O'DriscoU 2003). While processing between trawls, FV Independent I was able to 
carry out acoustic transects without compromising fishing success. Processing time was typically 4-8 h 



for catches of 10-20 t This allowed 3-9 tramects to be completed and time for the vessel to return to the 
area of the next trawl. Transects were nm at 8-10 knots. 

It was not usually possible to complete an acoustic snapshot within a single processing 'window', so 
adjacent tmmects within a stratum were sometimes separated by several hours (the time required to 
complete a trawl and return to the next transect). To determine whether this strategy might bias 
abundance estimates, we conducted an experiment to investigate small-scale (hourly) ternpod variation 
in hoki distribution in Hokith Canyon. During this experiment, a single 5 n. mile transect (see Figure 1) 
was run 28 times over a period of 30 h. 

Acoustic data from the WCSI were also collected oppommistically from the Sealord FV Thomas 
Harrison on 9-10 August 2003. Richard O'Driscoll transferred to FV Thomas Harrison for 24 h and 
recorded acoustic data on the vessel's (uncalibrated) ES-60 during an exploratory search of the area south 
of Hokitika Canyon (see Figure 1). 

2.3 Trawling 

Commercial trawls were used for mark identification and collection of biological data. The positions 
of tows were determined by the fishing officers (captain and first mate) and were usually targeted on 
the relatively dense marks thought to contain hoki. 

Trawl catch weights and species composition were estimated fkom the vessel processing returns. A 
random sample of 100-200 hold from every tow was measured, and the sex and macroscopic gonad 
stage (see Appendix 3) determined. Estimated hoki length frequencies were constructed by scaling 
length frequencies from individual tows by the hoki catch in the tow. 

2.4 Other data collection 

A Seabird SM-37 Microcat CTD datalogger 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 during the survey (see Appendix 2). 

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 (McNeill2001). ESP2 was modified in January 2004 to correct for a systematic error in the 
ES-60 data (see Appendix 4), and this correction was applied during the analysis. 

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, based on their appearance on the echogram 
(shape, structure, depth, strength, etc.), and using information fkom commercial trawls. In general, 
marks were classified into categories developed by O'Driscoll(2002b) for hoki in Cook Strait. 

Backscatter &om marks (regions) identified as hoki was then integrated to produce an estimate of 
acoustic density (m-'1. Acoustic density was output in two ways. First, average acoustic density over 
each transect was calculated. These values were used in biomass estimation (see Section 2.6). Second, 
acoustic backscatter was integrated over 10-ping bins (vertical slices) 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 target strength) for hoki. Thn ratio was 
calculated from the scaled length frequency distribution of hoki from commercial trawls during the 
survey. Acoustic target strength (TS in dB) was derived using the TS-length relationship of Macaulay 
(2001): 

where L is total fish length in centimetres. Mean hoki weight (w in kilograms) was determined using 
the revised, generic length-weight regression of Francis (2003): 

2.6 Biomass estimation 

Biomass estimates and variances were obtained for each stratum in each snapshot using the formulae 
of Jolly & Hampton (1990), as described by Coombs & Cordue (1995). The snapshots were averaged 
to obtain the biomass index. 

The sampling precision of the biomass index was calculated in two ways, as described by Cordue & 
Ballara (2001). The fist  method was to average the variances fiom each snapshot. This method 
potentially underestimates the sampling variance as it accounts only for the observation error in each* 
biomass snapshot. The second method assumes the snapshot biomass estimates are independent and 
identically distributed random variables. The sample variance of the snapshot means divided by the 
number of snapshots is therefore an unbiased estimator of the variance of the index (the mean of the 
snapshots). 

Biomass estimates were not calculated for the zig-zag mapping surveys because of the poor statistical 
properties of this type of design, meaning the regions closest to the apices of the zig-zags are 
oversampled relative to the centres of the transects. 

3. RESULTS 

3.1 Data collection 

A total of 379 acoustic data files was recorded during three separate trips and 28 days at sea. Sea and 
weather conditions were extraordinarily good throughout the first trip (to WCSI and ECSI) and there 
were only 48 h (on 15-16 August) when conditions were too rough for acoustic data collection using the 
hull-mounted system. Conditions during the second and third trips (ECSI only) were marginal, with 2 6  
35 knot southeast winds and 2 m swell. Noise increased and signal quality deteriorated when steaming 
into a rough sea (see Appendix 1). Data quality was improved by nmning with the sea, but there may still 
have been some attenuation of the acoustic signal by wind-induced bubbles @den & LBvik 1981) which 
was not apparent eom the echograms 

Examination of echograms indicated that the echosounder transducer on FV Independent 1 was tilted up 
to 5' forward for much of the survey. This was because the vessel was bimmed slightly bow-up to 
facihtate draining of water h m  the factory area. This increased the incidence of side-lobe echoes, 
especially when depth was increasing. The trim of the vessel would also affect the tilt angle of the fish 
relative to the transducer. The hoki target strength relationship (see Section 2.5) is based on average fish 
tilt angles relative to a level transducer. Ifthe transducer is not level, then the tilt angle distribution of the 
fish changes and this may introduce a bias to the biomass estimates (e.g. Macaulay et al. 2002). In future 
surveys it may be useful to have pitch and roll sensors mounted on the vessel to allow correction for 
transducer orientation (e.g., Stanton 1982). 



A total of 83 commercial midwater trawls (15 in Pegasus Canyon and 68 in Hokitika Canyon) were 
canied out while NlWA staff were aboard FV Independent 1 (Figure 2). CI'D profiles were obtained in 
conjunction with 12 of the trawls (4 in Pegasus Canyon and 8 in Hokitika Canyon), and these were used 
to estimate the absorption coefficient during the survey (see Appendix 2). 

3.2 East coast South Island 

Four snapshots of Pegasus Canyon and one snapshot of Conway Trough were completed d ~ g  August 
and September 2003 Fable 3). 

3.2.1 Mark identification 

Visual examination of echograms indicated the presence of at least five types of acoustic marks. These 
are descriid briefly below. Marks were similar to those observed in 2002 and further examples were 
provided by O'Driscoll(2003). The sixth mark type described by O'Driscoll(2003), 'spiny dogfish', was 
not observed in 2003. 

1. Hoki schools 
Relatively dense marks with clearly defined edges, typically occurring in 20&700 m water depth, and 
often in midwater over canyon features (e.g., Figure 3). The characteristic ')lume" sin~cture, described in 
2002 (O'Driscoll2003), was also observed at night in the southern part of Pegasus Canyon in 2003 (e.g., 
Figure 4). Some small hoki schools were also observed in Conway Trough (e.g., Figure 5). 

2. Hoki bottom fuzz 
Bottom-referenced layers, extending up to 50 m above the seabed. Typically occurred around the edges 
of hoki schools (e.g., Figure 5). 

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 are often visible (e.g., Figure 3). 

4. Bottom non-hoki 
Diffuse, bottom-referenced layers, which were typically deeper (greater than 700 m depth) than hoki 
bottom mix layers (e.g., Figure 3). 

5. Pelagic layers 
Strong dce-referenced mesopelagic layers usually occurring h m  0 to 350 m (e.g., Figure 3), and 
exhibiting strong diurnal vertical migration pattems. No single targets visible. 

There were 15 commercial trawls canied out in Pegasus Canyon while NIWA staff were aboard FV 
Independent 1 (see Figure 2). Ten of the trawls were targeted on dense hoki schools in the south end 
('boot') of Pegasus Canyon (e.g., Figure 4). One of these trawls missed the main hoki school mark and 
sampled hoki bottom fuzz. The other five trawls were on the smaller schools and hoki pelagic fuzz over 
midwater in the outer (northem) canyon (e.g., Figure 3). A suannary of catches is given in Table 4. 
Catches were predominantly hoki, with low levels of bycatch of ling, spiny dogfish, bake, and rattails. 
Trawls on pelagic hoki fim marks in the outer canyon were generally longer tows with lower catch rates 
and higher bycatch than tows on hold schools in the southern canyon (Table 4). The tow that sampled the 
hoki bottom fuzz mark had the highest level of bycatch (25%), most of which was ling. 

Acoustic backscatter h m  regions corresponding to hoki schools, hoki bottom fuzz, and hoki pelagic fuzz 
were integrated to obtain acoustic density estimates and all backscaner fiom these marks was assumed to 
be fiom hoki. This is consistent with m&k identification in the previous ECSI survey in 2002 (O'Driscoll 
2003) and in Cook Strait (e.g., O'Driscoll & McMillan 2004). Even though fuzz marks contained a 

8 



proportion of other species, no species decomposition of acoustic backscatter was attempted because of 
the lack of targeted mark identification trawls on the h z  marks and the uncertainty associated with the 
relative catchabilities of different species in the commercial trawl. 

3.2.2 Distribution of hoki backscatter 

Figures 6 and 7 show the spatial distribution of hoki along each transect during the one snapshot of 
Conway Trough and the four snapshots of Pegasus Canyon. Densities of hoki were relatively low in 
Conway Trough (Figure 6), but there were some areas of higher densityassociated with small hoki 
schools at the southeastern end (see Figure 5). In the first snapshot of Pegasus Canyon in late July, most 
hoki marks occurred as a series of midwater blobs at depths of 40M00 m in the central part of the 
canyon (Figure 7). Hoki marks were stronger and extended further south into the canyon in the second 
and third snapshots in August, particularly on the eastern side (Figure 7). Average densities declined 
again in Snapshot 4 in early September. In Snapshots 2 and 4, high densities of hoki were observed in a 
small side branch on the eastern side of the main canyon. 

3.2.3 Hoki size and maturity 

NIWA staff measured, sexed, and staged 2436 hoki from Pegasus Canyon. The scaled length kquencies 
of male and female hoki are given in Figure 8. The length kequency of hoki h m  Pegasus Canyon was 
very similar to those of hoki sampled in Cook Strait in July-August 2003. Most fish were between 70and 
100 cm, but there were also large numbers of male hold between 55 and 65 cm (Figure 8). These small 
fish are probably 3 year-olds h n  the 2000 year-class. Similar numbers of male and female hold were 
measured. 

Almost all hoki were in spawning condition (Table 5). Over all snapshots, 32% of female hoki were ripe 
or running ripe (stages 4 and 5), 60% maturing or partially spent (stages 3 and 6), and 8% spent (stage 7). 
Only one female out of 496 measured was spent during the first snapshot on 30-3 1 July. By the time of 
the third snapshot on 22-23 August, 5% of females were spent increasing to 23% spent on the fourth 
snapshot (1 1-12 September). There was also a progression in the spawning condition of males, with the 
highest proportion of nmning ripe males observed during the third snapshot on 22-23 August (Table 5). 
There is little doubt that spawning in Pegasus Canyon is occurring at the same time as in Cook Strait, but 
there are still too few data to infer anything about the timing of peak spawning in this area 

In Snapshot 3 there appeared to be a spatial separation of male and female hold, with smaller males 
forming bottom-referenced marks right at the head of the canyon, and females occurring in the midwater 
schools further out. 

3.2.4 Hoki biomass estimates 

Mean weight and mean backscattering cross-section (obtained by transforming the scaled length 
frequency distributions in Figure 8 and then calculating the means of the transformed distributions) 
were 1.41 kg and 0.0000990 m2 (equivalent to 40 .0  dB) respectively, giving a ratio to convert hoki 
backscatter to biomass, r, of 14 277 kg m-2. 

Hoki biomass estimates by snapshot for Pegasus Canyon are given in Table 6 and plotted in Figure 9. 
Biomass was 56 000 t in Snapshot 1 at the end of July, rising to 108 000-109 000 t during the two 
snapshots from 18 to 23 August, and then declining to 45 000 t in' Snapshot 4 kom 11 to 12 September. 
Although abundance in the two snapshots in August was double the estimates from snapshots in July and 
September, we decided to average the estimates from all four snapshots to obtain the overall abundance 
index. The timing of spawning on the ECSI is still uncertain, so we could not conclude that the first and 
last snapshots were outside the main spawning season. The first snapshot at the end of July was within the 



Cook Strait survey period aid the last snapshot in early September had the same timing as the final 
snapshot in the previous survey in 2002 (Figure 8). When a11 four snapshots were averaged, the 
abundance index for 2003 was 79 000 t (Table 6). 

The biomass index from Pegasus Canyon in 2003 was 21% lower than the estimate h m  the previous 
survey in 2002 (100 000 t). Note that the estimates for the 2002 survey h m  0'Driscoll(2003) were 
updated using the revised sound absorption and also the correction for the systematic ~ITOI in the ES-60 
data so that these could be compared with results from the 2003 survey (see Appendix 2). It is difficult to 
interpret the difference between 2002 and 2003 as a decline in abundance because of the different timing 
of the two surveys (Figure 8). Snapshots on 11 September in both years gave very similar estimates of 
abundance. 

The mean biomass from Pegasus Canyon was 43% of the prehmmary acoustic biomass index h m  Cook 
Strait in 2003 (183 000 t, O'Driscoll & McMillan 2004), confirming the importance of Pegasus Canyon 
as a satellite spawning area for hoki resident on the Chatham Rise (%astern stock"). 

On average, 58% of the hoki biomass in Pegasus Canyon came from hoki schools (Table 6). The 
proportion of hoki in schools was lower than in 2002, when 78% of the biomass came h m  schools 
(O'Driscoll 2003). In the first three snapshots 6472% of the biomass was firom schools, but this 
decreased to 26% in Snapshot 4. 

Samphg precision (c.v.) of individwl snapshots in Pegasus Canyon ranged between 12 and 33% (Table 
6). The sampling C.V. for the survey varied depending on which of the two methods was used to caIcuIate 
variance. The average of the snapshot variances was 16%. The variance of the biomass estimates h m  the 
four snapshots in Pegasus Canyon was 21%. Both estimates were well below the target sampling C.V. of 
30%. The sampling precision will greatly underestimate the overall survey variability, which also 
includes uncertainty in survey timing, TS, calibration, and mark identification (Rose et al. 2000). A 
Monte Carlo simulation method to combine uncertainties and estimate an overall weighting (c.v.) for 
hoki acoustic surveys was developed by O'Driscoll (2002,2004), but could not be applied to data h m  
this survey because there is no independent information on the timing of spawning on the ECSI. 

The estimate of biomass for Conway Trough in the single snapshot on 18 August 2003 was 46 000 t with 
a sampling C.V. of 14% (Table 6). The area of Conway Trough surveyed in 2003 was greater than in 2002 
(see Figure I), so to compare results between surveys a biomass estimate was also calculated for the 2002 
survey area based on the five transects that passed through the old stratum area in 2003 (see Figure 6). 
This estimate was 30 000 t (Table 6), which was 30% higher than the comparable estimate of 23 000 t 
from 2002 (see Appendix 2). The values for Gmway Trough almost certainly overestimate hoki 
abundance because 85% of the hoki biomass was from hoki fuzz marks which probably also contain 
other species. It was not possible to determine the magnitude of this bias due to species mix because no 
trawls were camed out in Conway Trough during this survey. 

3.3 West Coast South Island 

Good weather meant the survey target of three acoustic snapshots of Hokitika Canyon was greatly 
exceeded. Eight snapshots of the inner canyon (Stratum 5A) and three complete snapshots of the outer 
canyon (Stratum 5B) were camed out between 1 and 14 August (Table 7). Four mark mapping 
exercises, each consisting of 12-22 zig-zag transects were carried out between snapshots (Table 8). 

During the diurnal experiment to investigate variability in transect density estimates, a single 5 n. mile 
transect (see Figure 1) was run 28 times over a period of 30 h. About 5 h of acoustic data was also 
collected from FV Thomas Harrison while searching south of Hokitika Canyon. 



3.3.1 Mark identification 

Mark types on the WCSI were generally similar to those described for the ECSI in Section 3.2.1 and were 
divided into the same five categories. Additional notes on each of the mark types on the WCSI are given 
below. 

1. Hoki schools 
Relatively dense marks with clearly defined edges. In Hokitika Canyon dense hoki marks often consisted 
of a ribbon or 'snake' rather than discrete schools (e.g., Figure 10). This 'snake' occurred close to the 
bottom and in midwater. 

2. Hoki bottom fizz 
As on the ECSJ, these bottom-referenced layers typically occurred around the edges of hola schools. 

3. Hoki pelagic fuzz 
Relatively low density (diffuse), surface-referenced layers, which typically occurred between 400 and 
600 m (e.g., Figure 11). Single targets were often visible 

4. Bottom non-hoki 
Skong bottom-referenced marks sometimes occurred on the banks bordering the canyon in water depths 
less than 200 m (e.g., Figure 12). Other vessels reported catching blue warehou, banacouta, and red cod 
fiom these marks. Other weaker, bottom-referenced layers occurred in deep water (greater than 600 m) 
and probably contained hake. a 

5. Pelagic layers 
Stmng surfacereferenced mesopelagic layers and schools often occwed above hoki marks at 100-350 m 
(e.g., Figure 10). These pelagic marks exhibited strong diurnal vertical migrabon patterns and were much 
stronger and more prevalent on the WCSI than on the ECSI. Separating pelagic layers fiom the hoki 
'snake' was the greatest challenge for mark identification in Hokitika Canyon. 

All 68 midwater trawls carried out from FV Independent I in Hokitika Canyon during the survey period 
were in Stratum 5.4, inside the 25 n. mile line (see Figure 2) and targeted dense hoki school marks. Most 
tows were on the southern side of the canyon, particularly in the south gut. The S h a d  lTI trawl 
management system allowed accurate catch estimation, and catches were usually close to the targeted 
level of 15 t (Table 9). Most tows were of 15-30 minutes dmtion. Catches were predominantly hold 
(Table 9). Ling were the main bycatch species, but made up only 1.2% of the total catch. Small numbers 
of spiny dogfish, hake, gemfish, frostfish, barracouta, and blue warehou were also caught. 

No trawls were carried out on other mark types, but information useful for mark identification was 
provided by other vessels fishing in the area. For example, the composition of strong bottom non-hold 
marks in shallow water south of the canyon was confirmed by small trawlers, which were catching blue 
warehou, banacouta, and red cod in this area. Large vessels in outer Hokitika Canyon (Stratum 5B) were 
fishing on hoki pelagic fuzz marks and reported low catch lates of hoki with some hake bycatch. 

As on the ECSI, all acoustic backscatter h m  regions corresponding to hoki schools, hoki bottom fuzz, 
and hoki pelagic fuzz was integrated as hold. This is consistent with the mark identification in these strata 
in previous WCSI acoustic surveys (O'Lhiscoll2002a). In 2000, species decomposition was carried out 
on fUzz marks fiom northern strata (Cordue 2002), but all backscatter fiom hoki marks in Hokitika 
Canyon (Strata 5A and 5B) was assumed to be hoki. 



3.3.2 Distribution of hoki backscatter 

Figures 13 and 14 show the spatial distribution of hoki in each snapshot of Hokitika Canyon and during 
the mark mapping exercises between snapshots. 

Dense hoki marks were present in the inner Hokitika Canyon over the duration of the survey (Figure 13). 
These marks exhibited interesting diurnal behaviour, being concentrated close to the bottom on the 
southern side of the inner canyon during the day (e.g. mark experiment 1 in Figure 14), and moving into 
midwater and spreading across to the north at night (e.g., mark experiment 4 in Figure 14). This diurnal 
pattern, which confounds the apparent spatial distribution in Figures 13-14, is discussed in more detail in 
Section 3.3.5. Dense marks were also consistently observed in a small gut close to the southern comer of 
the boundary between Strata 5A and 5B (Figure 13). The area occupied by the main hoki aggregation 
dmkg mark mapping exercises was between 26 and 87 l d  (see Table 8). 

Few hoki schools were seen in Stratum 5B outside the 25 n. mile l ie ,  and the large vessels in this area 
reported generally poor fishing. Usually the only hoki mark in Stratum 5B was a diffuse pelagic fuzz 
layer from 350-550 rn, with a few small hold school 'blobs', usually in the south. 

3.3.3 Hoki size and maturity 

Length, sex, and gonad stage were determined for 6760 hoki. The scaled length fkquencies by s& are 
given in Figure 8. Hoki were larger than those on the ECSI and in Cook Sbait, with a average size of 
91.1 cm for females and 85.7 cm for males (Figure 8). Few of the fish caught were less than 75 cm, and 
there was little evidence of the 2000 year-class inside the Hokitika Canyon. The sex ratio was highly 
biased, with two females caught for every male. 

Hoki were in spawning condition (Table lo), with 91% of females having gonad stages 3 4  (maturing, 
ripe, running ripe, and partially spent) and 95% of males having gonad stages 4-6 (ripe, nmning ripe, and 
partially spent). There was little progression in gonad stages during the 17 days of the acoustic survey, but 
the proportion of spent females did increase, h m  6 5 %  spent in Snapshots 1 and 2 (1-4 August) to 11- 
16% spent in Snapshots 7 and 8 (12-16 August). 

3.3.4 Hoki biomass estimates 

Mean weight and mean backscattering cross-section (see Section 3.2.4) were 2.14 kg and 
0.0001304 mZ (equivalent to -38.8 dB) respectively, giving a ratio to convert hoki backscatter to 
biomass, r, of 16 387 kg m-'. 

Hoki biomass estimates by snapshot for Hokitika Canyon are given in Table 11 and plotted in Figure 15. 
Hoki biomass in the inner canyon (Stratum 5A) was 96 000-120 000 t for the first five snapshots, 
decljning to 52 0 0 M 8  000 t in Snapshots 6-8. All eight snapshots were within the main spawning 
season, so were averaged to obtain the abundance index for Shtum 5A of 89 000 t (Table 11). Almost all 
(93%) of the hoki biomass in this stratum came h m  hoki schools (Table 11). Sampling precision (c.v.) 
of individual snapshots of Stratum 5A ranged between 13 and 65% (Table 11). The average of the 
snapshot variances was 17% and the variance of the biomass estimates from the eight snapshots was 
10%. A prelirmnary estimate of the overall weighting for this stratum was also calculated using the Monte 
Carlo simulation method of O'Driscoll(20023,2004), which incorporates uncertainty in survey timing, 
TS, calibration, and mark identification. Using the parameters for the WCSI given by O'Driscoll 
(2002a), the overall C.V. for Stratum 5A in 2003 was 30%. 

Hoki biomass in outer Hokitika Canyon (Stratum 5B) was estimated as 10 000-27 000 t in three 
snapshots with snapshot c.v.s of 266% (Table 11). In the first snapshot none of the hoki biomass in this 
stratum was h m  hoki schools, but in the other two snapshots, about half the estimated biomass was in 



schools. The mean estimate for Stratum 5B was 18 000 t with a mean sampling C.V. of 20% (average 
snapshot variance) or 27% (variance of the biomass h m  he three snapshots). 

To compare biomass estimates for Hokitika Canyon with those fium previous WCSI acoustic surveys, we 
re-integrated the 2003 data with an absorption coefficient of 8.0 dB km-'. It would be better to update the 
previous estimates with the revised absorption coefficient (see Appendix 2), but there wasn't sufficient 
time or funding to do this for the current project. "Old" estimates (i.e., those with the old absorption 
coefficient) are also given in Table 11, and were about 87% of the cwent estimates. 

The "old" biomass index fiom Stratum 5A in 2003 of 77 000 t was similar to the estimate of 69 000 t for 
this stmtum h m  the previous acoustic survey in 2000 (Figure 16). However, the "old" estimate for 
Stratum 5B in 2003 (15 000 t) was only 30% of the estimate in 2000 (51 000 t) and the equal lowest (with 
1992) estimate in the time series (Figure 16). 

3.3.5 Experimental results 

Distriiution plots (see Figures 13-14) revealed that there was considerable small-scale spatial variability 
in hoki densities within Hokitika Canyon. The spatial distribution of fish varied between snapshots, and 
our observations suggested that there were also day-night differences. To investigate diurnal patterns in 
hold distribution and behaviour, we conducted an experiment in which a single transect was nm 
repeatedly for 30 h The location of this repeated transect (see Figure 1) was chosen because it crossed the 
canyon in an area where hoki densities were typically high and where we had observed hoki distribution 
changing over a short time-scale. The ends of the transect were defined by the 300 m depth contours and 
the maximum depth along the transect was about 440 m (Figure 17). Transect length was about 
5 n. miles. 

Visual examination of echograms ffom the 28 repetitions of the experimental transect showed strong and 
consistent diurnal behaviour. Hoki occurred close to the bottom on the southern side of the transect 
during the day, and were higher off the bonom on the north side at night (e.g., Figux 17). At dawn and 
dusk there was a transition period, where hoki were more dispersed and o c c d  along the whole 
transect. 

These changes in hoki distribution are presented quantitatively in Figure 18, which shows mean hold 
height (distance above bottom) and mean hold latitude over time. During the day, hoki were an average of 
30 m above the bottom and close to the southern end of the transect at 42.61' S (transect ran ffom 42.56 
to 42.62' S). At night, hoki were about 70 m off the bottom and further to the north, at about 42.59' S. 

There was a marked change in estimated hoki density associated with these diurnal changes in vertical 
and latitudinal distribution (Figure 18). Mean hoki density along the experimental tramect during the day 
(deked as 07:30 to 18:OO NZST; number of transects, n, = 12; mean area backscattering coefficienf S, 
= 0.000036) was almost three times lower than mean density at night (n = 16; S, = 0.000099). We were 
concerned that the difference in density estimates may be because hoki were somehow less detectable 
acoustically during the day (e.g., very close to the bottom in the acoustic deadzone). Results fimn survey 
transects did not indicate that this was the case (Figure 19). There was no systematic day-night difference 
in transect density estimates during the eight biomass snaphots. Of the 8 highest transect densities, 4 were 
observed during the day, and 4 at night (Figwe 19). Rather, diurnal dfferences in mean hoki density 
along the experimental transect were likely due to movement of fish into and out of the canyon 
(longitudinal east-west movement), occurring at the same time as the changes in vertical and latitudinal 
(north-south) distribution. It was not possible to detect this longitudinal movement using a single transect 
design. Further experimental work might include two or more repeated transects to determine whether 
hoki are moving into M out of the inner canyon at night. 

The experimental results have implications for survey design. It appears that the distribution of hoki in the 
inner Hokitika Canyon was relatively stable during the day and again at night, with rapid changes over a 



short period (about 2 h) at dawn and dusk (see Figure 18). These differences were not related to tidal 
flow. Ideally all transects within a snapshot should be conducted during either day or night to avoid the 
transition periods. Surveying at dawn and dusk should be avoided. This strategy was not feasible with the 
current design, where transects were nm in p e s s i n g  'windows' between commercial tows. It took 
about 7 h to complete a single snapshot (8 hansects) in Stratum 5A. There was seldom enough time to nm 
all transects in a single processing window, so snapshots often took 9-24 h, depending on how many 
commercial trawls were canied out. Because the timing, as well as location, of transects was essentially 
random, the d i d  patterns we observed are unlikely to have biased the biomass estimates. There would 
have been some risk of 'double counting', but a similar risk of 'double missing'. Temporal variability in 
spatial distribution, would have contributed to the relatively high sampling uncertainty (snapshot c.v.s) 
associated with snapshot biomass estimates (see Table 11). This uncertainty is reduced by carrying out a 
large number of snapshots. 

3.3.6 FV Thomas Hamson data 

FV Independent I remained in Hokitika Canyon for the entire survey period, but the Sealord h s h  fish 
vessel Thomar Harrison canied out an exploratory trip to the south on 9-10 August 2003. Richard 
O'Driscoll transferred to FV Thomas Harrison for this hip and recorded acoustic data on the vessel's 
(uncalibrated) ES-60. 

A small aggregation of hoki was located about 30 n. miles south of Hokitika Canyon (see Figure 1). This 
mark consisted of a hoki 'snake' mark at depths of about 280400 m (Figure 20). Two commercial trawls 
on this aggregation caught a total of 69 t of hob with less than 0.5% bycatch. Biological data were 
collected from 250 hoki. Most (89%) were females and the length diWbution was similar to hoki in 
Hokitika Canyon (see Figure 8). The gonad stages of hoki sampled on FV Thomas Harrison were less 
advanced than those of fish sampled around the same date from Hokitika Canyon. For example, about 
65% of female hoki sampled south of Hokitika Canyon were maturing (stage 3), compared to only 19% 
maturing females in Hokitika Canyon on 10 August (see Table 10). Most of the female hold in Hokitika 
Canyon were either ripe (stage 4) or partially spent (stage 6) by 10 August. 

A cursory search of the adjacent area suggested that the marks were not extensive, but it is not possible to 
draw any conclusions fiom this work about the amount of hoki spawning south of Hokitika Canyon. 

4. DISCUSSION AND CONCLUSIONS 

These acoustic surveys were conducted successfully from an industry vessel during routine commercial 
fishing operations. The weather was generally good, data quality was high, and there was sufficient 
processing time between fishing operations to allow all survey objectives to be met. The research 
requirements did not seriously compromise fishing success, with FV Independent 1 recording a 'record 
trip' during the survey on the WCSI, filling the holds to capacity in 17 dap. 

The collabmtive approach descnid in this report works well for small-scale acoustic surveys adjacent 
to areas of high catch rates. The major hitation is that the boundaries of the survey area are determined 
by the time available during the processing window. The length of the processing window depends on the 
size of the preceding catch (which in turn is related to marketdriven quality requirements) and also the 
time required to locate a suitable mark for the next commercial trawl. In the 2003 survey, the processing 
window was typically 3-8 h. This was sufficient to cover an area the size of Pegasus Canyon (333 lun2) 
or inner Hokitika Canyon (254 kmZ), where high densities of fish were present at some point within the 
stratum boundaries. It was more di£ficult to survey areas such as Conway Trough and outer Hokitika 
Canyon (Stratum 5B) because hoki densities were usually too low to allow the vessel to remain in these 
areas and fish commercially. Conway Trough was surveyed only once, in transit when the vessel was 
returning full ffom the WCSI. Stratum 5B was surveyed on three occasions, which required careful 
planning to maximise the processing window (large bag as close as possible to the survey area). 



Acoustic research h m  commercial vessels will also be limited by the use of a hull-mounted transducer 
to periods of relatively good weather. We were fortunate with the weather during the 2003 survey, and 
there was only 48 h when conditions were too rough for acoustic data collection. Noise trials (see 
Appendix 1) indicated data quality was much worse when the vessel was pitching, so transect direction 
was sometimes manipulated to avoid running into the swell. 

The biomass index from Pegasus Canyon in 2003 was 43% of the preliminary acoustic biomass index 
fiom Cook Strait (but see caveat below). The similarity between the length kequencies of fish caught in 
the two areas (see Figure 8) suggests that these were fish fiom the same 'stock'. The overlapping timing 
of the two surveys means it is unlikely that the fish on the ECSI were the same fish observed spawning in 
Cook Strait. Fish in spawning condition wke observed simultaneously at both sites. This survey supports 
the results fiom 2002 (O'Driscoll 2003), confirming that Pegasus Canyon is a significant satellite 
spawning area for the eastern hoki stock. Hoki marks were also observed in Conway Trough. However, 
the hoki biomass estimate of 46 000 t for this area is uncertain and probably too high, because a large 
proportion of the biomass came h m  fuzz marks, which likely contained other species 

Dense hoki marks were present in the inner Hokitika Canyon throughout the survey, with an estimated 
mean biomass of 89 000 t. This was similar to the estimated abundance of hoki in the inner canyon 
(Stratum 5A) fiom the previous acoustic survey of the WCSI in 2000. Few hoki schools were seen in 
Hokitika Canyon outside the 25 n. mile line, and the vessels in this area reported generally poor fishing. 
Estimated hoki biomass in the outer canyon was 18 000 f which was only 30% of the biomass observed 
in this stratum in 2000. 

It is tempting to conclude that there was almost as much hoki in Pegasus Canyon (79 000 t) as in the 
inner Hokitika Canyon (89 000 t) in 2003. However, caution must be exercised when comparing 
biomass estimates between areas (including between Pegasus Canyon and Cook Strait above). 
Biomass values represent the mean plateau height (Coombs & Cordue 1995), so ate comparable 
indices of abundance only if the timing and duration of spawning (including residence time and 
turnover) in both areas are the same. In hoki stock assessment, we assume that timing and duration of 
spawning in a single area are consistent over time, so multiple surveys provide a relative index of 
population abundance for that area. Further surveys of Pegasus Canyon should be used to construct an 
independent abundance time-series for this area to be included in the assessment model. 

Results fiom the Hokitika Canyon probably do not provide a reliable estimate of hoki abundance for the 
entire WCSI spawning fishery. Biomass estimates for inner Hokitika Canyon (Stratum 5A) are much 
flatter than the overall WCSI index (see Figure 16). This is consistent with the hypothesis that inner 
Hokitika Canyon is a 'prefmd habitat'. The density of fish in a preferred habitat may remain 
relatively constant, even if there is wide variation in abundance (MacCall 1990). In years when 
abundance is high, fish 'spill-over' into other areas. When abundance is low a much higher proportion 
of the population occur in the preferred area. The perception of many fishers was that overall 
abundance on the WCSI spawning grounds was low in 2003, yet our acoustic estimate for Stratum 5A 
was similar to 2000, and vessels fishmg in this stratum maintained very high catch rates. 

It is also unlikely that a survey of the entire WCSI spawning area could be undertaken fiom one or more 
commercial vessels without seriously compromising fishing success. The total WCSI acoustic survey 
area is about 10 000 lad (O'Driscoll 2002a), more than 10 times the area we surveyed in Hokitika 
Canyon in 2003 (about 800 km2). More than half of the overall survey area is north of Hokitika Canyon, 
where catch rates in 2003 were reported as being low and unpredictable. Most commercial vessels north 
of Hokitika Canyon appeared to spend their processing time searching or fishing (long trawls), so t h e  
would be little opportunity for acoustic survey work Much of the area south of Hokitika Canyon is inside 
25 n. miles and therefore closed to vessels larger than 43 m. Smaller vessels seldom go past Hokitika 
Canyon, which is closer to port and provides more reliable catch rates. 

Further acoustic surveys of Hokitika Canyon may provide a minimum biomass estimate, similar to that 
proposed for the orange roughy spawning plume on the Chatbarn Rise. These collaborative surveys also 



provide a good opportunity for expehmental work to refine survey design. For example, the diurnal 
differences in transect density estimates revealed by the experiment in 2003 have important implications 
for future surveys. 
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Table 1: Stratum boundaries, areas and transeet allocation in hold acoustic surveys from FVZndependentI in 
winter 2003. Stratum locations are shown in Figure 1. 

Area Stratum Name Boundary Area (]an2) Number of 
musects 

ECSI PC Pegasus Canyon 200-2-200 m 333 10 
CT Conway Trough 200-2-200 m 175 7 

WCSI 5A Inner Hokitika Canyon 3W300 m 254 8 
5B Outer Hokitika Canyon positiowposition 529 3 

Table 2: Set-up and calibration data of the acoustic system used in bold acoustic surveys from FV 
Independent I in winter 2003. 

Echosounder 
Transducer 
Opera- frequency 
Bandwidth 
Transmit power 
Pulse length 
Ping interval 
Sample interval 
2-way beam angle 
Gain 
Sa correction 
Absorption (a)* 

ECSI 
WCSI 

Sound velocity 
3 dB beam width 

Alongship 
Athwartship 

Angle sensitivity 
Alongship 
Athwartship 

Angle offset 
Alongship 
Athwartship 

Time-varied gain 

* see Appendix 2 



Table 3: Summary of snapshots carried out on the east coast South Island. No. of trawls is the number of 
commercial tows carried out during each snapshot 

Area Snapshot Start time End time No. of transects No. of mwls 
Pegasus Canyon 1 30 JulO8:21 31 Jul04:51 10 5 

2 18 Aug 15:ll 18 Aug23:07 10 0 
3 22 Aug W40 23 Aug 00:16 10 6 
4 11 Sep 10:OO 12 Sep 01:40 10 4 

Conway Trough 1 18 Aug 08:17 18 Aug 12:40 7 0 

Table 4: Catch summary for commercial trawls carried out in Pegasus Canyon during the acoustic survey 
in 2003 Estimated catch weights are from the vessel processing records. Trawl positions are shown in - . 
Figure 2. 

Tow length (a mile) Hoki catch (t) %hold in catch 
Mark type n mean min max mean min max mean min max 
Hold schools 9 1.9 0.2 6.8 17.6 5.9 25.1 99 98 100 
Hold bottom fuzz 1 1.7 - - 2.9 - - 75 - - 
Hoki pelagic fuzz 5 6.9 3.1 14.0 11.6 5.9 19.9 94 88 98 

Total 15 3.5 0.2 14.0 14.6 2.9 25.1 96 75 100 

Table 5: Gonad stages of hoki caught in commercial trawls in Pegasus Canyon during the acoustic survey 
in 2003. Data are arranged by snapshot. Gonad stages are defined in Appendix 3. 

Sex 
Male 

Female 

Stage 
1 
2 
3 
4 
5 
6 
7 

1 
2 
3 
4 
5 
6 
7 

Snapshot 
1 3 4 

30Jul 22Aug 11 Sep 
3 0 0 
0 0 0 

93 8 4 
242 84 49 
99 249 92 

8 48 78 
0 0 8 



Table 6: Hold acoustic biomass estimates from the 2003 ECSI survey by snapshot and stratum Percentage of 
the biomass from hold school marks is also given. Biomass estimate in parentheses for Conway Trough is 
based on 2002 survey area only. 

Biomass Snapshot %biomass 
Stratum Snapshot ('000 t) C.V. in schools 
Pegasus Canyon 1 56 18 72 

2 108 3 1 7 1 
3 109 33 64 
4 45 12 26 

mean 79 16 58 

Conway Trough 1 
(2002 area) 

Table 7: Summary of snapshots carried out in Hokitika Canyon on the WCSI during the acoustic survey in 
2003. No. of trawls is the number of commercial tows camed out during each snapshot 

Snapshot Start time 

1 1 Aug 23:W 
2 4 Aug W58 
3 5 Aug 13:19 
4 6 Aug 13:32 
5 8 Aug 09.13 
6 10 Aug 0757 
7 12 Aug 03:W 
8 14 Aug 0936 

End time 

3 Aug 2l:32 
4 Aug 23:59 
6 Aug 12:57 
7 Aug 07:27 
9 Aug OR22 

12 Aug 0221 
12Aug 18:17 
14 Aug 21:46 

No. of transects 
ShatUmSA StratrrmSB 

No. of hawk* 

7 
4 
4 
9 
4 

10 
4 
3 

* 8 further trawls were camed out following the completion of Snapshot 8 h m  14 Aug 0245 to 16 Aug 21:Ol 
when the weather was too rough for acoustic dab collection 

Table 8: Summary of mark mapping exercises and day-night experiment w r i e d  out in Holdtika Canyon 
during the survey in 2003. 

Number Start h e  End time Area (Iml) No. of transecb No. of trawls 
Mark 1 3Aug03:lO 3Aug11:44 51 18 4 
Mark 2 5 AugO0:13 5 Aug 10:44 87 22 2 
Mark 3 9 Aug 01:42 9 Aug 1458 72 20 3 
Mark 4 12 Aug 20:59 13 Aug 02:49 26 8 1 

Day-night 13 Aug 03:31 14 Aug 0922 - 28 5 



Table 9: Catch summary for commercial trawls carried out in Hokitika Canyon during the acoustic 
survey in 2003 Estimated catch weights are from the vessel processing records. Trawl positions are shown 
in Figure 2. 

Tow length (n. mile) Hoki catch (t) % hoki in catch 
Mark type n mean min max mean min max mean min max 
Hoki schools 68 2.2 0.7 6.8 14.2 2.5 . 24.8 97 83 100. 

Table 10: Gonad stages of hoki caught in commercial trawls in Hokitika Canyon during the 2003 acoustic 
survey. Data are arranged by snapshot. Gonad stages are defined in Appendix 3. 

Snapshot 
1 " 3 4 5 6 7 8 

Sex Stage 1 Aug 
Male 1 0 

2 0 
3 3 
4 41 
5 48 
6 34 
7 0 

Female 1 0 
2 0 
3 85 
4 22 1 
5 15 
6 132 
7 22 

L 

4 Aug 
0 
0 
9 

67 
154 
110 
10 

0 
1 

102 
233 

26 
119 
2 1 

5 Aug 
0 
0 
5 

38 
62 
57 

8 

0 
1 

126 
233 
23 

201 
47 

6 Aug 
0 
0 

10 
95 

175 
149 
22 

0 
0 

107 
240 
27 

215 
63 

8 Aug lOAug 12Aug 14Aug 
0 0 1 1 

Table 11: Hoki acoustic biomass estimates from the 2003 survey of Hokitika Canyon by snapshot and 
stratum. Percentage of the biomass from hoki school marks is also given. "Old" biomass estimates were 
calculated using an absorption coefficient of 8.0 dB kd' so these could be compared to estimates from 
previous WCSI hoki acoustic surveys. 

Stratum Snapshot 
5A 1 

2 
3 
4 
5 
6 
7 
8 

Biomass 
('000 t) 

96 
113 
109 
120 
97 
68 
52 
58 

Snapshot 
C.V. 

65 
56 
50 
30 
39 
36 
13 
37 

%biomass 
in schools 

87 
95 
96 
95 
96 
86 
96 
90 

Old biomass 
('000 t) 

83 
97 
92 

103 
86 
59 
45 
50 

mean 89 17 93 77 

mean 18 20 35 IS 



Figure 1: Survey areas on the ECSI (upper panel) and WCSI (lower panel). Stratum areas and descriptions 
are given in Table 1. Stippled area in Conway Trough shows the 2002 survey area. On the WCSI, the 
boundary between Strata 5A and 5B roughly corresponds to the 25 n. mile line. Fishing inside this line is 
closed to vessels over 43 m. The dotted line in Stratum 5A shows the transect run repeatedly during the 
diurnal experiment. The solid square indicates the approximate position of acoustic work carried out on 
FV Thomas Harrison. 



Figure 2: Start positions of commercial trawls (stars) and CTD profiles (circla) carried out by FV 
Independent I during the 2003 acoustic surveys. 
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Figure 3: Echogram showing a transect across outer (northern) Pegasus Canyon on 29 July 2003 at 14:OO 
NZST. A hold school is visible at about 400 m depth on the right hand side of the canyon. There is also a 
boki pelagic fuzz layer from 450 to 550 m. Non-hold marks include the pelagic layer from 180 to 300 m 
and the diffuse scattering deeper than 600 m. 

Figure 4: Echogram showing hold "plume" marks dose to the bottom in inner (southern) Pegasus 
Canyon during a trawl on 22 August 2003 at 21:15 NZST. 

24 



Figure 5: Echogram showing small hold schools at 330-400 m in Conway Trough on 18 August 2003 at 
11:45 NZST. Hoki bottom fuzz marks are visible below the schools (deeper than 400 m). 

Conway 

Figure 6: Spatial distribution of hold acoustic backscatter plotted in 10 ping (-100 m) bins for the one 
snapshot of Conway Trough. Circle area is proportional to the log of the acoustic backscatter. Thin lines 
are 500 m and 1000 m depth contours. Bold line is stratum boundary from tbe ZOO2 survey. 
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Snapshot 

Figure 7: Spatial distribution of hoki acoustic backscatter plotted in 10 ping (-100 m) bins for Snapshots 
1 and 2 in Pegasus Canyon. Circle area is proportional to the log of the acoustic backscatter. Thin lines 
are 500 m and 1000 m depth contours. Bold Line is stratum boundary (generally 200 m). 



Snapshot 4 

Figure 7 cont: Spatial distribution of hoki acoustic backscatter plotted in 10 ping (-100 m) bins for 
Snapshots 3 and 4 in Pegasus Canyon. Circle area is proportional to the log of the acoustic backscatter. 
Thin lines are 500 m and 1000 m depth contours. Bold tine is stratum boundary (generally 200 m). 
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Figure 8: Scaled length frequencies of male and female hoki caught in commercial tows in Pegasus 
Canyon (top panels) and Hokitika Canyon (middle panels) during the acoustic surveys in winter 2003. 
Data are compared to scaled length frequencies of hoki caught in research tows during the acoustic 
survey of Cook Strait in July-August 2003 (from O'DriscoU & MeMillan 2004). m (male) and f (female) 
values refer to numbers of fish measured. 
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Figure 9: Estimated hoki biomass by snapshot in Pegasus Canyon and Conway Trough over the 2003 
survey period. Results are compsred to biomass estimates from the ECSI survey in 2002 adjusted for 
revisions in estimates of sound absorption (see Appendix 2). The estimate of biomass for Conway Trough 
in 2003 is for the ZOO2 survey area only (see Table 6). 



Figure 10: Echogram showing a transect up the middle of inner Hokitika Canyon on 9 August 2003 at 
1420 NZST. A hoki 'snake' is visible dose to the bottom on the left of the echogram and rising off the 
bottom further into the canyon (right of the echogram). Pelagic marks (not hokii consisting of small 
schools and a more diffuse layer are visible above the hoki. 

Figure 11: Echogram across Hokitika Canyon on 10 August 2003 at  08:30 NZST showing pelagic h o b  
fuzz marks deeper than 400 m. The smaU school at 350400 m and the layer at 100-23 m are pelagic 
marks (not hoki). 



Figure 12: Echogram across southern bank of Hokitika Canyon on 11 August 2003 at 04:lO NZST 
showing strong bottom mark (not hoki). 



Snapshot 2 

Figure 13: Spatial distribution of hold acoustic backscatter plotted in 10 ping (-100 m) bins for Snapshots 
1 and 2 in Hokitika Canyon. Circle area is proportional to the log of the acoustic backscatter. L i e s  are 
500 m and 1000 m depth contours and stratum boundaries (generally 300 m). The smaller areas within 
the Stratum 5A boundary in Snapshots 1 and 2 are the areas covered by mark mapping exercises 1 and 2 
respectively (see Figure 14). 



Snapshot 3 \ 

Figure 13 cont: Spatial distribution of hoki acoustic backscatter plotted in 10 ping (-100 m) bins for 
Snapshots 3 and 4 in Hokitika Canyon. Circle area is proportional to the log of the acoustic backscatter. 
Lines are 500 m and 1000 m depth contours and stratum boundaries (generally 300 m). 



Snapshot 5 '. 

Figure 13 cont: Spatial diihibutiou of hoki acoustic backscatter plotted in 10 ping (-100 m) bins for 
Snapshots 5 and 6 in Hokitika Canyon. Circle area is proportional to the log of the acoustic backscatter. 
Lines are 500 m and 1000 m depth contours and stratum boundaries (generally 300 m). The smaller area 
within the Stratum 5A boundary in Snapshot 5 is the area covered by mark mapping exercise 3 (see 
Figure 14). 
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Figure 13 cont: Spatial distribution of hold acoustic backscatter plotted in 10 ping (-100 m) bins for 
Snapshots 7 and 8 in Hokitika Canyon. Circle area is proportional to the log of the acoustic backscatter. 
Lines are 500 m and 1000 m depth contours and stratum boundaries (generally 300 m). The smaller area 
within the Stratum 5A boundary in Snapshot 7 is the area covered by mark mapping exercise 4 (see 
Figure 14). 



Figure 14: Spatial distribution of hob acoustic backscatter plotted in 10 ping (-100 m) bins for mark 
mapping exercises 1 and 2 in Hokitika Canyon. Circle area is proportional to the log of the acoustic 
backscatter. 



Figure 14 cont: Spatial distribution of hoki acoustic backscatter plotted in 10 ping (-100 m) bins for mark 
mapping exercises 3 and 4 in Hokitika Canyon. Circle area is proportional to the log of the acoustic 
backscatter. 
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Figure 15: Estimated hold biomass by snapshot and stratum in Hokitika Canyon over the 2003 survey 
period. Biomass calculated using best estimate of sound absorption (8.86 dB b') 

Year 

Figure 16: Estimates of hold biomass in Hokitika Canyon strata (Strata 5A and 5B) from acoustic surveys 
in 1988-2003. Biomass from 2003 calculated using sound absorption of 8.0 dB km-' ('old biomass' in 
Table 11) to be comparable to earlier surveys. Data for the whole WCSI area are also shown for 1988- 
2000. 



Night 

Figure 17: Echograms showing hold schools in Hokitika Canyon during diurnal experiment on 13-14 
August 2003. North side of line is on left. Upper panel shows daytime mark close to bottom in south gut at 
10:OO NZST. Lower panel shows night mark at a shallower depth on northern bank at 03:30 NZST. 
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Figure 18: Variation in mean density (top panel), vertical distribution (middle panel), and spatial 
distribution (lower panel) of hold during the diurnal experiment in Hokitika Canyon on 15-14 August 
2003. 
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Figure 19: Mean transect density estimates of hoki during the eight snapshots of Stratum 5A during the 
2003 survey plotted as a fnnctioo of transect location. 

Figure 20: Echogram collected on FV Thomas Harrison south of Hokitika Canyon (see Figure 1) on 10 
August 2003 at 06:OO NZST showing hoki 'snake' mark. 
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Appendix I :  Hull transducer noise trials on N Independent 1 

Introduction 

Two noise experiments were performed off the FV Independent I during the 2003 survey. The fist 
trial in 2003 was in good sea conditions in Pegasus Canyon over asloping bottom at constant speed 
and the second was in rougher conditions on the WCSI over a flat bottom at varying speed. We also 
analysed data from a noise trial carried out from FV Independent I in Pegasus Canyon in 2002. The 
2002 trial was carried out in calm conditions at various speeds. 

In all noise trials the ES-60 sounder was operated in passive mode (bandwidth 2.425 kHz) with a ping 
interval and duration of 2.0 s and 1.024 ms respectively (see Table 1). Data were recorded down to 
about 1500 m. 

File 12 (Pegasus Canyon, 2002) recorded 55 pings at 8 knots and 80 pings at 10 knots over bottom 
depths greater than 500 m. File 17 (Pegasus Canyon, 2003) recorded 210 pings over bottom depths of 
300-845 m at 10 knots. Weather conditions during both trials in Pegasus Canyon were calm with no 
significant swell. File 166 (WCSI, 2003) recorded 170 pings, 40 at 10 knots, 90 at 7 knots and finally 
another 40 at 10 knots over bottom depths of 500600 m. Weather conditions were calm, but the 
vessel was heading into a 2 m northwest swell. 

Regions were defmed using ESP2 (McNeill 2001), and area backscattering coefficients (Sd were 
calculated for a 20 m layer from 9961010 m. The region in File 17 was defined h m  ping 140 to 210 
to avoid including bottom reverberation from shallow (less than 500 m) depths at the start of the file. 
In Files 12 and 166, a separate region was defined for each portion of the file with a constant speed 
setting. The S, values from the two regions at 10 knots in File 166 were averaged. The S, values for 
each region were converted to nautical area scattering coefficients (sp3 using s, = 4n (1852)' * S, 
(MacLennan et al. 2002), and then to noise level values following the method of Harnpton & Soule 
(2003). 

The 'S, method' used by Hampton & Soule (2003) is taken from the Simrad EK500 manual and uses 
the following algorithm: 

where NL is the noise level in dB re 1 @a, Si the transducer transmitting response in dB re 1 pPa per 
A, PTX the transmitter power in Watts, Z the transducer impedance in ohms (all elements in parallel), 
2TL the two-way transmission loss at a range of 1000 m, L the layer thickness in metres, l O l o g , ~ ~  the 
equivalent two-way beam factor in dB and .r, the pulse length in ms. Note: the two-way transmission 
loss at a range of R metres is given by 2% = 2010gl& + 2aR , where a is the absorption loss 
(dB m-I). 

The transducer-specific parameters (Si and Z) for the transducer on the FV Independent I were 
unavailable and so data for other Simrad ES38B transducers was obtained and used to estimate these 
values. Absorption loss values (a) were calculated fiom CTD data from the two areas (see Appendix 
2). PTX, 10loglo~ and .r, values were recorded in the ES-60 data files. A summary of the parameters is 
given in Table A1 . 



Table Al. Parameters for the Simrad ES-60 echosounder and bull mounted transducer on FV 
Independent I. Note that Si and Z are estimated from values for other ES38B transducers. 

Value 
209 
2000 
1.024 
16 
20 
78.5 (Pegasus) 77.7 (WCSI) 

Results 

The results for the various noise trials are listed in Table A2. The recording from the WCSI was an 
order of magnitude noisier than the data collected in Pegasus Canyon. This was almost certainly due 
to the difference in sea conditions at the time of the experiments. Data from Pegasus Canyon in 2002 
and 2003 were collected in calm conditions, but the recording on the WCSI was made when the vessel 
was pitching into a 2 m swell. 

Trials when the speed was changed indicated that the vessel was quieter at 10 knots than at slower 
speeds. The reduction in the noise level with increasing vessel speed was more apparent in the 
rougher conditions during the trial on the WCSI. This was probably due to the physical location of the 
transducer and the trim of the vessel. The transducer was located well forward and the vessel tended 
to be trimmed bow up to facilitate draining of the factory deck At higher speeds the bow 'dug in', 
levelling the trim, reducing pitching, and increasing the depth of the transducer. 

Visual inspection of data collected over sloping bottom in Pegasus Canyon in 2003 showed a decrease 
in noise level at 1000 m range with increasing bottom depth, presumably due to lower bottom 
reverberation (i.e., propeller noise reflections fkom the seabed). Ideally, noise trials should be carried 
out over very deep water to avoid this potential source of interference. 

Noise levels for FV Independent I in calm conditions were about 10 dB higher than those reported by 
Hampton & Soule (2003) for the hull system on FV Sun Waitaki. Further noise trials are required 
from FV Independent I over deeper water (more than 1000 m) and under a variety of weather 
conditions and vessel speeds. Ideally, noise levels should then be subtracted from the measured 
backscatter following integration. There was no noise correction applied in this report. However, a 
preliminary analysis indicated that the bias in biomass estimates due to ambient noise was only about 
1% in calm conditions. 

Table A2. Noise level results for FVZndependenl I. 

Year File Area Conditions Speed Prop pitch S A NL 
(hob) (%) (m2 n.mile-2) (dB re 1 p a )  

2002 12 Pegasus Canyon Calm 10 72 16 55.1 
8 50 21 56.1 

2003 17 Pegasus Canyon Calm 10 72 30 57.7 
166 WCSI 2 m swell 10 72 399 69.8 

on bow 7 45 815 72.9 



Appendix 2: Calculation of sound absorption coefficients 

As sound travels tbrough water, acoustic energy is lost due to absorption and m g .  This effect must 
be taken into account when estimating fish abundance (e.g., MacLennan & Simmonds 1992). The 
absorption of sound by seawater is related to the depth, temperatme, and chemical composition (related to 
salinity) of the water. Previously, there were two sets of equations available to calculate absorption: for 
hoki surveys, the standard procedure (Cwmbs & Cordue 1985) has been to estimate absorption using the 
formula of Fisher & Simmons (1977), which was based on laboratory measurements of artificial 
seawater. This formula gives estimates of absorption of about 8.0 dB imil for hob spawning areas, which 
was the value used in the analysis of the 2000 WCSI survey (O'DriscoIl et al. 2004). 

Most recent fisheries acoustic work has used the alternative sound absorption formula of Fmcois & 
Garrison (1982% 1982b), which was based on in situ measurements. This formula gives higher estimates 
of absorption: about 9.5 dB imi' for hoki spawning areas. The Francois & Garrison (1982% 1982b) 
formula was not adopted for hoki surveys because the data on which the equations were based did not 
include measurements at 38 lcNz (Coombs & Cordue 1995, Doonan et al. 2003). 

Doonan et al. (2003) reviewed the absorption of sound in seawater focusing on the fkquencies used in 
fisheries acoustics and published a new formula based on a statistical reanalysis of existing data. This 
new formula has been adopted for surveys of New Zealand deepwater fish species and O'Driscoll & 
McMillan (2004) used the new absorption to update the time series of acoustic estimates for Cook Sinit 
hoki. 

In this report we calculated sound absorption for the WCSI and ECSI survey areas h m  (;TD data using 
the formula of Dwnan et al. (2003). We also updated abundance estimates fim the ECSI survey on FV 
Independent I using the revised ECSI absorption. 

Calculation of sound absorption 

Twelve CII> casts were carried out as part of the 2003 survey: 4 in Pegasus Canyon, and 8 in the 
Hokitika Canyon. One CTD cast in Pegasus Canyon was also carried out in 2002 (O'Driscoll2003). We 
estimated average sound absorption for each temperature, salinity, and depth profile. Estimates of sound 
absorption by area are given in Table A3. We used the average absorption estimates of 9.27 dB kni' for 
the ECSI and 8.86 dB imil for the WCSI when estimating hoki biomass. 

Table A 3  Estimates of acoustic absorption for ECSI and WCSI acoustic survey areas in 2003. Absorption 
was calculated from CTD prolles made during the surveys using the formula of Dwnan et al. (2003). 

Area 

ECSI 
WCSI 

Number of Sound absorption (dB ~ ' )  
CTD casts Mean Maximum 

Revision of 2002 ECSI acoustic abundance indices 

Acoustic data kom the ECSI acoustic survey in 2002 were re-integrated using the revised absorption of 
9.27 dB km" and incorporating the ESP2 correction for the systematic deviation in the ES-60 data (see 
Appendix 4) The effect was to increase the abundance estimates h m  individual snapshots by 2 0 4 %  
(Table A4). The survey abundance index (mean of all snapshots) increased by 28%. 



Table A4: Comparison of existing and revised acoustic abundance estimates by snapshot for the ECSI hoki 
survey in 2002. Existing estimates used an absorption coefficient of 8.0 dB km" and are from O'DriscoU 
(2003). Revised estimates used an absorption coefficient of 9.27 dB h-' calculated using the formula of 
Doonan et al. (2003) (see Table A3) and implemented the E M 0  correction (see Appendix 4). 

Biomass ('000 t) 
Stratum Snapshot Existing Revised 
Pegasus Canyon 1 

2 

mean 78 100 

Conway Trough 1 16 23 



Appendix 3: Description of gonad development used for staging hoki 

Research gonad stage Males Females 

1 Immature Testes small and translucent, Ovaries small and 
threadlike or narrow membranes. translucent No 

developing oocytes. 

2 Resting Testes are thin and flabby; OMlies are developed, 
white or transparent but no developing eggs are 

visible. 

3 Ripening Testes are 6rm and weU Ovaries contain visible 
developed, but no milt is developing eggs, but no 
present hyaline eggs present 

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

5 R&g--ripe Testis is large, well formed; 
milt flows easily under 
pressure on the body. 

6 Partially spent Testis somewhat flabby and may 
be slightly bloodshot, but milt 
still flows fieely under 
pressure on the body. 

7 Spent Testis is flabby and bloodshot 
No milt in most of testis, but 
there may be some remaining 

Some or all eggs are 
hyaline, but eggs are not 
extruded when body is 
squeeze& 

Eggs flow fieely h m  the 
ovary when it is cut or the 
body is pressed. 

Ovary partially deflated, 
o h  bloodshot Some 
hyaline and ovulated eggs 
present and flowing h m  
a cut ovary or when the 
body is sq-d 

Ovary bloodshot; ovary 
wall may appear thick 
and white. Some residual 

near the lumen. Milt not easily ovulated eggs may stil l 
expressed even when present remain but will not flow 

whenbody is squeezed 



Appendix 4: Description of systematic error in Simrad ES-60 echosounder system 

Preliminary measurements of systematic errors in the Simrad ES60 
echosounder system 

Tim Ryan, Rudy Kloser, 
CSIRO Marine Research Hobart. 

l* September 2003 

Contact: 
tirn.rvan@csiro.au; rudy.kloser@csiro.au 



Summary 

The wide usage of the Simrad ES60 echosounder within the fishing industry makes it a 
valuable source of qualitative and potentially quantitative data. Initial investigations into the 
quantitative properties of the Simrad ES60 echosounder have revealed an underlying 
systematic ping indexed variation (1dB) in the digitised echogram data. At any given depth 
the variation can be described by a triangular wave of 1dB amplitude with a period of exactly 
2721 pings, Figure 1. 

Figure 1. Diagram of the underlying triangle wave error that exists in ES60 echogam 
da ta  

znl p n q w r n m g ~ c n r r *  .I 

Our findings show that the triangle wave metrics of amplitude and period are the same 
regardless oE 

Ping rate 
Power level 
Pulse repetition rate 
Echosounder mode (i.e. active, test) 
Frequency 
GPTmodel 
Inspection of Sv or TS data 
Depth of signal 

The triangular amplitude error wave resets to the zero crossing after hardware reset. 
Conversely, the error wave amplitude continues fiom where it left off after the ES60 software 
was stopped and restarted; this suggests that the amplitude of the error is directly related to 
the ping number count. With the appropriate settings the variation in the ES60 data can be 
readily observed in the on-screen display by setting the sounder to a fast ping rate in test 
mode and a surface referenced display range to 5 meters. 

A key finding is that the error wave can be observed in the tail of the transmit pulse. 
Therefore, sufficient information is contained within the raw echogram data to allow post- 
processing corrections, either on a ping by ping basis or to an echo integration interval after it 
has been exported. This greatly improves the Simrad ES60 for quantitative use and hrther 
tests are being carried out on other aspects of the ES 60 quantitative capabilities. 

The above summary of findings is based on a CSIRO report that details the various tests and 
methods used, which is available upon request. 

The systematic ping indexed bias in the raw data shows that it could be easily removed in 
software and Simrad Kon~sberg were informed of this result in Julv 2003. We look forward 
to a firmware fix to this in the near future. 

. 


