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EXECUTIVE SUMMARY 

O'Driscoll, RL. (2002). Acoustic survey of spawning hoki in Cook Strait during winter 
2001. 

New Zealand Fisheries Assessment Report 2OO2B7.35 p. 

An acoustic survey of spawning hoki in Cook Strait was carried out from Tangaroa and 
Kaharoa from 17 July to 28 August 2001. Eleven snapshots were completed, with good 
coverage of the spawning season. Hold backscatter increased from late July to a peak from 
10-11 August, and then declined towads the end of August. A total of 37 trawls were carried 
out during the survey for mark identification, to collect biological samples, and for target 
strength (TS) experiments. 

Three alternative biomass indices were calculated. The fust approach was the same as that 
used for previous Cook Strait acoustic surveys, where a constant ratio is applied to scale 
acoustic backscatter to biomass. The two other approaches used stratum-specific weightlTS 
ratios based on hoki length frequencies and the length-weight relationship estimated during 
the 2001 survey. Two alternative TS-length relationships were applied to the 2001 length 
data. 

The acoustic biomass index for 2001, calculated using the standard approach, was 88 000 t, 
which was 13% lower than the previous estimate from the 1999 survey (101 000 t). Although 
there was variation in fish size between strata, applying stratum-specific weightlTS ratios to 
the acoustic backscatter had little effect on the overall abundance index. Applying the most 
recent TS-length relationship (TS = 18 log&) - 74) increased abundance estimates for 2001 
by a factor of about 1.7 compared to the old TS-length relationship (TS = 22.32 l o g o  - 
79.84), but did not affect the relative acoustic time series. Estimated sampling precision 
(coefficient of variation, c.v.) for the 2001 survey was 12-13%. 

Acoustic data were mapped at small (about 100 m) spatial scales to show the distribution of 
fish within and between transects in the survey area. Most of the hoki biomass in 2001 was in 
Cook Strait Canyon, but there was considerable movement of fish between snapshots. The 
effect of the standard mark identification methods on biomass estimates was also considered. 
Most spawning hoki were in readily identified schools, but 18-53% of the hoki biomass came 
from "mix" marks which also contained other species. Mix marks were most common in the 
large strata in the Narrows Basin, and the deepwater between Cook Strait and Wairarapa 
Canyons. 



1. INTRODUCTION 

Acoustic surveys have provided relative abundance indices for spawning hoki in Cook Strait in 
most years since 1988. The Cook Strait spawning grounds were surveyed again from 17 July to 
28 August 2001, and the acoustic snapshots analysed to produce a 2001 index of Cook Strait 
spawning biomass. This extends the existing time series (1988, 1991-99) from 10 to 11 points. ' 

The duration of the 2001 acoustic survey was longer than in previous years. In the 1997 stock 
assessment concerns were raised about the comparability between years of the abundance indices 
if the timing of the Cook Strait spawning season has changed. There were indications from 
catches that the peak of the season was shifting later. It was agreed that a longer survey period 
into August would be preferable to better cover the period of peak catch rates in the fishery. In 
1997 and 1998. the acoustic surveys were moved further into August. The 1999 survey (19 July - 
17 August) started earlier and finished later than the 1997 and 1998 surveys. The 2001 survey 
was extended to 28 August to ensure that there was good coverage of the spawning season and to 
allow at least four days of suitable weather to collect in situ hoki target strength (TS) data. 

The acoustic survey includes grounds which are not usually fished by the fleet. For example, it is 
believed by fishers that the hoki in the Narrows Basin are smaller than hoki caught in other parts 
of Cook Strait. The hoki fleet therefore avoids the Narrows Basin. Trawls were carried out in all 
strata for species identification and to obtain length frequency samples. Information from these 
trawls will be used to supplement length frequency data obtained from shed sampling and the 
Scientific Observer Programme. Trawl length frequency data were also used in the calculation of 
mean hoki target strength (TS) to allow for differences in TS between strata caused by hoki size 
differences. 

There are currently several contradictory length to target strength relationships for hob obtained 
from in situ measurements and swimbladder modelling (Macaulay 2001). To attempt to resolve 
these differences and improve our estimates of hoki TS, further in situ data were collected during 
the 2001 survey. 

This repon summarises the data collected dliring the 2001 acoustic survey of spawning hoki in 
Cook Strait, and presents biomass estimates (Objectives 1 and 2 of Ministry of Fisheries 
Research Project HOK2000103). Results of experimental work on hoki TS (Objective 3) will be 
reported on in a separate document. 

2. METHODS 

2.1 Survey design 

Hoki have a long spawning season in Cook Strait, typically more than two months. 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 deals with 
this problem. 

The survey design followed the methods of Jolly & Hampton (1990) as adapted by Coombs & 
Cordue (1995) to obtain a biomass index for transient fish populations. Randomly allocated 
parallel transects normal to the depth contours are used to estimate the mean fish density. The 
design uses sub-surveys or "snapshots" of random parallel transects within swta to obtain several 
estimates of the spawning biomass during the "main" spawning season. These estimates are then 
avenged to obtain an estimate of the "mean plateau height" (the average biomass during the 
main spawning season). Under various model assumptions, annual estimates of mean plateau 
height form a valid relative abundance time series (Cordue et al. 1992, Coombs & Cordue 1995). 



The stratum boundaries and areas were the same as in 1999 (Cordue & Ballara 2001). with six 
main strata (Strata 1, 2. 3, 5A, 5B, and 6, in Figure 1). A seventh stratum (Stratum-4) in 
Wairarapa Canyon was also surveyed in three snapshots, but results from this snapshot were not 
included in  the biomass estimates. The number of transects allocated in each stratum is given in 
Table 1. 

Two research vessels were used during the survey: Tangaroa from 17 to 31 July and Kaharoa 
from I to 28 August 2001. 

2.2 Acoustic data collection 

A split-beam towed CREST 38-kHz system was used for all acoustic data collection, except for 
eight survey transects in Snapshot 1 where data were collected on the single-beam, hull-mounted 
CREST 38-kHz echosounder on Tangaroa due to a cable failure on the towed system Two 
acoustic towbodies were used. Towbody 2 (transducer model ES38DD-28327) was calibrated 
before and after this survey as part of other M W A  acoustic programmes. Towbody 3 (transducer 
modd ES38DD-28331) was calibrated before its use in the survey, and in the Marlborough 
Sounds during the survey. Details of the acoustic systems and their calibration are provided in 
Appendix 1. 

Transects were run at speeds of 8-10 knots, with the acoustic towbody deployed 3C-50 m below 
the surfdce. Acoustic surveys were interrupted for mark identification trawls (see below). 
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 avoid double counting. 

2.3 Trawling 

In most acoustic snapshots during the survey there were several midwater trawls for target 
identification. Trawls were targeted on relatively dense mark where it was not certain if the 
 nark contained predominately hoki. Midwater trawls were also carried out in support of target 
strength work, and to collect hoki length frequency data from areas such as the Narrows, which 
were not being fished by the commercial fleet 

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, finfish, squid, and 
crustaceans were identified to species and other benthic fauna to species or family. A random 
sample of up to 200 individuals of each species from every tow was measured. In most tows 
the sex and macroscopic gonad stage of all hoki in the length sample was also determined. 
More detailed biological data were collected on a sub-sample of up to 20 hoki per trawl, and 
included fish weight, sex, gonad stage, gonad weight, and occasional observations on stomach 
fullness and contents and prey condition. 

Trawl catch rates (kg km") were calculated by scaling trawl catches by the estimated swept area 
(measured doonpread multiplied by tow distance). Estimated hoki length frequencies were 
constructed for each stratum by using all trawls within a stratum during the survey, and 
weighting individual trawl length frequencies by the hoki catch in the trawl. 

2.4 Target strength data collection 

~ a r g e t  strength data were collected between acoustic snapshots from Tangaroa. The objective 
was to collect data from single species hoki aggregations to miniise the problems of fitting 
target strength distributions when other species are present. Suitable hoki layers were located, 



and the species composition was verified by trawling. Hoki fmm the trawl were sampled for sex, 
gonad stage, and length. Hoki swimbladder casts were also collected for a study aimed at 
developing a more realistic swimbladder model. Single target acoustic data were then collected 
using the split-beam towed CREST system positioned within 50-100 m of the target marks, 
which enabled individual targets to be resolved. Several hours of TS data were collected in each 
target strength experiment. 

2.5 Other data collection 

CTD drops were done from Tmrgaroa and Kaharoa to estimate the acoustic absorption 
coefficient and speed of sound during the survey. 

2.6 Acoustic data analysis 

Acoustic data collected during the survey were analysed using standard echo integration 
methods (MacLennan & Simrnonds 1992). as implemented in NIWA's Echo Sounder 
Package (ESPZ) 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, 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 (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 below). 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. Such plots are useful to show the distribution of fish 
within and between transects in the survey area. 

Transect acoustic density estimates were converted to hoki biomass using a ratio of mean 
weight to mean backscattering cross section (linear equivalent of TS) for hoki. Three different 
approaches were used in the calculation of this ratio. In the first approach, which is that used 
in all previous surveys, the ratio from Cordue (1994) was used, which assumes the length to 
target strength relationship from Coombs & Cordue (1995), the length frequency distribution 
from research trawls in 1987, and sex-specific hoki length-weight relationships. The same 
ratio was applied across all strata. The two other approaches used ratios based on hoki length 
frequencies and the length-weight relationship estimated during the 2001 survey. Because of 
variability in fish length between strata (see Section 3), a different ratio was obtained for each 
stratum. The two approaches using the 2001 length data varied from each other due to the 
choice of length to target strength relationship. One used the TS-length relationship of 
Coornbs & Cordue (1995). while the other used the most recently devised TS-length 
relationship of Macaulay (2001). For each of these ratio estimation methods, the numerator 
(mean weight) and denominator (mean backscattering cross-section) were obtained by 
transforming the scaled length frequency by the length-weight and TS-length relationships 
respectively, and then calculating the means of the transformed distributions. 



2.7 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). Stratum 
estimates were combined to produce snapshot estimates, and the snapshots were averaged to 
obtain the biomass index for 2001. 

The precision of the biomass index was calculated in two ways, as 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 for only the observation error 
in each biomass snapshot. The imprecision introduced by the inherent variability of the 
biomass in the survey area during the main spawning season is ignored. 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). 

The variances presented in this report estimate only the sampling precision, and will greatly 
underestimate the overall survey variability, which includes uncertainty in TS, calibration, 
and mark identification (Rose et al. 2000). A more thorough treatment of sources of 
uncertainty in this and other hoki acoustic surveys was provided by O'Driscoll(2002). 

3. RESULTS 

3.1 Data collection 

A total of 313 acoustic data files were recorded during 11 snapshots of Cook Strait (Table 2). 
Four snapshots were canied out from Tangaroa and seven from Kaharoa. The 11 snapshots 
were spread throughout the 6-week sampliig period (Table 2). 

Hoki target strength (TS) data were collected in five targeted experiments from Tangaroa. In 
each TS experiment, data were recorded from an identified hoki mark for 6-22 h (Table 3). A 
total of 91 TS data files were recorded. These data will be analysed to help refme the TS-length 
relationship for hoki. 

A total of 37 midwater hawk were canied out (Table 4, Figure 2): 23 tows were primarily for 
mark identification trawls, and 11 primarily for TS experiments. Three trawls were for both mark 
identification and TS. Hoki were the primary catch (Tnble 4). Bycatch included jack mackerel, 
spiny dogfish, ling, and mesopelagic species. Tows catching a high proportion of other species 
were usually those targeted at non-hoki marks (see Section 3.2). 

Eight CTD drops were carried out in conjunction with trawls, and were used to estimate the 
acoustic absorption coefficient and speed of sound in water during the survey. 

3.2 Mark identification 

Visual examination of echograms in association with trawl catches indicated the presence of at 
least six types of acoustic marks. These were classified as follows. 

I. Hoki schools 
Relatively dense marks with a defined boundary, typically occurring in 200-700 m water depth, 
and often in midwater over canyon features (e.g., Figure 3). During the night, schools tended to 
disperse and descend to 350-500 m depth. In the day, schools were much denser and higher in 
the water column, at 200450 m depth. This movement is counter to the conventional model of 



diurnal vertical migration where fish ascend at night. Hoki schools in Cook Strait Canyon also 
tended to be shallower later in the season (Snapshots 9-11). 

2. Hoki bottom mix 
Bottom-referenced layers, extending up to 50 m above the seabed. Typically occurred in depths 
shallower than 300 m (e.g., Figure 4). 

3. Hoki pelagic mix 
Relatively low density (diffuse), surface-referenced layers occuning at 200-700 m depth, 
typically over deep water (50C-1000 m). Single targets often visible (e.g., Figure 5). 

4. Bottom non-hoki 
Bonom-referenced layers, which were typically denser and shallower (less than 200 m depth) 
than hoki bottom mix layers (e.g., Figure 6). 

5. Jack mackerel 
Strong surface-referenced layers consisting of small schools and strong single targets at depths of 
50-2W m, particularly in the Narrows Basin (e.g., Figure 7). 

6. Pelagic layers 
Strong surface-referenced mesopelagic layers usually occurring from 0 to 200 m, and exhibiting 
strong diurnal vertical migration patterns. No single targets visible (e.g., see Figure 3). 

Mark identification trawls were carried out on each of these six mark types (Table 5). Twelve of 
the 15 tows targeted at hoki schools caught more than 90% hoki, and catch rates were high. Tows 
targeted at hoki bottom mix and hoki pelagic mix marks caught mostly hoki (average 5060% 
hoki by weight), but hoki catch rates were an order of magnitude lower than in tows targeted at 
hoki schools (Table 5) .  Tows targeted at non-hoki type marks caught very little hoki. 

Acoustic backscatter from regions corresponding to hoki schools, hoki bottom mix, and hoki 
pelagic mix were integrated to obtain acoustic density estimates. This is consistent with mark 
identification in previous years (Si Ballara, NlWA, pers. comm.). Although midwater trawls 
targeted on hoki mix marks contained a proportion of other species (see Table 5). all backscaner 
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 
uncertainty associated with the relative catchabilities of different species in the midwater trawl. 
However, biomass estimates are presented for hoki school marks only, as well as for hoki school 
and hoki mix marks combined, to quantify the proportion of hoki in the mix marks. 

3.3 Distribution of hoki backscatter 

Expanding symbol plots show the spatial distribution of hoki along each transect during the 11 
snapshots of the survey (Figure 8). In the first snapshot, the highest densities of hoki were 
observed in Nicholson Canyon (Stratum 3) and the deepwater extension of Cwk Strait Canyon 
(Stratum 5A). In the remaining 10 snapshots, hoki densities were highest in Cook Strait Canyon, 
with peak densities recorded in the head (northwestern end) of the canyon during Snapshot 7 
(Figure 8). Not surprisingly, the hoki fishing fleet tended to be concentrated in Cook Strait 
Canyon in the areas of highest hoki density (author's personal observation during the survey). 
Research trawl catch rates were also highest in Stratum 2 (see Figure 2). 

Densities of hoki were relatively low in the Narrows (Stratum 1). Terawhiti Sill (Stratum 6). and 
the deepwater between Cook Strait and Wairmpa Canyons (Stratum 5B). Hoki in these areas 
were generally in bottom or pelagic mix marks, and trawl catches of hoki from these areas were 
much lower than catches from hoki schools in Strata 2, 3, and 5A (see Figure 2). Wairarapa 



Canyon (Stratum 4) was surveyed in Snapshots 3, 4, and 6, and hoki densities in this stratum 
were also low. 

In canyon features, hoki tended to be concentrated in the deepest patt of the canyon. Hence, 
densities were highest in the middle of most transects. There was variation in the location of 
areas of high density in Cook Strait Canyon between snapshots (Figure 8). Hoki schools were 
also spatially dynamic over short temporal scales (hours). Schwls appeared to move with the 
strong tidal currents. During TS experiments hoki marks were tracked for several kilometres over 
a tidal cycle. 

3.4 Hoki biomass estimates 

Ratios used to convert acoustic backscatter to hoki densities (kg &') are shown in Table 6. 
There was considerable variation in hoki length frequencies between strata (Egure 9). Male and 
female hoki from Strata 2 (Cook Strait Canyon), 3 (Nicholson Canyon) and 6 (Terawhiti Sill) 
were larger than hoki from the other three strata. In all strata, the modal length of females was 
larger than that of males, and the female length distribution was broader (F~gure 9). Hoki mean 
length (males and females combined) was lowest in Stratum 5A (Cook Strait Canyon extension) 
at 62.7 cm, and highest in Stratum 6 at 80.7 cm (Table 6). Dierent fish sizes resulted in different 
mean acoustic TS, and different ratio estimates between strata for the two approaches that used 
length frequency data from the 2001 survey (Table 6). The stratum-specific ratios calculated 
using Coombs & Cordue (1995) TS (Approach 2) ranged from 7769 kg lan" in Stratum 5A to 
9135 kg krn-* in Stratum 6 compared to the constant value of 8402 kg hi'used in Approach 1. 
Ratios calculated using the more recent TS-length relationship of Macaulay (2001) were. about 
1.7 times higher than the ratios calculated using the relationship of Coombs & Cordue (1995), 
ranging from 12 159 kg krnm'to 16 092 kg km". 

Hoki biomass estimates by snapshot and strata for the three sets of ratios (Approaches 1-3 in 
Table 6) are given in Tables 7-9. The two approaches that used Coombs & Cordue (1995) TS 
gave similar biomass estimates for each stratum (Tables 7-8). Biomass estimates calculated 
using the Macaulay (2001) TS were higher (Table 9). because of the lower TS estimates (see 
Table 6). 

The pattern in hoki biomass across the sampling period was consistent, regardless of the 
weightfTS ratio chosen (Figure 10). For example, using estimates from Table 8, biomass was 
80 000-90 000 t in Snapshots 1-2 in mid July, fell off towards the end of July (after a major 
southerly storm), then rose to a peak of 190 OM) tin Snapshot 7 on 10-11 August. Following this 
peak, biomass declined again to 60 000 t by the final snapshot in late August. The peak in 
biomass in August seems to have corresponded with peak spawning. The highest proportions of 
running ripe female and male hoki were recorded in research tows on 5 August (Figure 1 I), and 
the proportion of spent females increased in tows after this date. However, some running ripe 
fish, particularly males, were recorded in tows throughout the sampling period Figure 11) 

All snapshots fell within the period of peak commercial catches (Figure 12). and there was no 
obvious "plateau" in Figure 10. Therefore, biomass estimates from all 11 snapshots were 
averaged to obtain the abundance index (Table 10). Using the same weightA'S ratio as in 
previous years (see Table 7) gave a biomass index for 2001 of 88 000 t. The biomass index when 
length frequencies from 2001 were used to calculate stratum-specific ratios using the same 
Coombs & Cordue (1995) TS-length relationship (see Table 8) was slightly higher, at 92 000 t. 
Changing the TS-length relationship to that given by Macaulay (2001) (Table 9) increased the 
2001 biomass estimate to 156 000 t. 

Coefficients of variation (c.v.) for the biomass indices were similar, regardless of which of the 
two methods was used to calculate variance (average of snapshot variances, or variance of the 



snapshot estimates). The sampling C.V. for the biomass index using the same weighflS ratio as 
in previous years (first row of Table 10) was 12%. which was well below the targetc.v. of 30%. 

The time series of acoustic biomass indices for Cook Strait is given in Table 11, and plotted in 
Figure 13. The biomass index from Approach 1 (data in Table 7) was plotted for 2001 because it 
is consistent with previous estimates. I believe the estimates using stratum-specific TS and ratios 
(see Tables 8-9) are more "correct" because they incorporate variation in the size of hoki 
between strata. However, it was not possible to recalculate indices from previous years using 
stratum-specific ratios, because there were no tows in most strata, and hence no length frequency 
data. The biomass index in 2001 was down 13% from the previous estimate of 101 000 t in 1999. 
and was only 35% of the peak biomass observed in 1993-94 (Figure 13). 

In Snapshots 2-11 most of the hoki biomass was in Cook Strait Canyon (see Tables 7-9), 
consistent with the high acoustic densities observed in this stratum (see Figure 8). In Snapshot 1, 
highest biomass was in Stratum 5A, which may have been fish moving into Cook Stnit Canyon. 
Hoki biomass was also high in Nicholson Canyon in Snapshot 1, but low for remaining transects. 
When results from Table 8 were averaged over all snapshots, 60% of the hoki biomass was in 
Stratum2,16% in Stratum 5B, 10% in Stratum 1.9% in Stratum 5A, 4% in Stratum 3, and 1% in 
Stratum 6. Hoki densities in Strata 1 and 5A were low (Figure 8). and the relative high proportion 
of biomass in these strata was due to their large area. 

No hoki school marks were observed in Shata 1. and 6, and all the biomass in these strata came 
fmm hoki bottom mix marks (Table 12). Over 98% of hoki biomass in Strata 5B also came from 
mix marks (Table 12), but in this stratum it was pelagic mix. Most hoki in Strata 2, 3, and 5A 
were in schools, with over 90% of the hoki biomass in Cook Strait Canyon in school marks in 
Snapshots 2-11 (Table 12). Over al l  strata combined, between 47 and 82%of hoki biomass was 
in schools. The biomass of hoki in mix marks remained relatively constant throughout the season 
(Figure 14). and the changes in biomass were due to the changes in the biomass of hoki schools, 
particularly in Stratum 2. 

Hoki abundance estimates for the Cook Strait acoustic time series are plotted in Figure 15. Strata 
5A and 5B were combiied in recent years to allow comparison with Stratum 5 which was 
surveyed before 1995. Although Cook Strait Canyon (Stratum 2) has contributed the highest 
proportion of hoki biomass in all years except 1994, the contribution from the Narrows (Stratum 
I) and Terawhiti Sill (Stratum 6) have declined dramatically since the years of peak overall 
abundance in 1992-94. 

4. CONCLUSIONS 

Eleven acoustic snapshots of the hoki spawning biomass in Cook Strait were completed 
during winter 2001. The 2001 acoustic abundance index was 13% lower than in the previous 
survey in 1999, and continues the general downward trend in the time series from the peak in 
1993. The methods used to determine the hoki biomass were consistent with previous 
surveys. The approach to mark identification likely overestimates the true hoki backscatter 
because not all backscatter in hoki mix type marks (which contribute 18-53% of hoki 
biomass) comes from hoki. The standard method also uses the TS-length relationship of 
Coombs & Cordue (1995). which is thought to be too high. Using the more recent TS-length 
relationship of Macaulay (2001) increased abundance estimates for 2001 by a factor of about 
1.7, but would not have a major influence on the relative indices. 



4.1 Note on the difference between biomass estimates in this report and the 
estimate used in the 2002 hoki assessment 

As pan of the 2002 hoki stock assessment process, O'Driscoll (2002) reviewed all acoustic 
inputs to the assessment. This work was carried out after analysis of the 2001 Cook Strait 
survey was completed. O'Driscoll (2002) revised the standard analysis methodology and re- 
calculated the acoustic biomass index from the 2001 survey along with all other surveys in the 
Cook Strait time-series. The revised methodology differed from the previous standard 
methodology (Approach 1 in this report) by: 

I .  Using the updated TS-length relationship of Macaulay (2001) instead of the relationship 
of Coombs & Cordue (1995) (as for Approach 3 in this report). 

2. Using the length frequency distribution of the commercial catch in Cook Strait from the 
year of the survey to calculate the ratio of mean weight to mean backscattering cross 
section (TS) instead of the length frequency dishibution from 1987 research trawls. 

3. Using a revised length-weight regression to determine mean hoki weight. 
4. Increasing the area of Stratum 5A from 65 & to 90 !un2 (the actual stratum area in 

Figure 1). 

The revised biomass estimate from the 2001 Cook Strait survey was 155 000 t (O'Driscoll 
2002). Relative abundance indices for the Cook Strait time-series were very similar to those 
plotted in Figure 13. 
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Table 1: Stratum boundaries, areas, and transect allocation in the 2001 Cook Strait hoki acoustic 
survey. Stratum locations are shorn in Figure 1. 

Stratum Name 
I Narrows Basin 
2 Cook Strait Canyon 
3 Nicholson Canyon 
4 Wairarapa Canyon 
5A Cook Strait Canyon extension 
5B Deep water 
6 Terawhiti Sill 

Boundary Area (km2) 
200-200 m 330 
180-180 m 220 
2CO-200 m 55 
2M)-200 m 35 
position to 200 rn 65 
position to 200 m 215 
200-200 m 65 

Number of transects 
4 

8-9 
4-5 
c-2 
3-4 

3 
4 

Table 2: Summary of snapshots carried out during 2001 Cook Strait hoki acoustic survey. 

Snapshot 
I 

Vessel 
Tangaroa 
Tangaroa 
Tangaroa 
T-roa 
Kaharoa 
Kaharoa 
Kaharoa 
Kaharoa 
Kaharoa 
Kaharoa 
Kaharoa 

Start time 
17Jul 12:40 
19 Jul20:28 
25 Iul04:39 
29 lul03:19 
4 Aug 11:55 
6 Aug 0240 

10 Aug 10:15 
12 Aug 22:00 
20 Aug 2057 
22 Aug 19:08 
26 Aug 1508 

.End time 
18 Jul23:27 
24 Jul05:57 
26 Id 16:11 
301ul 11:17 
6 Aug 01% 
7 Aug 10:35 

11 Aug 10:35 
13 Aug 20:47 
22 Aug 02:51 
23 Aug 18:25 
27 Aug 1654 

No. of transects 
27 
29 
30 
30 
28 
30 
28 
28 
28 
28 
27 

No. of trawls 
6 
6 
9 
4 
3 
2 
0 
0 
3 
4 
0 

Table 3: Summary of target strength experiments carried out during 2001 Cook Strait hold acoustic 
survey. 

Experiment Stratum Start time End time No. of files No. of trawls 
I 3 19 JulO4:30 19 Jul 11:lO 9 3 
2 5A 24 Jul 11:43 24 Jul23:39 16 3 
3 2 27 Jul04:35 27 Jul 1445 16 5 
4 2 28 Jul01:18 28 Jul23:43 28 2 
5 3 30 Jul 17:37 31 JulO8:OO 22 1 



Table 4: Summary and catch information from trawl stations w r i e d  out during 2001 Cook 
Strait hoki acoustic survey. ID is a mark identification trawl. TS denotes a target strength trawl. 

Catch (kg) 
Voyage Station Snapshot Stratum Type HOK JMA SPD LIN Other 

TANOl 1 1 
TANOlll 
TAN0111 
TAN0111 
TANOll 1 
TANOI I I 
TAN01 11 
TANOl 11 
TAN0111 
TANOl 11 
TAN01 I I 
TAN01 11 
TAN0111 
TAN0111 
TAN0111 
TAN0111 
TAN01 11 
TANOl 11 
TANOlll 
TANOl 11 
TANOl 11 
TANOll 1 
TANOI I I 
TAN0111 
TAN01 I I 
KAH0107 
KAHO107 
KAHO 107 
KAH0107 
KAHOIO7 
KAHOIO7 
KAH0107 
KAH0107 
-0107 
KAK0107 
KAH0107 
KAH0107 

Ti 
HOK 



Table 5: Catch composition and catch rates of hoki for trawls targeted on six acoustic mark types 
(see text for details). 

Mark type n mean 
Hoki schools 15 9 1 
Hoki bottom mix 8 52 
Hoki pelagic mix 9 63 
Bottom non-hoki 1 1 
Jack mackerel I I 
Pelagic layer 3 0 

% hoki in catch Catch rate hoki (kg km") 
min max mean min max 
59 100 19 825" 607 1 864741 
13 80 1381 24 3 610 
10 98 1 103 5 5 091 

82 
3 1 

0 0 0 0 0 

*Mean excludes maximum catch rate inTANOlI1 Tow #14. 

Table 6: Ratios used to transform acoustic ba&catter to f s h  density. For each of these ratios, the 
mean weight and mean backscattering cross-section were obtained by transforming the scaled 
length frequency distribution and then calculating the mean of the transformed distribution. 

Approach Stratum Mean length Mean weight MeanTS Ratio 
(dB) (m4 Ngm-') 

-37.1' 0.000194' 

I Calculated from overall scaled length frequency in 1987 research survey using sex-specific length-weight 
relationships: male: w = (3.6*103 L'~ 

1 
female: w = (3.7'107 L'~* 

Calculated from scaled length frequency using the TS-length relationship of Coornbs & Cordue (1995): 

3 
TS = 22.32 log (L) -79.84 

Calculated from survey length frequencies in 2001 survey (see Figure 3) using length-weight relationship: 

1 
all hoki: w = (7.21 15*103 L~~' ' '  (n = 1550. R' = 0.97) 

Calculated from scaled length frequency using the TS-length relationship of Macaulay (2001): 
TS = IS log (L) - 74 



Table 7: Acoustic biomass estimates by snapshot and s h t u m  using Approach 1 (constant weighmS 
ratio based on Coombs & Cordue (1995) TS). Values in this table are consistent with those produced 
in previous years. Biomass estimates from Stratum 4 are not included in the assessment but 
correspondig values were 2900 t, 900 t, and 1400 t, in Snapshots 3,4, and 6 respectively. 

Stratum biomass (000's t) 
Snapshot. I 2 3 5A 5B 6 
I 8 12 15 29 14 2 

Total Snapshot 
( W S  t) C.V. 

80 23 
89 15 
50 15 
57 21 
100 26 
83 25 
179 56 
120 35 
82 33 
74 16 
56 24 

Table 8: Acoustic biomass estimates by snapshot and stratum using Approach 2 (stratum-specific 
weighms ratios based on Coombs & Cordue (1995) TS and length frequencies from 2001 survey 
trawls). Biomass estimates from Stratum 4 are not included in the assessment but corresponding 
values were 2900 t, 900 t, and 1400 t, in Snapshots 3,4, and 6 respectively. 

Shatum biomass (000's t) 
Snapshot 1 2 3 5A 5B 6 

Total 
(000's t) 

79 
92 
5 1 
58 
105 
86 
190 
126 
86 
77 
58 

Snapshot 
C.V. 

23 
16 
15 
22 
27 
26 
58 
36 
33 
17 
25 

Table 9: Acoustic biomass estimates by snapshot and stratum using Approach 3 (stratum-specific 
weight/% ratios based on Macaulay (2001) TS and length frequencies from 2001 survey trawls). 
Biomass estimates from Strahun 4 are not included in the assessment but corresponding values were 
4700 t, 1500 t, and 2300 t, in Snapshots 3,4, and 6 respectively. 

Stratum biomass (000's t) 
Snapshot I 2 3 5A 5B 6 
I 12 23 27 42 23 4 
2 15 89 6 15 29 2 
3 I I 28 4 14 23 5 
4 11 47 7 14 17 1 
5 16 130 3 8 20 3 
6 23 84 5 6 25 3 
7 16 260 6 14 28 3 
8 I I 167 5 9 26 I 
9 20 97 2 5 2 1 2 
10 10 82 3 10 25 I 
I I 9 48 5 4 3 1 2 

Total Snapshot 
(090's t) C.V. 

131 22 
156 16 
85 15 
98 23 
180 27 
146 26 
327 58 
218 36 
146 34 
132 17 
99 26 



Table 10: Acoustic biomass indices obtained by averaging snapshot data in Tables 7-9. Approach 1 
used constant weightrrS ratio based on Coombs & Cordue (1995) TS. Approach 2 used stratum- 
specificweightPTS ratios based on Coombs & Cordue (1995) TS and length frequencies from 2001 
survey trawls. Approach 3 used stratum-specific weight/TS ratios based on Macaulay (2001) TS and 
length frequencies from 2001 survey trawls. Index c.vs were calculated in two ways. "Mean 
variance" is the c.v, calculated from the mean variance across snapshots. "Snapshot variance" is the 
cv. calculated from the sample variance of the snapshot biomass estimates (see text for details). 

Coefficient of variation (Ti) 
Approach Index (000's t) Mean variance Snapshot variance 
I 88 12 12 
2 92 13 13 
3 156 13 13 

Table 11: Acoustic indices of hoki biomass for Cook Strait 1988-2001. Indices all calculated using 
constant weightrrs ratio based on Coombs & Cordue (1995) TS (Approach 1). 

Year 
1988 
1991 
1992 
1993 
1994 
1995* 
1996' 
1997 
1998 
1999 
2001 

Biomass index (000's t) 
128 
77 
54 

256 
244 
170 
80 

124 
68 

101 
88 

Normalised biomk index 
1.00 
0.60 
0.42 
2.00 
1.90 
1.33 
0.62 
0.96 
0.53 
0.79 
0.69 

Number of snapshots 
I 
4 
2 
4 
3 
4 
5 
6 
5 
6 

11 

* A  correction factor was not applied to 1995-1996 biomass indices (see O'Driscoll2002). 

Table 12: Percentage of hoki biomass from hold school marks in each snapshot and stratum for 2001 
Cook Strait acoustic survey. Percentages were calculated in relation to hoki biomass estimates in 
Table 8, that is using Approach 2 (Coombs & Cordue (1995) TS and stratum specific ratios based 
on length frequencies from 2001 survey). 

Snapshot 
I 
2 
3 
4 
5 

Proportion of hoki biomass in schools (%) 
1 2 3 5A 5B 6 Total 

mean 0 92 75 56 1 0 64 



Figure 1: The stratum boundaries for the 2001 acoustic survey of Cook Strait spawning h o y  
Stratum names with areas used for biomass estimation in parentheses: 1, Narrows Basin (330 km ); 
2, Cook Strait Canyon (220 kmz); 3, Nicholson Canyon (55 km2); 4, Wairarapa Canyon (35 b 2 ) ;  
5A, Cook Strait Canyon extension (65 km2); 5B, Deepwater outside Nicholson and Wairarapa 
Canyons (215 km2); 6, Terawhiti Sill (65 km2); 



Figure 2: Location and catch rates of midwater trawls carried out during 2001 Cook Strait hoki 
acoustic survey. 
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Figure 2 cntd: Location and catch rates of midwater trawls carried out during 2001 Cook Strait 
hoki acoustic survey. 



Figure 3: Hoki school at 180-320 m below towbody 0. axis), with pelagic layer a t  50-100 m in 
Nicholson Canyon. 

All echograms in this report are from towbody files. This and subsequent echograms have the 
same horizontal scale (-350 pings which is equivalent to about 3.5 k m  a t  the tow speed of 10 
kn0.t~). Vertical scale varies and is shown on the y axis. The towhody depth of -40 m should be 
added to the depth on they  axis to get water depth. 



Figure 4: Hoki bottom mix layer extending from the bottom up about 50 m in the Narrows. 
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Figure 6: Bottom non-hoki Layer extending up to 50 m above the bottom in shallow (140-200 m 
water depth) water on the edge of the deep water between Cook Strait and Wairarapa Canyons. 



Figure 7: Jack mackerel marks behveen 90 and 140 m below towbody in the Narrows Basin. 



Figure 8: Spatial distribution of boki acoustic backscatter plotted in 10 ping (-100 m) bins for 
Snapshots 1 6 .  Symbol size is proportional to the log of the acoustic backscatter. 



Figure 8 cntd: Spatial distribution of hoki acoustic backscatter plotted in 10 ping (-100 m) bins 
for Snapshots 7-11. Symbol size is proportional to the log of the acoustic backscatter. 
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Figure 9: Length frequencies of male and femnle hoki by stratum estimated during the acoustic 
survey of Cook Strait in winter 2001. 
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Figure 10: Hoki biomass by snapshot over the survey period. Key refers to the weight/TS ratios 
used to scale hoki backscatter to biomass. See text and Table 6 for details. 
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Figure 11: Proportion of male and female hoki in each gonad stage in research trawls caught 
during the 2001 Cook Strait hoki acoustic survey. 
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Figure 12: Timing of 2001 Cook Strait acoustic survey snapshots (bars along the x axis) in relation 
to commercial hoki catch in 5-day periods (circles). 
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Figure 13: Time series of acoustic biomass estimates for spawning hoki in Cook Strait. AU indices 
were calculated using Approach 1 (constant weighVTS ratio based on Coombs & Cordue 1995 TS). 
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Figure 14: Hoki biomass by mark type over the survey period. Hoki biomass estimates were 
calculated using Approach 2 (Coombs & Cordue (1995) TS and stratum-specific ratios based on 
length frequencies from ZOO1 survey). 
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Figure 15: Time series of Cook Strait hoki abundance estimates by stratum 



Appendix 1: Acoustic equipment used for biomass snapshots 

This appendix describes the system used to collect acoustic data during biomass snapshots of 
the 2001 Cook Strait survey. Features of the general system are covered as well as details of 
the specific system. 

Data for biomass estimation were collected with NIWA's Computerised Research Echo 
Sounder Technology (CREST). CREST is computer based, using the concept of a "software 
echo sounder". It supports multi-channels, each channel consisting of at least a receiver and 
usually also a transmitter. The receiver has a broadband, wide dynamic range pre-amplifier 
and serial analog-todigital converters (ADCs), which feed a digital signal processor 
(DSP56002). The ADCs have a conversion rate of 100 kHz and the data from these are 
complex demodulated, filtered, and decimated. The filter was a 100 tap, linear-phase finite 
impulse response digital filter. For the biomass survey work this had a bandwidth of 1.6 kHz 
and the data were decimated at 4 kHz. Following decimation, a 20 log R time-varied gain was 
applied. The results were shifted to give 16 bit resolution in both the real and imaginary terms 
and the complex data stored for later processing. 

The transmitter was a switching type with a nominal power output of 2 kW rms. It will 
operate over a wide range of frequencies (12-200 kHz). For the survey the transmitted pulse 
length was 1 ms (38 cycles at 38 icHz), and the effective pulse length was 0.78 ms. T i e  
between transmits was 2 s. 

Two primary CREST systems were used in this survey. In both systems a split-beam 38 kHz 
system was connected to a towed Simrad split-beam transducer via 600 m of Rochester type 
301301 faired tow cable. Two flat-nosed, torpedo-shaped, 'heavy weight' 3 m long towed 
bodies were used. Digital data from the receiver were sent to a control computer where they 
were combined with position and transect information and stored. A small number of biomass 
transects (see Section 2.2) were run using the hull-mounted 38 kHz single-beam transducer, 
due to a cable failure in the towed systems. 

Calibration generally followed the standard procedures set out in Foote et al. (1987). Towbody 2 
(transducer model ES38DD-28327) was calibrated before and after this survey as part of other 
NIWA acoustic programmes. Towbody 3 (transducer model ES38DD-28331) was calibrated 
before its use in the survey, in the Marlborough Sounds during the survey, and again after the 
survey. Calibration data are provided in Table Al. 

Table A l :  Calibration data for the 38 kHz systems used for the survey. G is the gain of the 
system at a range of I m. A 2OlogR + 2aR time-varied gain was used. 

Transducer model 
Transducer serial no. 
3 dB beamwidth (') 
Effective beam angle (sr) 
Operating frequency (kHz) 
Transmit interval (s) 
Transmitter pulse length (ms) 
Effective pulse length (ms) 
Filter bandwidth (kHz) 
Initial sample rate (kHz) 
Decimated sample rate (kHz) 
SL+SRT (dB re 1 V) 
20logG 

Towbody 2 
ES38DD 

28327 
7.0 

0.0083 
38.125 

2.00 
1 .oo 
0.78 

1.6 
100 

4 
61.9 
82.0 

Towbody 3 
ES38DD 

28331 
7.1 

0.0087 
38.125 

2.00 
1 .oo 
0.78 

1.6 
100 

4 
62.8 
82.2 

Hull 
38-7 

23421 
7.3 

0.009 1 
38.000 

2.00 
1 .oo 
0.78 

1.6 
100 

4 
50.4 
91.7 


