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EXECUTIVE SUMMARY 

Cordue, PA.; Ballara, S.L. (2001). An acoustic survey of spawning hoki in Cook Strait 
during winter 1999. 

New Zealand Fisheries Assessment Report 2001/15.18 p. 

An acoustic survey of spawning hoki in Cook Strait was conducted from Kaharoa in July and 
August 1999. .Six biomass snapshots were completed, two in late July and four in mid August. 
Acoustic indices were calculated over the whole Cook Strait time series using three 
alternative length to target strength relationships for hoki. The absolute value of the indices 
in each time series was highly dependent on which target strength relationship was used. : 

However, in a relative sense each time series was virtually identical. 

The average of the August snapshots was about 50% higher than the average of the July 
snapshots. The acoustic index of Cook Strait spawning hoki biomass in 1999 is 50% higher 
than the 1998 index, but the latest index is part of a general downwards trend from the peak 
index in 1993. Estimated c.v.s were calculated for each index in each time series using three 
different methods. For each estimator, the estimated c.v.s were insensitive to the target 
strength relationship used. The most pessimistic estimator produced estimated c.v.s in the 
range 9-26%. 



1. INTRODUCTION 

There have been a number of acoustic surveys of spawning hoki on the west coast South 
Island and in Cook Strait. Acoustic surveys have provided relative abundance indices for 
spawning hoki in Cook Strait in most years since 1988. During July and August 1999 the 
Cook Strait spawning grounds were acoustically surveyed. The snapshots obtained on this 
voyage have been analysed to produce a 1999 index of Cook Strait spawning biomass. This 
extends the time series from nine to ten points (1988,199 1-99). 

During the 1997 stock assessment concerns were raised about the comparability between 
years of the acoustic indices if the timing of the Cook Strait spawning season had changed. 
There were indications from catches that the peak of the season may have been shifting later, : 

but the long period of high catch rates suggested that the timing of the acoustic surveys had 
not been a problem. However, 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 (Cordue et al. 1999). The 1999 survey 
started earlier and finished later than the 1997 and 1998 surveys. This was to ensure 
improved coverage of the spawning season and also to allow for 4 to 6 days in which to 
collect in situ hoki target strength data. 

As for the 1997 and 1998 surveys, some information on the spawning population's length 
frequency was obtained when trawl data were collected during the acoustic survey. These 
data were not extensive and not representative of the spawning population, but they do 
provide some useful qualitative information on the size of hoki in the survey area. 

Despite the collection of considerable in situ target strength data for hoki and the application 
of swimbladder modelling techniques, it is still not clear which of several alternative length 
to target strength relationship should be used in the calculation of mean hoki target strength 
(see Bradford 1999, Cordue et al. 2000). Therefore, three alternative length to target strength 
relationships have been used to calculate biomass estimates for the 1999 survey and the 
entire time series has been recalculated using each of the alternative target strength 
relationships. 

Consideration has also been given to how best to estimate the precision of the acoustic indices. 
The previously published estimates were derived from an approach which neglected to account 
for the between snapshot variation, using only an average of the within snapshot precision. -In 
this report a more appropriate method is proposed and new estimates of the C.V. of each index 
are presented. 

2. METHODS 

Hoki have a long spawning season in Cook Strait, typically more than 2 months. It is thought 
that during the spawning season there is a turnover of fish on the grounds and there is no time 
at which all the spawning fish are available to be surveyed. The survey design deals with this 
problem. 

The survey design of Jolly & Hampton (1990), as adapted by Coombs & Cordue (1995) to 
obtain a biomass index for transient fish populations, was used. 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 strata to obtain several 
estimates of the spawning biomass during the "main" spawning season. These estimates are 
then averaged 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). 

A 30 day booking of Kaharoa was made from mid July to mid August 1999 and the vessel 
was used in 2-4 day trips from Wellington during good weather. The same stratification has 
been used for several years, with the survey area including Cook Strait and Nicholson 
Canyons, Terawhiti Sill, and the Narrows Basin (Figure 1). A single-beam shallow-tow 
CREST acoustic system (Coombs 1994) was used for the biomass survey work, and a split- 
beam deep-tow system was used to collect target strength data in periods between biomass 
snapshots (Macaulay & Grimes 2000). Technical details of the acoustic system used for the 
biomass snapshots are given in Appendix 1. 

Trawling was targeted on hoki marks to sample hoki length frequency distributions and on 
hoki and other marks for target identification. Sex and length were recorded for hoki and 
other species where appropriate. Midwater trawl gear was used for all trawling. CTD drops 
were carried out in conjunction with trawls for the estimation of the absorption coefficient 
and speed of sound in water during the survey. 

Estimated hoki length frequencies were constructed for each stratum by using all trawls 
within a stratum during the period of the survey, and by weighting individual station length 
frequencies by the hoki catch on the station. For those stations where'the codend window had 
burst, a nominal hoki catch of 2 t was used. 

The acoustic data collected during the survey were analysed (as in past years) using standard 
echo integration methods (Burczynski 1979) as implemented in NIWA's Echo Sounder 
Package (ESP) software (Cordue 1990). Acoustic backscatter (m-2) was converted to hoki 
biomass using a ratio of mean weight to mean backscattering cross section for hoki. Because 
of the uncertainty about the length to target strength relationship for hoki, three different 
approaches were used in the calculation of this ratio. 

In the first approach, being that used in the past, the ratio from Cordue (1994) was used, 
which assumed the length to target strength relationship from Coombs & Cordue (1995). The 
other two approaches used more recently estimated length to target strength relationships 
(Grimes et al. 1997, Cordue et al. 2000) with the hoki length frequencies estimated during the 
1997 acoustic survey (Cordue & Ballara 1998) and the length to weight relationship assumed 
in the hoki stock assessment (Cordue 2000). For each of these ratio estimation methods, the 
numerator and the denominator were obtained by transforming the length frequency and then 
calculating the average of the transformed distribution. Separate ratios were calculated for 
the Narrows Basin and the rest of the survey area (the hoki in the Narrows Basin are smaller 
than those found elsewhere in the area; see Cordue & Ballara 1998, Cordue et al. 1999, and 
this report). 

Biomass estimates were obtained for each snapshot and each ratio using the formulae of Jolly 
& Hampton (1990). The snapshots were averaged to obtain three alternative biomass indices 
for 1999. Indices from the previous years were recalculated for the two more recent target 
strength relationships; hence, three alternative acoustic times series were constructed for 
Cook Strait spawning hoki. 

The method previously used to estimate the precision of each index was to average the 
variances from each snapshot, with each snapshot variance estimated using the formula of 
Jolly & Hampton (1990). This approach ignores the imprecision introduced by the inherent 
variability of the biomass in the survey area during the main spawning season. That is, a 



biomass snapshot X(T) has a random component in addition to the sampling error, being the 
time Tat which the snapshot occurs. In relationship to the variance, the relevant equation is: 

where m(T) is the biomass in the survey area at random time T, and ET denotes expectation 
with regard to T. The past method of estimating the variance only dealt with the second 
component of the above equation. However, the biomass snapshots are independent and 
identically distributed random variables, so their sample variance divided by the number of 
snapshots is an unbiased estimator of the variance of the index (being the average of the 
snapshots). This estimator was used to provide alternative estimates for each index (in each 
of the three time series) in every year except 1988 when there was only one snapshot. 

3. RESULTS AND DISCUSSION 

3.1. Biomass estimates 

In this section, absolute biomass estimates are only given for the Cordue (1994) ratio of mean 
weight to mean backscattering cross section (which assumed the target strength relationship 
of Coombs & Cordue 1995). Plateau height estimates obtained from the approach based on 
the Grimes et al. (1997) and the Cordue et al. (2000) target strength relationships were on 
average respectively 2.08 and 0.41 times the estimates based on the Coombs & Cordue 
(1995) target strength relationship. 

Six snapshots of the Cook Strait spawning grounds were completed by Kahroa from late 
July to mid August in 1999 (Table 1). Increasing levels of biomass were estimated from the 
first five snapshots, with the fifth and sixth snapshots having the largest biomass estimates at 
similar levels. For all snapshots the largest estimated biomass was in Cook Strait Canyon, 
with the next largest biomass estimate generally seen in the deep water outside Nicholson and 
Wairarapa canyons (Table 2). The only other stratum with a substantial estimated biomass at 
times was the Narrows Basin in snapshots 4 and 6 (Table 2). 

The time series of spawning biomass indices declines steeply from 1988 to 1992, and increases 
sharply in 1993 to twice the 1988 level. From 1993 to 1999 there is a general downwards trend, 
but with a saw-tooth pattern from 1996 to 1999 (Table 3, Figure 2). Using either of the 
alternative target strength relationships makes little difference to the time series in a relative 
sense (Figure 3). 

The unbiased estimator of variance somewhat surprisingly produces c.v.s for the biomass 
indices which are generally lower than those estimated using the negatively biased estimator 
(which was used in the past) (Table 4). In 1992 and 1994, it produces very low estimated c.v.s 
because there is very little variation in the snapshot estimates in those years (using Coombs & 
Cordue (1995), 1992: 45 000 t, 43 000 t; 1994: 264 000 t, 252 000 t, 216 000 t). Although it is 
an unbiased estimator it is clearly not a good estimator as the estimates in 1992 and 1994 are 
unrealistically low. A pragmatic alternative to either estimator is to use the maximum of the two 
(see Table 4); this is a positively biased estimator, but intuitively it is clear that it will provide 
more realistic estimates than each estimator individually. 



3.2 Trawl results 

During the acoustic survey 14 trawl stations were completed: 4 for target identification; 3 
specifically to obtain hoki length frequencies; and 7 for species mix and length frequencies 
for TS estimation (Table 5). 

Hoki were the primary catch, although a lot of spiny dogfish were caught in some trawls (Table 
6). Spiny dogfish tend to form layers above the hoki and it is difficult to avoid catching them 
when targeting hoki marks. A wide range of sizes were caught, with larger hoki caught in Codk 
Strait Canyon and in the deep stratum 5A, and smaller fish in the Narrows Basin (Figure 4). The 
Narrows Basin catches, in particular, cannot be considered representative of the hoki in that 
area as they came from target strength trawls on marks which were considered suitable for = 

recording single echo data (these tend to be less dense marks than those in which the bulk of the 
biomass is found). Nevertheless, the modes at about 50 cm (see Figure 4a) are an interesting 
feature, as they appear to be from 2 year old hoki. 

This conclusion is based on the length frequencies from the trawl survey of the Chatham Rise in 
January 1999 which show the 1996 cohort to be larger than 50 cm, with the mode for the 1997 
cohort at a little above 40 cm (Ballara et al. 2000). The 2 year old mode is present in each of the 
three acoustic strata, with more males than females being present (Figure 4). In the 1997 and 
1998 acoustic surveys, there was no sign of 2 year old hoki in the length frequencies (Cordue & 
Ballara 1998,' Cordue et al. 1999). The simplest explanation is probably found in the relative 
strengths of the respective year classes. From the Chatham Rise trawl survey results, the 1995 
and 1996 cohorts appear to be weak and the 1997 cohort possibly strong (Ballara et al. 2000). 
Indications from these few acoustic trawls are that the 1997 cohort may be as numerous as the 
strong 1994 cohort, which was a small but detectable component of the spawning fishery 
catches in 1996 (Ballara et al. 2000). 

4. CONCLUSIONS 

Six acoustic biomass snapshots were completed of the hoki spawning biomass in Cook Strait 
during winter 1999. The 1999 index is higher than that in 1998, but it forms part of a general 
downwards trend in the time series from the peak in 1993. This conclusion is independent of 
which of three alternative length to target strength relationships is assumed. 
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Table 1: Acoustic snapshot estimates of the 1999 Cook Strait spawning hoki biomass. 

Snapshot Date 
Estimate 
(000 t) C.V. (9%) 

1 21-22 Jul 68 17 
2 22-23 Jul 83 17 
3 12-13 Aug 96 28 
4 13-14 Aug 103 14 
5 14-15 Aug 128 27 
6 15-16 Aug 126 12 

Mean 101 9 

Table 2: Snapshot estimates by stratum of the 1999 Cook Strait spawning hoki biomass (000 t). 
The strata, in ascending order, are: Narrows Basin, Cook Strait Canyon, Nicholson 
Canyon, Wairarapa Canyon, a region connecting the previous three canyons (split into 
5A and 5B since 1995), and Terawhiti Sffl. -, stratum not surveyed. 

Stratum 
Snapshot 1 2 3 4 5A 5B 6 
1 13 30 8 4 11 2 
2 9 33 7 10 23 2 
3 13 45 4 8 21 5 
4 26 27 4 11 3 1 4 
5 7 72 5 6 34 4 
6 20 46 6 16 25 4 

Mean 15 42 6 9 26 3 



Table 

Year 

Table 4: 

Year 
1988 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 

Acoustic indices of hoki biomass for cook Strait spawning seasons 1988,1991-1999 
The indices have been assigned cv.s according to the procedure in Cordue et al. 
(1992) assuming a median cv. of 0.25. 

Biomass Normalised Number 
index biomass of 

(000 t) index snapshots c.v.(%) 

Estimated c.vs for the Cook Strait acoustic indices for each of the alternative length 
to target strength relationships and the three estimation methods. ("Snaps": using 
the mean variance across snapshots; "ID": using the sample variance; 'Max": 
taking the maximum of the estimates from the other two estimators.) 

Grimes et al. (1997) Cordue et al. (2000) Coombs & Cordue (1995) 

Snaps Max Snaps DID Max Snaps IJD Max 



Table 5: 

Station 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

Table 6: 

Station 

1 
2 
3 

4+ 
5+ 
6+ 
7 
8 
9 

10 
11 

12+ 
13 
14 

Summary information for the 1999 Cook Strait acoustic survey trawl stations. 

Snapshot 

1 
1 
1 
- 

Stratum Date 

2 22 Jul99 
2 22 Jul99 
2 22 Jul99 
2 1 Aug 99 
2 1 Aug 99 
2 1 Aug 99 
2 3 Aug 99 
2 8 Aug 99 

5A 9 Aug 99 
5A 9 Aug 99 
5A 9 Aug 99 

1 10 Aug 99 
1 10 Aug 99 
1 14 Aug 99 

Purpose of trawl 

target identification 
target identification 
target identification 
hoki length frequency 
hoki length frequency 
hoki length frequency 
target strength tow 
target identification 
target strength tow 
target strength tow 
target strength tow 
target strength tow 
target strength tow 
target strength tow 

Catch summary for the 1999 CookStrait acoustic survey trawl stations (catch in kg), - no catch, + codend burst, * < 0.5 kg. 

Hoki 

55 
38 

579 
556 
563 
437 

1 067 
283 
404 
539 
366 
519 
439 
365 

Spiny 
dogfish 

0.5 
1 

14 1 
143 
39 

273 

20 
8 

13 

Jack 
mackerel 

- 

3 
2 
2 

1 
10 
5 
6 

Two 
saddle 
rattail 

* 

* 
* 
* 

10 
25 
5 3 

Frost 
fish 

- 

* 

11 
13 
6 

Ling 

13 

6 
4 

41 

2 

14 
2 

School 
shark 

- 
- 

19 

36 

33 

Other 

* 
2 

19 
18 
1 

45 
2 
5 
3 
6 
8 
6 

13 
3 

Total 

56 
41 

598 
728 
707 
53 1 

1 349 
35 1 
407 
545 
377 
612 
5 17 
48 1 



Figure 1: The strata boundaries for the 1999 acoustic survey of Cook Strait spawning hoki: 
1, Narrows Basin; 2, Cook Strait Canyon; 3, Nicholson Canyon; 4, Wairarapa 
Canyon; 5, a region connecting the previous three canyons (split into 5A and 5B since 
1995); and 6, Terawhiti Sill. 
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Figure 2: Acoustic biomass indices for spawning hoki in Cook Strait for 1988, and 1991-99 
using the target strength relationship of Coombs & Cordue (1995). 
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Figure 3: Acoustic biomass indices for spawning hog  in Cook Strait for 1988, and 1991-99 
using the three alternative target strength relationships for hoki. 
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Figure 4a: Length frequencies of male and female hoki in the Narrows Basin estimated during 
the acoustic survey of Cook Strait in winter 1999. 
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Figure 4b: Length frequencies of male and female hoki in Cook Strait Canyon estimated during 
the acoustic survey of Cook Strait in winter 1999. 



Figure 4c: Length frequencies of male and female hoki outside the mouth of Cook Strait 
Canyon estimated during the acoustic survey of Cook Strait in winter 1999. 
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Appendix 1: Acoustic equipment used for the biomass snapshots 

This appendix describes the system used to collect acoustic data during the biomass 
snapshots of the 1999 Cook Strait hoki survey. Features of the general system are covered as 
well as the details of the specific system. 

Data for biomass estimation were collected with NIWA's Computerised Research Echo 
Sounder Technology (CREST). A 38 kHz towed-body system was used which had the 
echosounder electronics mounted on the vessel. The transducer was calibrated both in the 
deep tank at Greta Point and at a Chaffers Marina in Port Nicholson. 

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 (quadrature) 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 1.5 kHz and the data were 
decimated to 4 kHz. Following decimation, a 20 Log R time-varied gain was applied. The 
results were then shifted to give 16 bit resolution in both the real and imaginary terms and the 
complex data were stored for later processing. 

The transmitter is a switching type with a nominal power output of 2 k W  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 kHz) and the effective pulse length 0.78 ms. Time between 
transmits was 2 s. 

A single CREST system was used for the survey: a single channel 38 kHz system connected to a 
towed Simrad transducer via 600 m of Rochester type 301301 faired tow cable. The receiver 
and transmitter were mounted on the vessel. A flat-nosed, torpedo-shaped, 1.68 m long 
'heavy weight' towed body was used. The digital data from the receiver are sent to a control 
computer where they are combined with position and transect information and stored. 

Calibration generally followed the procedures set out in Foote et al. (1987) i d  Johanesson & 
Mitson (1983). Calibration data for the system are shown in Table Al .  

Table A l :  Calibration data for the 38 kJ3z system used for the survey. G is the gain of the 
system at a range of 1 m. A 2010gl& + 2aR time-varied gain was used. 

Transducer model (Sirnrad) 
Transducer serial no. 
Nominal 3dB 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) 
20 log,', G 


