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EXECUTIVE SUMMARY 

O'Driscoll, EL. (2003). Acoustic survey of spawning hoki in Cook Strait during winter 
2002. 

New Zealand Fisheries Assessment Report 2003Q7.34 p. 

An acoustic survey of spawning hoki abundance in Cook Strait was carried out on Kaharoa 
from 17 July to 28 August 2002. Nine snapshots were completed, with good coverage of the 
spawning season. The acoustic work was supported by 20 trawls for mark identification, to 
collect biological samples, and for target strength experiments. 

The acoustic abundance index for 2002, calculated using the standard approach (New Zealand 
Fisheries Assessment Document 200U36), was 225 000 t, an increase of 45% from the 2001 
survey (155 000 t). Estimated sampling precision for the 2002 survey was 13-16%. The 
model weighting (expressed as a coefficient of variation, c.v.), which includes uncertainty 
associated with survey timing, sampling precision, mark identification, calibration, and target 
strength, was 34%. 

Hoki abundance was variable during the 2002 survey, with peaks on 2 and 21 August. As in 
previous surveys, most of the hob backscatter was concentrated in Cook Strait Canyon, with 
the densest hoki marks observed in the head (western end) of the Canyon on 21 August. Hoki 
schools were also observed in the Narrows Basin in early August and the biomass contributed 
by this stratum was higher than in 2001. 

Mark types were similar to those in previous surveys. About 68% of the hoki biomass in 2002 
came from 'hoki schools'. Trawls on school marks typically caught more than 90% hoki by 
weight. The remaining hoki biomass came from 'mix' marks which were dominated by hoki 
(61% of trawl catch on average), but which also contained other species. Mix marks were 
most common in the deep water between Cook Strait and Wairarapa Canyons, in the Narrows 
Basin, and on Terawhiti Si. 

Most hoki caught during the 2002 survey were between 65 and 100 cm, but substantial 
numbers of small (45-55 cm) male hoki in spawning condition were also present. These were 
probably fish from the 2000 yearclass. Hoki from the Narrows Basin were about 10 cm 
smaller on average than hoki from Cook Strait Canyon, Terawhiti Sill, and Nicholson 
Canyon. 



1. INTRODUCTION 

Acoustic surveys have provided relative abundance indices for spawning hoki on the west coast 
South Island and in Cook Strait since 1988 (review by O'Driscoll 2002a). On the spawning 
grounds, hoki typically form large midwater aggregations. The occurrence of readily 
identifiable, single species aggregations clear of the seabed allows accurate abundance 
estimation using acoustics. 

The Cook Strait spawning grounds were surveyed from 17 July to 28 August 2002, and the 
acoustic snapshots analysed to produce a 2002 index of Cook Strait spawning abundance. This 
extends the. time series currently used in the hoki stock assessment (1991,1993-99,2001) fmm 9 
to 10 points. The timing of the 2002 acoustic survey was the same as in 2001, and longer than in 
previous yean (O'Driscoll2002a). The 6-week duration of the survey was to ensure that there 
was excellent coverage of the spawning season and to allow at least 4 days of suitable weather to 
collect in situ hoki target skngth (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 avoid the Narrows Basin. Trawls were carried out in all 
strata for species identification and to obtain length frequency samples. 

There are currently several contradictory length to target strength relatiomhips for hob obtained 
from in situ measurements and swimbladder modelling (Macaulay 2001). To attempt to resolve 
these differences and improve ow estimates of hoki TS, further in situ data were collected during 
the 2002 simey. 

This r e p t  summarises the data collected during the 2002 acoustic survey of spawning hoki in 
Cook Stmit, and presents abundance estimates (Objective 1 of Minishy of Fisheries research 
project HClK2001103). Data are also provided on trawl catch composition in relation to acoustic 
mark types in 2002 (Objective 2). Results of experimental work on hoki TS (Objective 3) will be 
reported in a separate document 

2. METHODS 

2.1 S u ~ e y  design 

Hoki have a long spawning season in Cook Straif typically more than 2 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 survqy design followed the methods of Jolly & Hampton (1990) as adapted by Coombs & 
Cordue (1995) to obtain an abundance index for transient fish populations. Randomly allocated 
parallel trausects 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 t;o obtain an estimate of the 'mean plateau height' (the average abundance during the 
main spawning season). Under various model assumptions, annual estimates of mean plateau 
height fonm a valid relative abundance time series (Cordue et al. 1992, Coombs & Cordue 1995, 
O'Driscoll2002a). 

The strata boundaries and areas were the same as in 1999 (Cordue & Ballara 2001) and 2001 
(O'Driscoll 2002b), with six main strata (Strata 1,2,3,5A, 5B, and 6, in Figure 1). A seventh 
stratum (Stratum 4) in Wairmpa Canyon was also surveyed in one snapshot, but results from 



this snapshot were not included in the abundance estimates. The number of hansects allocated in 
each stratum is given in Table 1. The survey was canied out on Kaharoa from 17 July to 28 
August 2002. 

2.2 Acoustic data collection 

A towed CRESTsystem with a 38-kHz split-beam transducer (Towbody 3) was used for acoustic 
data collection along survey transects and during target strength experiments. Towbody 3 
(transducer model ES38DD-28331) was calibrated in the Marlborough Sounds during the survey 
on 7 August A hull-mounted 38-kHz CREST system was used to record acoustic data during 
trawling. The hull system was calibrated in the Marlborough Sounds at the start of the survey on 
19 July. Details of the acoustic system and its calibration are provided in Appendix 1. 

Transects were run at speeds of 8-10 knots, with the acoustic towbody deployed 30-50 m below 
the surface. Acoustic surveys were interrupted for mark identification trawls. However, because 
of the strong tidal currents and advection of fish in Strata 2 and SA, 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 purposes. These were targeted on relatively dense marks where it was not 
certain if the mark contained predominately hoki. Midwater trawls were also canied out in 
support of target strength work, and to collect hoki length frequency and biological data. 

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 500 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 were also determined. 
More detailed biological data were collected on a sub-sample of up to 20 hoki per trawl, and 
included fish length, weight, sex, gonad stage, gonad weight, and occasional observations on 
stomach fullness and contents, and prey condition. 

Trawl catch rates (kg kni2) were calculated by scaling trawl catches by the estimated swept area 
(measured doorspread multiplied by tow distance). Estimated hob  length frequencies were 
constructed for each stratum by using all trawls within a stratum during the period of the survey, 
and weighting individual trawl length frequencies by the hold catch in the mwl. 

2.4 Target strength data collection 

Target strength data were collected between acoustic snapshots. The objective was to collect data 
from single species hoki aggregations to minirnise 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 from the trawl were sampled for sex, gonad stage, 
and length. 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. 



2.5 Other data collection 

A Seabird !3M-37 Microcat 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 and speed of sound during the survey. 

2.6 Ac:oustic data analysis 

Acoustic data collected during the survey were analysed using standard echo integration 
methods (MacLennan & S i o n d s  1992). as implemented in NIWA's Echo Sounder 
Package (lESP2) software (McNeill 2001). Echograms were visually examined, and the 
bonom determined by a combination of an in-built bonom 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 (O'Driscoll 
2002b). 

Backscatter from marks (regions) identified as hold was then integrated to produce an 
estimate of acoustic density (m-'). Acoustic density was output in two ways. First, average 
acoustic density over each transect was calculated. These values were used in abundance 
estimation (see Section 2.7). Second, acoustic backscatter was integrated over 10-ping bins 
(vertical slices) to produce a series of acoustic densities for each traosect (typically 30-100 
values p e ~  tra~~sect). These data had a high spatial resolution, with each value (10 pings) 
caesponcling to about 100 m along a transect, and were used to produce plots showing the 
spatial distribution of acoustic density. 

Transect acoustic density estimates were converted to hoki biomass using a ratio, r, of mean 
weight to mean backscattering cross section (linear equivalent of TS) for hoki. In previous 
reports (e.g., Cordue & Ballara 2001). the ratio from Cordue (1994) was used, which assumed 
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. 
Following the review of O'D~iscoll (20024 the method of calculating r was revised. The 
revised methodology differs from the previous approach by: 

1. using the length frequency distribution of the commercial catch in Cook Strait from the 
year of the survey to calculate r, 

2. using the updated TS-length relationship of Macaulay (2001) 

where L is total fish length in centimetres; 

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

The hoki length frequency from the 2002 commercial fishery in Cook Strait (based on 
commercial catch sampling for W i s h  project HOK2M)1/04) is shown in Figure 2. The mean 
length of hoki was 78.5 c a  Mean weight and mean backscattering cross-section (obtained by 
transforming the scaled length frequency distribution in Figure 2 and then calculating the 
means of the transformed distributions) were 1.50 kg and 0.0001038 mZ (equivalent to -39.8 
dB) respectively, giving a ratio, r, for 2002 of 14 472. 



2.7 Abundance estimation 

Abundance estimates and variances were obtained for each stratum in each snapshot using the 
formulae of Jolly & Hampton (1990), as described by Coombs & Cordue (1995). Stratum 
estimates were combined to produce snapshot estimates, and the snapshots were averaged to 
obtain the abundance index for 2002. 

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

2.8 Survey weighting for stock assessment 

The sampling precision will greatly underestimate the overall survey variability, which also 
includes uncertainty in TS, calibration, and mark identification (Rose et al. 2000). The model 
weightings (expressed as coefficient of variation or c.v.) for individual surveys input into the 
hoki stock assessment model are calculated using a Monte Carlo procedure which incorporates 
these additional uncertainties (O'DriscolI 2002a). 

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

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

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

Values of parameters and their probabiw distributions in 2002 were the same as those used for 
Cook stmi; by O'Driscoll(2002a) and a& given in Table 2. In each simulation a biomass model 
was constructed by randomly selecting values for each variable from the distributions in Table 2. 
This model was then ' s ampk  at dates equivalent to the mid dates of each snapshot (Table 3). A 
sampling uncertainty was applied based on the actual c.v.s estimated from each snapshot. The 
biomass estimate was then split, based on the propoltion of acoustic backscaner in 'mix' and 
'hoki' marks (see Section 3.2). and mark identification uncertainties applied to each part. The 
biomass estimates were recombined and calibration and TS uncertainties applied in turn. The 
same random value for calibration and TS was applied to all snapshots in each simulated 
'survey'. Abundance estimates from all snapshot estimates from the simulated survey were 
averaged to produce an abundance index. This whole process was repeated 1000 times (1000 
simulated surveys) and the distribution of the 1000 abundance indices was output. The overall 



C.V. was the: standard deviation of the 1000 abundance (mean biomass) indices divided by their 
mean. 

3. RESULTS 

3.1 Data collection 

A total of 258 acoustic data files was recorded during nine snapshots of Cook Shait (Table 3). 
The nine snapshots were spread over 32 days (Table 3). Bad weather prevented any acoustic 
survey work at the start (17-21 July) and end (24-28 August) of the &week sampling period 

Hoki target strength (TS) data were collected in two experiments. The first experiment was 
unsuccessfid because of strong winds and rough sea conditions which made the towbody 
unstable at low speeds. In the second experiment data were recorded from a hold school in the 
Narrows Basin for 11 h (Table 4): 22 TS data files were recorded. These data will be analysed to 
help refine the length-TS relationship for hoki. 

A total of ;!O midwater trawls was canied out for mark identification (Table 5, Figure 3). Hoki 
were the p~imary catch (Table 5). Bycatch species included jack mackerel, spiny dogfish, ling, 
and mesopt:lagic species. Tows catching a high proportion of other species were usually those 
targeted at inon-hob marks (see Section 3.2). AU tows targeted at hoki schools caught more than 
80% hoki Crable 5). 

Nine CTD ]profiles were obtained in conjunction with midwater trawls, and were used to estimate 
the absoxpton coefficient and speed of sound in water during the survey. 

Visual examination of echograms in association with trawl catches indicated the presence of at 
Ieast seven types of acoustic marks. These are described briefly below. Marks were similar to 
those obse~ved in 2001, and example echograms for the first six mark types were provided by 
O'Driscoll(2002b). 

1. Hoki schools 
Relatively dense marks with clearly defined edges, typically occurring in 200-700 m water 
depth, and often in midwater over canyon features (e.g., Figure 4). Dlning the night, schools 
tended to disperse and descend to the bottom or to 350-600 m depth. In the day, schools were 
denser and higher in the water column, at 200-450 m depth. 

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

3. Hoki pelagic mix 
Relatively low density (diffuse), surface-referenced layers occurring at 200-700 m depth, 
typically over deep water (500-1000 m). Single targets often visible. 

4. Bottom inon-hoki 
Bonom-referenced layers, which were typically denser and shallower (less than 200 m depth) 
than hoki tonom mix layers. 



5. Jack mackerel 
Strong surface-referenced layers consisting of small schools and strong single targets at depths of 
50-200 m, particularly in the Narrows Basin. 

6. Pelagic layers 
Strong surface-referenced mesopelagic layers usually occurring from 0 to 300 m, and exhibiting 
strong diurnal vettical migration patterns. No single targets visible. 

7. Spiny dogfish 
Surface-referenced layer similar to jack mackerel marks, and consisting of small schools and 
single targets at depths of 100-200 m, above hob schools (e.g., Figure 4). Midwater spiny 
dogfish marks were observed only in Cook Strait Canyon. Although spiny dogfish marks of this 
type were not identified in 2001 (O'Driscoll2002b), similar marks have been described from 
previous surveys of Cook Strait Livingston (1990) suggested that midwater aggregations of 
spiny dogfish above hoki schools were probably feeding on recently spawned hoki eggs. 

Mark identification trawls were carried out on five of the seven mark types (Table 6). No trawls 
were targeted at jack mackerel marks or bottom non-hoki marks in 2002 because few strong 
marks of these types were observed. Tows on jack mackerel and bottom non-hoki marks in 2001 
caught only 1% hoki by weight (O'Driscoll2002b). 

The six tows targeted at hoki schools caught 84-100% hoki by weight, and catch rates were high 
(Table 6). Tows targeted at hoki bottom mix and hoki pelagic mix marks caught mostly hoki 
(average 79% and 54% hoki by weight), but hoki catch rates were much lower than tows targeted 
at hold schools (Table 6). The one tow targeted at a spiny dogfish mark (tow 13) caught 89 kg of 
hoki (see Table 5), which was only 6% of the catch, but the calculated hoki catch rate was 
relatively high (822 kg l d 2 )  because the tow was short (1.4 km). Tows targeted at pelagic layers 
caught no hoki. 

Catch rates and species composition h m  trawls targeted at hoki schools (Table 6) were 
generally similar to those observed in 2001 (O'DriscoU 2002b: n = 15, mean hoki catch = 
19 825 kg =', mean composition = 91%). Catch rates of hoki fiom hoki bottom mix marks 
were higher, and hob made up a greater proportion of the catch in 2002 (Table 6) compared to 
results h m  2001 (O'Driscoll2002b: n = 8, mean hold catch = 1381 kg km2, mean composition 
= 52%). but the sample size in 2002 was small (n = 3). Species composition ftom hoki pelagic 
mix marks were similar in 2002 and 2001, but average hoki catch rates were an order of 
magnitude lower in 2002 (Table 6) than those in 2001 (O'Driscoll2002b: n = 9, mean hoki catch 
= 1103 kg lad2, mean composition = 63%). This was likely related to the sampling platform 
Most (8 of 9) tows on the hoki pelagic mix marks in 2001 were carried out from Tangaroa which 
uses a much larger midwater trawl (average headline height = 40 m) than Kaharoa (headline 
height = 12 m). Hoki pelagic mix marks were diffuse and a large net and fast towing speed 
(greater than 3.5 knots) is required to 'sieve out' commercial catches of hoki from these marks 
(Allan Dillon, skipper of FV Independent I, pen. c o r n ) .  Independent I trawled on a pelagic 
hoki mix mark in outer Cook Strait Canyon (Stratum 5A) on 11 August and caught 15 t of hoki 
in a 25 min tow, with low levels of bycatch (Man Dillon, pers. comm). 

Acoustic backscatter fiom 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 (O'DriscoU 2002a). Although midwater trawls targeted on hoki 
mix marks contained a propottion of other species (see Table 6). all backscam £ram these marks 
was assumed to be &om 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 diierent species in the midwater trawl. However, 
abundance estimates are presented for hoki school marks only, as well as for hoki school and 
hoki mix marks combied, to quantify the proportion of hoki in the mix marks. 



3.3 Distribution of hoki backscatter 

Expanding symbol plots show the spatial distribution of hob along each transect during the nine 
snapshots c~f the survey (Figure 5). For most of the survey, hoki densities were highest in Cook 
Strait Canyon (Stratum 2). Hold tended to be concentrated in the deepest part of the canyon 
(middle of transects), but there was variation in the location of areas of high density in Cook 
Strait Canyon between snapshots. Peak densities were recorded in the head (northwestern end) of 
the canyon during Snapshot 8, where local densities were an order of magnitude greater than in 
any other snapshot (Figure 5). Commercial fishing effort in Cook S b i t  was relatively low during 
the survey (only 2-9 boats fishing). Most of the fishing fleet was concentrated in Cook Strait 
Canyon in the areas of highest hoki density (author's personal observations drning the survey). 
Research trawl catch rates were highest in Cook Strait Canyon (see Figure 3). 

Relatively l&h densities of schooling hoki were also observed in the Narrows Basin (Stratum 1) 
during  naps shots 2-6 (Figure 5). ~eiearch trawl catch rates were high (see Figure 3). There w& 
almost no commercial fishing effort in the Nartows Basin during the acoustic survey. 

Densities of hoki were relatively low in Nicholson Canyon (Stratum 3), Terawhiti Sill (Stratum 
6). the Cook Strait extension (Stratum 5A), and the deep water between Cook Strait and 
Wairarapa. Canyons (Stratum 5B) (Figure 5). Hoki in these areas were generally in bottom or 
pelagic mix marks, and trawl catches of hoki were lower than catches from hoki schools in Strata 
1 and 2 (see Figure 3). Wairarapa Canyon (Stratum 4) was surveyed in Snapshot 3 and hoki 
densities in this stratum were also low. 

The distribution, of hold backscatter was similar to that in 2001 (O'Driscoll2002b). The major 
differences in 2002 were the presence of den& hob schools in the Narrows Basin, and the 
absence of high densities of hoki in Nicholson Canyon. 

3.4 Hoki size and maturity 

There was considerable variation in hoki length frequencies between strata @gure 6). Mean 
lengths of hold 6um Shata 2 (Cook Sbait Canyon), 3 (Nicholson Canyon), and 6 Climwhiti Sill) 
were larger than mean lengths of hoki from the other three strata (Table 7). As in previous years, 
mean length of hold in Stratum 1 (Narrows Basin, mean = 69.2 cm) was significantly less than 
the mean length fiomthe main commercial fishing grounds in Cook Strait Canyon (78.4 cm). 

The difference in hoki size Mween areas was partly related to the sex ratio of catches. In all 
strata, the )modal length of females was larger than that of males 6). Therefore, we would 
expect mean length @oth sexes combined) to be lower in the Narrows Basin, where an 
approximately even sex ratio was observed (48% females), compared to other strata, where 
females made up 6846% of the catch (Table 7). However, there were also size differences 
within a sex. A higher proportion of large females (greater than 85 cm) were caught in Strata 2, 
3, and 6 than in the Narrows Basin (F~gure 6). 

Length mtdes at 65-70 cm for males and 70-75 cm for females (Figure 6) probably correspond 
to hold h m  the 1997 and 1998 yearclasses, seen in 2002 as 4 and 5 year-olds. Larger, older, 
females were also caught, but there were few males over 80 cm @gure 6). There was a second 
mode of small (45-50 cm) male hoki, particularly in the Narrows Basin. These are likely fish 
from the 2000 year-class spawning as 2 year-olds. The 2000 year-class was estimated as 
relatively strong at age l+  in a trawl survey of the Chatham Rise in January 2002 (Stevens & 
Livingston 2003). Few hoki were caught in the estimated size range of 3-year-olds (about 60 
cm). This is consistent with the Chatham Rise trawl survey which indicated that the 1999 year- 
class was weak (Stevens & Livingston 2003). 



A subsample of 278 hoki was weighed during the 2002 survey. The derived length-weight 
relationship (RZ = 0.97) from these fish was: 

This relationship gave a weight about 5% higher for a fish of average length than that obtained 
using the generic relationship of Francis (2003). but the difference in fit to the data was not 
statistically significant. 

When r (the ratio used to convert hold backscatter to biomass) was calculated from the overall 
hoki length frequency from research tows using the length-weight relationship of Francis (2003) 
and the TS-length relationship of Macaulay (2001). the ratio was 13 851 kg niZ. This was lower 
than the value of r obtained from the commercial fishery in 2002 (Section 2.6, r = 14 472) 
because the size of fish in research tows was smaller on average than those caught by the 
commercial fleet (see Figure 2). The commercial fishery caught very few hoki less than 60 cm. 
Although the length frequency of hoki caught in the commercial fishery may not represent the 
length kquency of the underlying spawning population due to gear selectivity, or targeting of 
fish of certaiu size, or at certain depth ranges, I chose to use r estimated h m  commercial data to 
estimate abundance to maintain consistency with earlier surveys (O'Driscoll 200%). O'Driscoll 
(200%) showed that calculating r using (potentially biased) commercial length frequency data 
will not have a major effect on relative abundance indices. 

Almost all hoki sampled during the acoustic survey were spawning (Table 8). Less than 1% of 
fish were classified macroscopically as immature (stage 1) or resting (stage 2). The proportions 
of hoki in each gonad state changed during the survey (Table 8). In general, there was a higher 
proportion of maturing (stage 3) male and female hoki in July, with numbers of partially spent 
(stage 6) and spent fish (stage 7) increasing during August. The pattern of maturity for female 
hoki (Figure 7) appears to show two peaks in the proportion of fish actively spawning (stages 4- 
6). on 2 August and 17 August. It is uncertain whether these peaks represent two separate 
spawning events. The.number of tows carried out during each snapshot was small, and temporal 
patterns were confounded by the spatial distribution of tows. For example, most of the spent 
females observed on 5 August came from one trawl on Terawhiti Sill. There were no other tows 
in this stratum during the survey (see Figure 3). 

3.5 Hoki abundance estimates 

Hoki abundance estimates by snapshot and strata are given in Table 9 and plotted in Figure 8. 
Estimated abundance was between 154 000 and 213 000 t in Snapshots 1-3 in late July, rose to a 
peak of 262 000 t in Snapshot 4 from 2-3 August, then declined before rising to a second peak of 
427 000 t in Snapshot 8 from 21-22 August. The peak abundance during Snapshot 8 was 1.6 
times higher than abundance estimated during any of the other snapshots, and was due to the 
presence of very high density hoki marks along just two hansects in the head of Cwk Strait 
Canyon (see Figure 5). Consequently, estimated sampling precision in this snapshot was low 
(high C.V. of 62%). The very high density marks were not observed in Snapshot 9, on 22-23 
August (see Figure 5). and estimated abundance d e c l i i  to 172 000 t V~gure 8). 

The two peaks in estimated abundance on 2 and 22 August (Figure 8) broadly corresponded with 
the two peaks in the proportion of females spawning (see Figure 7). However, for the reasons 
o u t l i i  above, it is uncertain whether these two peaks represent separate spawning events, or are 
an artefact of sampling variabiity. 

All snapshots fell within the period of peak commercial catches @gure 9). and there was no 
obvious 'plateau' in Figure 8. Therefore, abundance estimates from all nine snapshots were 
averaged to obtain the abundance index. The abundance index for 2002 was 225 000 t Uable 9). 



Sampling precision (c.v.) of individual snapshots ranged between 13 and 62% (Table 9). The 
sampling C.V. for the survey varied depending on which of the two methods was used to calculate 
variance. l l e  average of the snapshot variances was 16%. The variance of the abundance 
estimates from the nine snapshots was 13%. Both estimates were well below the target sampling 
C.V. of 30%. 

In seven 01' the nine snapshots, the greatest proportion of the hoki biomass was in Cook Strait 
Canyon Uable 9), consistent with the high acoustic densities observed in this stratum (see Figure 
5). The N m w s  Basin (Stratum 1) contributed more biomass than Cook Strait Canyon (Stratum 
2) during Snapshots 4 and 5 (Table 9). When results from Table 9 were averaged over all 
snapshots, 51% of the hob biomass was in Stratum2,21% in Stratum 1,16% in Stratum5B. 9% 
in Stratum 5A, and 1% in each of Stratum 3 and Stratum 6. Hoki densities in Stratum 5B were 
low (see Figure 5). and the relative high propoltion of biomass in this stratum was due to its large 
area. Estimated biomass from Wairarapa Canyon (Stmtum 4) during Snapshot 3 was 2000 t, and 
this area is not included in the overall abundance estimate. 

Most (68%) of the hoki biomass came from hoki schools (Table 10). Over 96% of hoki in Cook 
Strait (Stratum 2) was in schools, and a high proportion of hoki school marks was also observed 
in Strata 1, 3, and 5A. When estimated hoki biomass in the Narrows Basin (Stratum 1) was 
highest dtuing Snapshots 4-6 (see Table 9). 9044% of the biomass was in schools (Table 10). 
The remaining biomass in Stratum 1 and almost all the biomass in Stratum 6 (Terawhiti Sill) 
came from hoki bottom mix marks. Over 97% of hoki biomass in Strata 5B (deep water between 
Cook Strait and Wairarapa Canyons) also came from mix marks (Table lo), but in this stratum it 
was pelagic mix. Pelagic mix marks also made up about half of the hoki biomass in Shata 5A 
(Cook Strait Canyon extension) and 3 (Nicholson Canyon). As in 2001 (O'Driscoll2002b), the 
biomass of hoki in mix marks remained relatively constant throughout the season, and the 
changes in abundance were due to the changes in the biomass of hold schools. 

3.6 Suwey weighting for stock assessment 

The o v e d  swey weighting estimated fiom the Monte Carlo simulation model was 34%. The 
C.V. was monitored after each component of uncertainty was added to assess which sources of 
uncertainty were the most important. Results are given in Table 11. 

As in previous Cook Stlait surveys, timing (including uncertainties about plateau timing and 
residence time), sampling precision, and mark identitication were the major sources of 
uncer&ainty (Table 11). Uncertainties due to calibration and TS contributed relatively IittIe to the 
overall c.v. (Table 11). However, incorrect choice of TS and calibration coefficients do have 
potential to introduce bias, which is not reflected in the C.V. in Table 11. 

The weighting of the 2002 s w e y  was the same as that estimated for 2001 (O'Driscoll2002a). 
This was expected because both surveys consisted of a similar number of snapshots spread over a 
similar time period. The weighting of Cook Strait surveys has been higher (lower c.v.) since 
1999 bec.ause of the longer survey period (4-6 weeks). There were greater uncertainties 
associated with surveys before 1999 because of poor survey timing (O'Driscoll2002a). 



4. CONCLUSIONS 

Nine acoustic snapshots of the hoki spawning abundance in Cook Strait were completed 
during winter 2002. The updated the series of acoustic abundance indices for Cook Strait is 
given in Table 12 and plotted in Figure 10. The abundance index in 2002 was 45% higher than 
the previous estimate of 155 000 t in 2001. The index in 2002 was the highest since 1995, but 
was only 54% of the peak abundance observed in 1993-94 (Figure 10). This is consistent with 
results from trawl surveys of the Chatham Rise (Figure 10). Estimates of adult (3++) hoki on the 
Chatham Rise increased by 42% from 35 700 t in January 2001 to 50 700 t in January 2002, but 
the estimate in 2002 was only 43% of average estimated adult biomass in the period 1992-94 
(Stevens & Livingston 2003). 

The 6-week duration of the survey allowed g o d  coverage of the spawning season. The survey 
weighting, which includes uncertainty associated with s w e y  timing, sampling precision, 
mark identification, calibration, and target strength, was 34%. Future acoustic surveys of 
Cook Strait should have similar timing. 

Almost all hoki sampled during the survey were in spawning condition. Modal lengths of 65-70 
cm for males and 70-75 cm for females probably correspond to hoki from the 1997 and 1998 
yearclasses. Larger, older, females were also caught, but there were few males over 80 c m  
There was also a mode of small (4.5-50 cm) male hoki Erom the 20(n yearclass, particularly in 
the Narrows Basin. 

The methods used to determine the hoki abundance were consistent with previous surveys 
(O'Driscoll 2Mna). The current approach to mark identification probably overestimates the 
true hoki backscatter because not all backscatter in hoki mix type marks (which contribute 
about 32% of hoki biomass) comes from hoki. 

5. ACKNOWLEDGMENTS 

Thanks to Peter McMillan (voyage leader) and to the scientific staff, officers, and crew who 
made the voyage on Knharoa a success. Man  D i o n  (skipper of FV Independent I) 
participated in the early part of the survey and added his valuable experience. Peter McMillan 
provided helpful comments on an earlier draft of this report. Roger Coornbs supplied final 
calibration coefficients. This work was funded by the Ministry of Fisheries (Project 
HOK200 1/03). 

6. REFERENCES 

Coombs, R.F.; Cordue, P.L. (1995). Evolution of a stock assessment tool: acoustic surveys of 
spawning hoki (Macturonus novaezelandiae) off the west coast of South Island, New 
Zealand, 1985-91. New Zealand J o u m l  of Marine and Freshwater Research 29: 175- 
194. 

Cordue, P.L. (1994). Hoki acoustic biomass estimates for Cook Strait 1987-93. New Zealand 
Fisheries Assessment Research Document 9419. 24 p. (Unpublished report held by 
NIWA library, Wellington.) 

Cordue, P.L.; 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. 

Cordue, P.L., McAllister, M.K., Pikitch, E.K.; Sullivan, K.J. (1992). Stock assessment of hoki 
1991. New Zealand Fisheries Assessment Research Document 92/10. 41 p. 
(Unpublished report held by NIWA library, Welliigton.) 



Foote, K.G.; Knudsen, H.P.; Vestnes, G.; MacLennan, D.N.; S i o n d s ,  E.J. (1987). 
Calibration of acoustic instmments for fish density estimation: a practical guide. ICES 
Cooperative Research Report 144.57 p. 

Francis, I1.I.C.C. (2003). Analyses supporting the 2002 stock assessment of hob. New 
Zealand Fisheries Assessment Report 2003/5. 34 p. 

Jolly, G.M.; Hampton, I. (1990). A stratified random transect design for acoustic surveys of 
fish stocks. Canadian Journal of Fisheries and Aquatic Sciences 47: 1282-1291. 

Livingston, M.E. (1990). Spawning hoki (Macruronus novaezelrmdae Hector) concentrations 
in Cook Strait and'off the east coast off the South Island, New Zealand, August- 
September 1987. New Zealand J o u d  of Marine and Freshwater Research 24: 503- 
517. 

Macaulay, G. (2001). Estimates of the target strength of hoki. Final Research Report for 
Ministry of 13sheries Research Project HOK1999/03 Objective 3. 12 p. (Unpublished 
report held by Wish, Wellington.) 

MacLemm, D.N.; S i o n d s ,  E.J. (1992). Fisheries acoustics. Chapman & Hall, London. 
325 p. 

McNeill, E. (2001). ESF2 phase 4 user documentation. NIWA Internal Report 105. 31 p. 
(Unpublished report held by NIWA library, Wellington.) 

O'Driscoll, R.L. (20023). Review of acoustic data inputs for the 2002 hoki stock assessment 
New Zeolond Fisheries Assessment Report 200U36.64 p. 

O'Driscoll, R.L. (2002b). Acoustic survey of spawning hoki in Cook Strait during winter 
2001. New Zealand Fisheries Assessment Report 200U37.35 p. 

Rose, G.; Gauthier, S.; Lawson, G. (2000). Acoustic surveys in the full monte: simulating 
uncertainty. Aquatic Living Resources 13: 367-372. 

Stevens, 1D.W.; Livingston, M.E. (2003). Trawl survey of hoki and middle depth species on 
the Chatham Rise, January 2002 (TAN0201). New Zedand Fisheries Assessment 
Report 2003/19. 57 p. 



Table 1: Stratum boundaries, areas and transect allocation in the 2002 Cook Strait hoki acoustic 
survey. Stratum locations are shown in F i i  1. 

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

Boundary Area (kd)  
200-200 m 330 
18&180 m 220 
200-200 m 55 
2W200 m 35 
position to 200 m 90 
position to 200 m 215 
2W200 m 65 

Number of transects 
4-5 

9 
4 

0-2 
3-4 

3 
4 

Table 2: Values of parameters and their distributions used in Monte Carlo uncertainty simulations 
to determine model weighting (after O 'Dhl l20(na) .  

Term 
Mean arrival date 

Mean residence time 
Individual arrival date 

Individual residence time 
sampling 
Mark identification - 'mix' marks 
Mark identification - 'hoki' marks 
Calibration (2002) 
Target strength 

Notation - Distribution 

d Unifom - r Uniform 
di Normal 

ri Nomal 
s Normal 
i& Lognormal 
iL t i  h n d  
c a b  Uniform 
TS Uniform 

Values* 
19&221 

3 1-5 1 

2 (5) 
r (10) 

1.0 (snapshot c.v) 
0 (0.3) 
0 (0.08) 

0.95-1.05 
0.88-1.12 

*For uniform distribution values are ranges; for normal distributions values are means with s.d. in 
parentheses; for lognormal distributions values are the mean and s.d. of log~~(variable). Plateau model 
variables (mean and individual arrival dates, mean and individual residence times) are in days. All other 
variables are relative (scaled to 1). 



Table 3: Summary of snapshots d e d  out during 2002 Cook Strait hoki acoustic survey. 

Snapshot Start time 
1 22 Jul14:22 
2 28 Jul11:38 
3 29 Jul23:25 
4 2 Aug 11:39 
5 5 Aug 121.5 
6 10 Aug 159.5 
7 13 Aug 17:22 
8 21 Aug 10:49 
9 22 Aug 2222 

End time 
24 Jul23:48 
29 Jul17:27 
31 Jul05:lO 
3 Aug 12:31 
6 Aug 1 1:05 

11 Aug 13:19 
21 AugO1:16 
22 Aug 17:24 
23 Aug 2l :B 

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

No. of trawls 
0 
2 
4 
3 
2 
1 
3 
5 
0 

Table 4: Summaq of target strength experiments wried out during 2002 Cook Strait hoki amustie 
survey. 

Experiment Stratum Start time End time No. of files No. of kawk 
1 2 25 Jul a 3 6  25 Jul02:47 1 0 
2 1 31 JulO7:U) 31 Jul18:lO 21 2 

Table 5: Summary and catch information from trawl stations wr ied  out during 2002 Cook 
Strait hoki acoustic survey. Mark type refers to the categories described by O'DrismU (2002b): 
HOK = hoki school; PMM = hoki pelagic mix; BMIX = hoki bottom mix; P = pelagic layer; SPD 
= spiny do@sh. Trawl positions are shown in Figure 3. 

Catch (kg) 
Station Snapshot Stratum Mark type Hoki Jack Spiny Ling Other %Hold 

3 PMIX 
2 HOK 

5A PMM 
5A PMJX 

1 HOK 
1 BMIX 

5B PMDI 
1 HOK 
2 HOK 
6 BMIX 
2 PMM 
3 HOK 
2 SPD 
2 HOK 

5B PMJX 
5B PMIX 
5B P 
5B PMK 

1 P 
1 BMK 

mackerel 
29 0 

1679 0 
6 0 
6 0 

1608 0 
166 7 

4 0 
1 997 8 
3 119 0 

735 9 
249 1 
256 1 

89 0 
1538 0 

36 22 
23 0 

0 0 
11 0 
0 0 

683 0 

dogfish 

*Net window burst 



Table 6: Catch composition and catch rates of hoki for trawls targeted on five acoustic mark types 
(see text for details). No trawls were targeted at jack mackerel or bottom non-hold mark types in 
2002. 

% hoki in catch Catch rate hoki (kg km.') 
Mark type n mean min max mean min max 
Hoki schools 6 93 84 100 22666* 1580 71 647* 
Hoki bottom mix 3 79 61 97 4440 715 7 940 
Hoki pelagic mix 8 54 14 94 163 14 826 
Spiny dogfish 1 6 - - 822 - - 
Pelagic layer 2 0 0 0 0 0 0 

*Undesestimates because net window burst during two trawls on hoki schools (see Table 5), 

Table 7: Mean length of hoki caught during the UHn Cook Strait acoustic survey by stratum. Length 
frequency distrihutionr are shown in Figure 6. 

Stratum No. trawls No. hoki measured Mean length (cm) % female hold 
1 5 1753 69.2 48 
2 5 1183 78.4 68 
3 2 151 81.2 80 

6 1 325 81.6 86 
All 20 3 510 74.0 59 

Table 8: Gonad stages of hoki caught in research trawls during the 2002 Cook Strait acoustic 
survey. Data are arranged by snapshot Gonad stages are defined in Appendix 2. 

2 3 4 
Sex Stage 28 Jul 30 Jul 2Aug 
Male 1 1 1 0 

2 0 0 0 
3 45 53 44 
4 60 132 373 
5 9 133 487 
6 0 14 22 
7 0 1 2 

Snapshot 
5 6 7 8 

5 Aug 11 Aug 17 Aug 21 Aug 
0 0 0 6 
0 0 1 0 
0 2 6 7 

35 8 6 22 
98 21 61 244 
33 3 37 70 
7 0 22 30 

Female 1 1 0 0 0 0 2 9 
2 5 1 1 8 0 3 11 
3 218 172 259 126 60 104 321 
4 39 24 234 20 32 106 87 
5 4 3 66 11 10 27 61 
6 10 26 55 76 7 61 131 
7 1 12 11 249 6 55 19 



Table 9: EIoki acoustic abundance &hates from the 2002 Cook Strait survey by snapshot and 
strata wing the standard approach described by O'DrismU (2002a). 

Stratum biomass ('000 t) Total - 
Snapshot 1 2 3 5A 5B 6 ( W t )  
1 37 39 4 32 38 5 154 
2 33 140 4 13 20 2 213 
3 45 85 5 23 26 1 185 
4 120 85 3 20 34 1 262 
5 62 27 4 21 31 3 148 
6 83 101 4 22 34 2 245 
7 18 125 2 12 56 3 217 
8 15 341 5 14 50 4 427 
9 23 99 2 13 33 2 172 

Snapshot 
C.V. 

13 

mean 48 116 3 19 36 3 225 16 

Table 10: Percentage of hoki abundance from hoki a h w l  marks in eaeh snapshot and strata. 
Percentags were calculated in relation to hoki biomass estimates in Table 9. 

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

mean 50 96 47 57 3 4 68 



Table 11: Results of Monte Carlo simulations to determine model weighting for the 2002 Cook 
Strait acoustic survey (see O'Driscoll 2002a for details). The cv. for the survey is given in a 
stepwise cumulative fashion to allow the contribution of each component of the abundance 
estimation process to be assessed. 'Timing' refers to uncertainties associated with the timing of 
snapshots relative to the plateau height model, and includes uncertainties associated with 
assumptions about fsh arrival date and residence time. 

Timing 
+Sampling 
+Mark identification 
+Calibration 
+ TS 

Total 0.34 

Table 12: Acoustic indim of holri abundance for Cook Strait 1988-2002. Values for 1991-2001 are 
from O'Driscon (2002a). Index no&ed to the series mean (228 000 t). 

Year 
1991 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2001 
2002 

Biomass ('000 t) 
126 
418 
420 
298 
138 
209 
115 
175 
155 
225 

Normalised abundance index 
0.55 
1.83 
1.84 
1.31 
0.61 
0.92 
0.50 
0.77 
0.68 
0.99 

No of snapshots 
4 
4 
3 
4 
5 
6 
5 
6 

11 
9 

C.V. 

0.45 
0.53 
1.02 
0.7 1 
0.64 
0.41 
0.46 
0.36 
0.34 
0.34 



Figure 1: Stratum boundaries for the 2002 acoustic survey of Cook Strait spawning hoki. Stratum 
names with areas used for abundance estimation in parentheses: 1, N-ws Basin (330 km2); 2, 
Cook Strait Canyon (220 kin2); 3, Nicholson Canyon (55 km'); 4, Wairarapa Canyon (35 h a ) ;  5A, 
Cook Strait Canyon extension (90 kd); 5B, Deep water outside Nicholson and Wairarapa Canyons 
(215 km2); 6, Terawhiti Sill (65 kin?. 
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Figure 2: Scaled wexed length frequency of hoki caught in the Cook Strait commercial fdery in 
2002 used to gtimate the ratio, r, of mean weight to mean b a h t t e r i n g  erosrseftioa Data are 
from commercial catch sampling. 
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Figure 3: Location and catch rates of midwater trawls d e d  out during 2002 Cook Strait hoki 
acoustic survey. Cirde areas are proportional to trawl catch rates 





F i r e  5: Spatial distribution of hoki acoustic backscatter plotted in 10 ping (-100 m) bins for 
Snapshots 1-2. Symbol size is proportional to the log of the acoustic backscatter. 



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



Figure 5 cont: Spatial distribution of hoki acoustic backscatter plotted in 10 ping (-100 m) bins 
for Snapshots 5-6. Symbol size is proportional to the log of the acoustic backscatter. 



Figure 5 cont: Spatial distribution of hoki acoustic backscatter plotted in 10 ping (-100 m) bins 
for Snapshots 7-8. Symbol size is proportional to the log of the acoustic backscatter. 



Figure 5 conk Spatial distribution of hoki acoustic backscatter plotted in 10 ping (-100 m) bins 
for Snapshot 9. Symbol size is proportional to the log of the awustic backscatter. 
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F i e  6: Length frequencies of male and female hoki by stratum estimated during the acoustic 
survey of Cook Strait in winter 2002. Length frequencies for each stratum are expressed as a 
percentage of the total hoki catch in that stratum. rn (male) and f (female) values refer to the 
numbers of fish measured. 



Date 

Figure 7: Proportion of female hoki in merent maturity states from research trawls during the 
2002 Cook ;Strait hoki acoustic survey. Gonad stages are defined in Appendix 2: non-spawning = 
gonad stages 1 and 2; pre-spawning = gonad stage 3; spawning = gonad stages 4-6; post- 
spawning = gonad stage 7. 
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F i r e  8: Estimated hoki abundance by snapshot over the 2002 survey period. 
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F i r e  9: Timing of acoustic survey of Cook Strait in 2002 (bar along the x axis) in relation to the 
commercial hoki catch from Cook Strait in 5-day periods. 
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F i e  10: 'hne series of acoustic abundance estimates for spawning hoki in Cook Strait (solid 
Line) with 9!;% confidence intervals based on Monte Carlo estimates of uncertainty. Note that the 
upper confidence bounds for surveys from 1993 to 19% were greater than 500 000 t The time 
series of trawl biomass indices for adult 1%) hoki on the Chatham Rise (from Stevens & 
Livingston :1003) is shown for comparison (dashed line). 



Appendix 1: Acoustic equipment used for abundance snapshots 

This appendix describes the system used to collect acoustic data during snapshots of the 2002 
Cook Strait survey. Features of the general system are covered as well as details of the 
specific system. 

Data for abundance 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 lcHz 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 abundance 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 kHz), and the effective pulse length was 0.78 ms. Time 
between transmits was 2 s. 

The acoustic system used in this survey consisted of a split-beam 38 kHz CREST echo- 
sounder c o ~ e c t e d  to a towed Simrad split-beam eansducer via 600 m of Rochester type 
301301 faired tow cable. A flat-nosed, torpedo-shaped, 'heavy weight' 3 m long towed body 
was used. Digital data from the receiver were sent to a control computer where they were 
combined with position and transect information and stored. 

Calibration followed the standard procedures set out by Foote et al. (1987). The towbody was 
calibrated in the Marlborough Sounds during the survey on 7 August, as well as before and after 
this survey as part of other NIWA acoustic projects. Calibration data are provided in Table A l .  

Table Al: Calibration data for the 38 ItHz towed system used for the survey. Vr is the in-circuit 
voltage at the transducer terminals for a target of unit backscattering cross-section at unit range. 
G is the voltage gain of the receiver at a range of 1 m with the system cofl~gured for echo- 
integration ('20 Log R'). 

Transducer model 
Transducer serial no. 
3 dB beamwidths (') 
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) 
VT (v) 
G 
Absorption (dB km-') 

Towed body 3 
ES38DD 
28332B 
7.3x7.4 
0.0093 
38.125 

2.00 
1.00 
0.78 

1.6 
100 

4 
1008.6 
12866 

8.0 



Appendix 2: Description of gonad development used for staging male and female h o k  

Research gonad stage 

Resting 

Partially spent 

7 Spent 

Males 

Testes small and haoslucent, 
threadlike or narrow membranes. 

Testes are thin and flabby; 
white or transparent 

Testes are f m  and well 
developed, but no milt is 
y n t  

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

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

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

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

Females 

Ovaries small and 
translucent No 
developing oocytes. 

Ovaries are developed, 
but no developing eggs are 
visible. 

Ovaries contain visible 
developing eggs, but no 
hyaline eggs present 

Some or all eggs are 
h y a l i i  but eggs are not 
extruded when body is 
squeezed. 

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

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

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


