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EXECUTIVE SUMMARY 

O'Driscoll, R.L. (2003). Acoustic survey of spawning hoki off the east coast South Island in 
September 2002. 

New Zealand Fisheries Assessment Report 2OO3D8.26 p. 

An acoustic survey of spawning hoki in Pegasus Canyon and Conway Trough off the east 
coast South Island (ECSI) was carried out from FV Independent I from 2 to 11 September 
2002. Seven snapshots of Pegasus Canyon and one snapshot of Conway Trough were 
completed. The acoustic work took place around commercial fishing operations, and 27 
commercial trawls (23 midwater and 4 bottom trawls) were carried out in Pegasus Canyon 
during the survey period. These trawls provided biological data and information for mark 
identification. 

Dense schools of spawning hoki were present in the south end of Pegasus Canyon. The 
acoustic biomass estimate for Pegasus Canyon was 78 000 t. This was about 35% of the 
estimated hoki biomass (225 000 t) in an acoustic survey of Cook Strait immediately before 
this survey (17 July to 28 August 2002). Hoki marks were also observed in Conway Trough, 
but these were spatially limited and the acoustic biomass estimate was only 16 000 t. 

The size of hoki from the Pegasus Canyon was similar to that of hoki sampled in Cook Strait in 
August 2002. Most fish were between 60 and 90 cm, but then were also many small male hoki 
between 45 and 55 cm Almost all hoki sampled were in spawning condition: 45% of female 
hoki were ripe or running ripe, 37% maturing or partially spent, and 18% spent. 

The survey confirmed that there are concentrations of spawning hold in Pegasus Canyon, 
suggesting that this may be a significant satellite spawning area for the eastern hoki stock The 
voyage also provided a model for future cooperative work between the fishing industry and 
scientists. The commercial Sixmad ES-60 acoustic system performed well and there was 
sufficient processing time between fishing operations to allow excellent acoustic coverage of a 
s d  area such as Pegasus Canyon. 



1. INTRODUCTION 

Hoki (Macruronus novaezelandiae) form New Zealand's largest fishery, with a TACC in 
2002-03 of 200 000 t. Two stocks of hoki are currently recognised, based on morphometric 
and growth rate differences (Livingston & Schofield 1996), and these have been assessed 
separately since 1989 (e.g., Annala et al. 2002). The "western stock" resides primarily on the 
Campbell I?lateau, south of New Zealand, and spawns on the west coast of the South Island 
(WCSI). The "eastern stock" home ground is the Chatham Rise, with spawning occurring 
mainly in Cook Swait. Juvenile hoki of both stocks mix together on the shallower areas of the 
Chatham Rise, and are believed to recruit to their respective stocks at maturity (Livingston et 
al. 1997). 

There is little information about the occurrence a magnitude of spawning aggregations away 
from the W I  and Cook Strait In an exploratory trawl and acoustic survey in 1987, Livingston 
(1990) reparted concentrations of spawning hoki in canyons off the east coast South Island 
(ECSI), including Clarence Canyon, Conway Trough, and Pegasus Canyon, but these were small 
relative to the main spawning ground in Cook Strait Commercial catches of spawning hoki have 
been taken off the ECSI, and also at Puysegur Ba& south of New Zealand (Annala et aL 2002). 

Anecdotal (evidence h m  s k i p  of commercial fishing vessels (Independent Fisheries Limited, 
pers. comn~) suggests that marks of spawning hoki in the area of the Conway River and Pegasus 
Canyon an: increasing, with large factory vessels spending more time in the fishery in recent 
years. Therefore, it was timely to carry out a fisheries-independent survey of hoki spawning off 
the ECSL 

Acoustic surveys provide a suitable method of assessing spawning hoki abundance. On the 
spawning grounds, hoki typically form large midwater aggregations. Commercial and research 
fishing on spawning hoki aggregations results in very clean catches of hoki. The occurrence of 
single-spxies spawning aggregations allows accurate biomass estimation using acoustics. 
Acoustic surveys of spawning hoki have been conducted reguIar1y since a 1984 pilot survey of 
the WCSI spawning grounds (Coombs & Cordue 1995), and the results of acoustic surveys of 
spawning :hold have been an important input into hoki stock assessments for the last decade 
(O'Driscoll2002a). Acoustic surveys currently provide fishery independent indices of spawning 
hoki biomass in the two major spawning grounds, on the WCSI and in Cook Strait 

This report presents results of an acoustic survey of the ECSI hoki spawning grounds carried 
out from an industry vessel (FV Independent I). This survey was part of a collaborative 
initiative between NlWA and Independent Fisheries Limited, funded by the Hoki 
Management Company. 

2. METHODS 

2.1 survey design 

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, and was similar to that 
used successfully in acoustic surveys by NIWA on the WCSI and in Cook Strait (Coombs & 
Cordue 1995, O'DriscoU 2002a). 

The duration of spawning on the ECSI is uncertain. In other spawning areas, such as Cook Shait, 
hoki have a long spawning season and it is likely that during the spawning season there is a 
turnover CR fish on the grounds (Coombs & Cordue 1995). We therefore aimed to conduct a 
number of sub-surveys or "snapshots" of the areas during the voyage to obtain estimates of the 
spawning biomass at diierent times. 



Randomly allocated parallel hansects were used to estimate the mean fish density in each 
snapshot. These estimates were then averaged to obtain an estimate of the "mean plateau height" 
(the average biomass during the spawning season). Under various model assumptions, the 
estimate of mean plateau height is a valid relative abundance index (Cordue et al. 1992, Coombs 
& Cordue 1995, O'DriscoU 2002a). 

Stratum boundaries were based on depth contours with transects orientated to mn across canyon 
features in water depths greater than 200 m (Figure 1). Stratum areas were calculated using 
MapInfo software following the survey based on the recorded start and finish positions of 
acoustic hansects (Figure 1). A total of 8-11 acoustic transects were randomly allocated in each 
snapshot of the Pegasus Canyon, with four transects in Conway Trough. 

The survey was canied out from the 45.6 m factowlfreezer stem trawler F.V. Indevendent I 
from 2-1 i ~ e ~ t e m b e r  2002. This timing was chosen liecause peak densities of spawnin; hoki are 
tyuicallv observed off the ECSI in early September (Man Dion, Independent Fisheries L i t 4  
&. c~mm).  The ECSI survey imn$diAely folliwed an acoustic k v e y  of the Cook Strait 
spawning grounds canied out &om 17 July to 28 August 2002 (O'DriscoU 2003). Because the 
two surveys were consecutive, biomass estimates from Cook Strait and the ECSI could be 
compared. 

2.2 Acoustic data collection 

Acoustic data were collected using a cormnercial S i d  ES-60 echosounder with a hull- 
mounted 38-kHz split-beam hansducer. This echosounder is essentially identical to the EK-60 
scientific echosounder commonly used by fisheries research institutes worldwide. The acoustic 
system was calibrated using standard scientific methods (Foote et al. 1987) in the Marlbornugh 
Sounds on 6 August 2002. Details of the acoustic system and its calibration are provided in Table 
1. Raw acoustic data from the ES-60 were collected and stored at sea on CD. 

The survey was conducted between routine fishing operations. While processing between trawls, 
Independent 1 was able to cany out acoustic transects without cornpro&sing fishing operations. 
Processing time was typically 4-8 h for catches of 10-20 t. This allowed 3-9 transects to be.. 
completed and time for the vessel to retum to the area of the next trawl. Transects were nm at 8- 1 

10 knots. 

2.3 Trawling 

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

Trawl catch weights and species' composition were estimated from the vessel processing 
returns. A random sample of up to 200 hoki from every tow was measured, and the sex and 
macroscopic gonad stage (see Appendix I) determined. Estimated hoki length frequencies were 
constructed by weighting length frequencies from individual tows by the hoki catch in the tow. 

2.4 Other data collection 

A Seabird SM-37 Microcat CTD datalogger was mounted to the headline of the net during one 
bottom trawl to collect temperature and salinity data, which were then used to estimate the 
acoustic absorption coefficient and speed of sound during the survey. 



2.5 Acoustic data analysis 

Acoustic d.ata collected during the survey were analysed using standard echo integration 
methods CMacLennan & Simmonds 1992), as implemented in NIWA's Echo Sounder 
Package fiSP2) 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 commercial trawls. In general, marks were 
classified into categories developed by O'Driscoll(2002b) for hoki in Cook Strait. 

Backscattcr from marks (regions) identified as hoki was then integrated to produce an 
estimate 01' acoustic density (K2). Acoustic density was output in two ways. Fist, average 
acoustic d~msity over each transect was calculated. These values were used in biomass 
estimation (see Section 2.6). Second, acoustic backscatter was integrated over loping bins 
(veaical slices) to produce a series of acoustic densities for each transect (typically 30-100 
values per transect). These data had a high spatial resolution, with each value (10 pings) 
corresponding to about 100 m along a transect, and were used to produce plots showing the 
spatial distribution of acoustic density. 

Transect acoustic density estimates were converted to hoki biomass using a ratio, r, of mean 
weight to mean backscattering cross section (linear equivalent of target strength) for hob. 
This ratio was calculated from the scaled length frequency distribution of hoki from 
commerciad trawls during the survey. Acoustic target strength (TS in dB) was derived using 
the TS-length relationship of Macaulay (2001): 

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

2.6 Biomass estimation 

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

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

3. RESULTS 

3.1 Data collection 

A total of 125 acoustic data files were recorded. Sea conditions were good during the survey 
(swell hei,&t less than 1.5 m, wind speed usually less than 20 hots) and Independent 1 was 



relatively "quiet", giving good quality data to depths of at least 700 m Examination of 
echograms indicated that the echosounder transducer was tilted up to 5" forward for much of the 
survey, suggesting the vessel was himmed slightly bow-up. This increased the incidence of side- 
lobe echoes, especially when depth was increasing 

Seven snapshots of Pegasus Canyon and one snapshot of Conway Trough were completed during 
the survey (Table 2). Further snapshots of Conway Trough were not possible as there were 
insufficient marks to allow the vessel to remain in this area and fish commercially. 

A total of 27 commercial trawls (23 midwater and 4 bottom trawls) were canied out in Pegasus 
Canyon while NlWA staff were aboard Independent I (Table 3, Figure 2). Most tows were less 
than 15 min long. The Simrad IT1 trawl management system allowed accurate catch estimation, 
and catches were usually close to the targeted level of 15 t (estimated range 2-25 t). Catches 
were predominantly hoki, with low levels of bycatch of spiny dogfish and ling (Table 3). 

One CTD protile was obtained in conjunction with a bottom trawl in Pegasus Canyon, and this 
was used to estimate the 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 are described briefly below. Marks were similar to those 
observed in Cook Shait in 2001 (O'Driscoll2002b) and 2002 (O'Driscoll2003). 

1. Hoki schools 
Relatively dense marks with clearly defined edges, typically occuning in 200-700 m water 
depth, and often in midwater over canyon features (e.g., Figure 3). There were interesting daily 
patterns in the shucture of marks, with fish generally occuning close to the bottom at night and 
in midwater during the day. However, some marks showed a characteristic '~lurne" structure at 
night, with plumes extending more than 60 m off the bottom (Figure 4). In the northem part of 
Pegasus Canyon, outside the 25 n.mile limit, hoki schools were weaker, and typically occurred as 
a series of midwater blobs at depths of 400400 m (Figure 5). Some hob plumes were also 
observed in Conway Trough (e.g., Figure 6). 

2. Hoki bottom mix 
Bottom-referenced layers, extending up to 50 m above the seabed. Typically occurred in depths 
shallower than 400 m around the edges of hoki schools (e.g., Figure 7). 

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

4. Bottom non-hoki 
Diffuse, bottom-referenced layers, which were typically deeper (greater than 700 m depth) than 
hoki bottom mix layers (e.g., Figure 5). 

5. Pelagic layers 
Strong surface-referenced mesopelagic layers usually occuning from 0 to 350 m (e.g., Figure 5). 
and exhibiting strong diurnal vertical migration patterns. No single targets visible. 

6. Spiny dogfish 
Surface-referenced layer consisting of small schools and single targets at depths of 200-350 m, 
above hoki schools (e.g., Figure 8). Similar marks have been described in surveys of Cook Strait 



(O'Driscoll 2003). Livingston (1990) suggested that midwater aggregations of spiny dogfish 
above hoki schools were probably feeding on recently spawned hoki eggs. 

Commercial trawls were targeted on hoki schools only in the south end of Pegasus Canyon (see 
Figure 2). However, a few trawls either missed their original target, or passed through other 
layers, and these provided some information on mark identification outside of hoki school marks. 
For exaqde, Tow 24 (see Figure 8) passed through a spiny dogfish mark at the end of the trawl 
and caught a higher proportion of spiny dogfish (Table 3). Trawls that missed the main hoki 
school marks and sampled bottom hoki mix (e.g., Tow 6, see Figure 7) or pelagic hoki mix 
marks (e.g., Tows 17 and 27) generally had lower catch rates and higher bycatch than tows that 
hit the targeted hoki schools (Table 3). Overall, bycatch rates were very low, with hoki making 
up 97% of the total catch on average (Table 3). 

Additional. information on mark composition was provided by other commercial f~h ing  vessels 
in the area. Up to six large factory k z e r  trawlers were Operating in the northeastern part of 
Pegasus Canyon, outside the 25 n.mile limit. These vessels reported catching "clean hoki" from 
midwater ihoki schools (see Figure 5). One vessel camed out a bottom trawl on bottom hoki mix 
type marks in Conway Tmugh and reported "considerable" bycatch of silver warehou, ling, and 
rattails. 

Acoustic lwkscatter from regions corresponding to hoki schools, hold bottom mix, and hoki 
pelagic nii were integrated to obtain acoustic density estimates and all backscatter fmm these 
marks WZj assumed to be from hob. This is consistent with mark identification in Cook Strait 
(O'DriscoU 2Wa, 2002b, 2003). Even though these marks contained a small proportion of other 
species, nospecies decomposition of acoustic backscatter was attempted because of the 
uncertainty associated with the relative catchabilities of different species in the commercial trawl. 

3.3 Distribution of hoki backscatter 

Expanding symbol plots show the spatial distribution of hoki along each transect during the 
seven snapshots of Pegasus Canyon and the one snapshot of Conway Trough (Figure 9). 

For most of the survey, hoki densities were highest in the south end ("'boot'') of Pegasus Canyon, 
and this was where most trawls by independent 1 were made (see Figure 2). Hoki tended to be 
concentrated on the comer ("heel") of the canyon, and on the eastern side. Later in the survey 
(Snapshots 4-7) some hoki schools appeared to move out into deeper water in the northern part 
of Pegasus Canyon (l5gure 9). Outside the 25 nmile limit, these fish were being targeted by 
large factory trawlers. 

Densities of hoki were relatively low in Conway Trough, but there were small patches of hoki in 
areas of untrawlable ground close to the eastern edge of the Tmugh (Figure 9). 

3.4 Hoki size and maturity 

A total of 3412 hoki were measured, sexed, and staged during the acoustic survey. The scaled 
length frequencies of male and female hoki axe given in Figure 10. 

The length frequency of hoki h m  the Pegasus Canyon was very similar to that of hoki sampled 
in Cook !$trait in July-August 2002 (Figure 10). Most fish were between 60 and 90 cm, with a 
mode at 68-75 cm that probably corresponds to hoki from the 1997 and 1998 yearclasses. There 
were also many small male hoki between 45 and 55 crn, probably from the 2000 yearclass. 



The sex ratio in Pegasus Canyon was highly skewed, with males dominating (72% of fish 
sampled were males). This was quite different from Cook Strait where males made up only 
41% of the catch in research tows (O'DriscoU 2003). In both areas, catches from individual 
tows tended to be dominated (more than 70% of total) by one sex, suggesting that hob on the 
spawning grounds may be segregated by sex. 

Almost all hoki sampled were in spawning condition (Table 4). About 41% of female hoki were 
ripe or running ripe (stages 4 md 5). 38% maturing or partially spent (stages 3 and 6). and 21% 
spent @.rage 7). Most d e s  were matun (33%) or partially swnt (54%). The relatively low - 
pkpomon of d g  ripe (stage 5) males (8%) was skprisGg, but there is little doubt that hoki 
were actively spawnine. in Pegasus Canyon at the time of the survey. There was no evidence for a 
change in state during ;his relatively short survey. 

3.5 Hoki biomass estimates 

Mean weight and mean bacbcattering cross-section (obtained by transforming the scaled 
length frequency distributions in Figure 10 and then calculating the means of the transformed 
distributions) were 1.12 kg and 0.0000861 m2 (equivalent to -40.7 dB) respectively, giving a 
ratio to convert hoki hackscatter to biomass, r, of 13 017 kg ~ ' .  

Hoki biomass estimates by snapshot for Pegasus Canyon are given in Table 5 and plotted in 
Figure 11. Biomass was relatively consistent at 60 000 to 108 000 t in Snapshots 1-5, before 
rising to a peak of 137 000 t in Snapshot 6, and then declining to 34 000 t in Snapshot 7. 
Independent I returned to Pegasus Canyon immediately after the survey, and the crew repoaed a 
continued decline in fish density with almost no fish present by 20 September (Ted Goomes, first 
mate, pen. co rn) .  The biomass index obtained from averaging all seven snapshots was 
78 000 t. The biomass estimate from the snapshot of Conway Trough was 16 000 t. 

Most (78%) of the hoki biomass in Pegasus Canyon came h m  hoki schools (Table 5). The 
biomass of hoki in mix marks remained relatively constant throughout the survey, and the 
changes in biomass were due to the changes in the biomass of hoki schools. In Conway Trough 
there was a higher proportion of mixed species marks, and only 27%' of the estimated hoki 
biomass was from schools (Table 5). 

Sampling precision (c.v.) of individual snapshots in Pegasus Canyon ranged between 15 and 
55% (Table 5). The sampling C.V. for the survey varied depending on which of the two methods 
was used to calculate variance. The average of the snapshot variances was 19%. The variance of 
the biomass estimates from the seven snapshots in Pegasus Canyon was 17%. Both estimates 
were wellbelow the target sampling C.V. of 30%. The sampling C.V. for the single snapshot of 
Conway Trough was 21%. 

The sampling precision will greatly underestimate the overall survey variability, which also 
includes uncertainty in survey timing, TS, calibration, and mark identification (Rose et al. 
2000). A Monte Carlo simulation method to combine uncertainties and estimate an overall 
weighting (c.v.) for hoki acoustic surveys was developed by O'DriscoU(2002a), but could not be 
applied to data from this survey because there is no independent information on the timing of 
spawning on the ECSI. 

4. CONCLUSIONS 

The biomass index from Pegasus Canyon was 35% of the acoustic biomass index from Cook 
Strait in 2002 (225 000 t, O'Driscoll2003). The similarity between the length frequencies of fish 
caught in the two areas (see Figure 10) sugge'sts that these were fish fiom the same "stock". 



However, it is unlikely that the fish on the ECSI were the same fish observed in Cook Sh%t The 
two surveys, were separated by only 7 days and spawning was occurring simultaneously at both 
sites. Rather, Pegasus Canyon appears to be a satellite spawning area for hoki resident on the 
Chatham Rise ("'eastern stock"). The implications for hoki stock assessment of the existence of 
significant spawning concenhations away from the main spawning grounds must be considered. 

The acoustic survey of Pegasus Canyon was conducted successfully from an industry vessel 
during routine commercial fishing operations. This may provide a model for future collaborative 
research surveys. However, this appmach is likely to be applicable only for relatively small-scale 
surveys adj.tcent to areas of high catch rates. For example, it was not possible to fully survey 
Conway Trough because there were insacient fish for the vessel to remain in the area and fish 
commercially, and not enough time available during the "processing window" to steam to the 
area, run acoustic transects, and steam back for the next trawl. Future research wiU also be 
limited by the use of a hull-mounted transducer to periods of relatively good weather. 
Consideratiam should also be given to spreading fishing effort through the survey area to improve 
mark identification. 

Spawning hoki on the ECSI appear to be well suited for abundance estimation using 
acoustics. Most of the biomass was in readily identifiible schools, and commercial catches 
caught 97% hoki. Given the significant hoki biomass in this area, I recommend regular 
acoustic surveys of spawning hoki on the ECSI to develop a time series of relative abundance 
indices. Ideally, future ECSI acoustic surveys should overlap with surveys of Cook Strait to 
reduce the ]possibility of double counting. 
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Table 1: Se1:-up and calibration data of the acoustic system wed in the 2002 ECSI hoki survey. 

Echosounder 
Transducer 
Operating 6,quency 
Bandwidth 
Transmit power 
Pulse length 
Ping interva!l 
Sample interval 
2-way beam angle 
Gain 
Sa correction 
Absorption (a) 
Sound velocity 
3 dB beam width 

Alongship 
Athwartship 

Angle sensitivity 
Alongship 
Athwartship 

Angle offsel: 
Alongship 
Athwartship 

Time-varied, gain 

Simrad ES-60 
ES38B 
38OM)Hz 
2425Hz 
2 0 0 0 w  
1.024 ms 
2.0 s 
0.192 m 
-20.6 dB re 1 steradian 
25.17 dB 
-0.68 dB 
8.0 dB k1 
1 500 m s-l 

Table 2: Summary of snapshots carried out in Pegasus Canyon and Conway Trough. No. of trawk is 
the number of wmmercial tows carried out during each snapshot 

Area Snapshot Start time 
Pegasus Canyon 1 3 Sep 05:25 

2 3 Sep 21:50 
3 5 Sep 13:Ol 
4 7 Sep 08:35 
5 8 Sep 0653 
6 9 Sep 07:39 
7 10 Sep 1512 

End time No. of transects No. of hawk 
3 Sep 20:m 9 2 
5 Sep 05:lO 8 5 
6 Sep 16:40 9 6 
8 Sep0103 10 5 
9 Sep M:55 9 3 
9 Sep 1424 9 2 

11 SepW36 11 4 

Conway Trough I* 7 Sep W41 10 Sep 02:42 4 0 

*Snapshot carried out in two parts: on 7 Sep from W41 to 0224, and on 10 Sep from W46 to 0242. 



Table 3: Catch information from commercial trawls carried out in Pegasus Canyon during the' 
2002 acoustic survey of ECSI hoki. Estimated catch weigh@ are from the vessel processing 
records. Trawl positions are shown in Figure 2. 

Station 

1 
2 
3 
4 
5 
6 
'7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

Snapshot 

1 
1 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
5 
5 
5 
6 
6 
7 
7 
7 
7 

Trawl type 

Bottom 
Bottom 
Midwater 
Midwater 
Bottom 
Bottom 
Midwater 
Midwater 
Midwater 
Midwater 
Midwater 
Midwater 
Midwater 
Midwater 
Midwater 
Midwater 
Midwater 
Midwater 
Midwater 
Midwater 
Midwater 
Midwater 
Midwater 
Midwater 
Midwater 
Midwater 
Midwater 

Hoki 

9 780 
5 720 
11 820 
9 899 
11 370 
3 900 
12 000 
10 000 
10 000 
11 812 
9 822 
14 828 
17 866 
18 000 
18 000 
17 950 
8 672 
17 762 
2 785 
19 892 
17 785 
24 741 
17 813 
14 920 
16 920 
17 770 
9 270 

Spiny 
d0gfiih 

100 
120 
100 
95 
500 

loo0 
0 
0 
0 
60 
60 
60 
64 
110 
4 
0 

200 
200 
100 
94 
100 
150 
137 

loo0 
800 
100 
300 

Catch (kg) 
Ling Other 

82 100 
80 80 
30 0 
24 0 
134 0 
100 0 
0 0 
0 0 
0 0 

100 28 
100 18 
100 12 
50 0 
0 0 
0 0 
27 23 
100 21 
100 38 
100 15 
12 2 
100 15 
100 9 
45 7 
100 0 
100 0 
50 0 
200 0 

% Hoki 

97 
95 
99 
99 
95 
78 
100 
100 
100 
98 
98 
99 
99 
99 
100 
100 
96 
98 
99 
99 
99 
99 
99 
93 
94 
99 
93 

Table 4: Gonad stages of hoki caught in commercial trawls in Pegasus Canyon during the 2002 
ECSI awustic survey. Gonad stages are defmed in Appendix 1. 

Stage Description 
1 Immature 
2 Resting 
3 Ripening 
4 Ripe 
5 Running-ripe 
6 Partially spent 
7 Spent 

Males Females 
0 1 
1 2 
18 78 
811 288 
202 111 

1315 290 
89 205 



Table 5: Hoki acoustic biomass athates from the 2002 ECSI s w e y  by snaphot and stratum 
Percentage of the hoki biomass from hoki school marks is also given. 

Biomass Snapshot 
S@ahm Snapshot ('m t) C.V. 

Pegasus Canyon 1 63 31 
2 75 29 
3 60 21 
4 108 50 
5 70 40 
6 137 55 
7 34 15 

% hob biomass 
in schools 

73 
61 
88 
93 
87 
95 
46 

mean 78 19 78 



F i  1: Survey area showing start and finish positions of all acoustic transeets These start and 
finish positions genemJIy correspond with 200 m depth. Stratum boundaries used to determine 
stratum areas are shown by the bold fines. Calculated areas were: Pegasus Canyon, 333 ha; 
Conway Trough, 105 kmz. 



Figure 2: ILocation of commercial trawls d e d  out by Independent I during tbe ECSI acoustic 
survey. Thin Lines are 500 m and 1000 m depth contours. Bold h e  is stratum boundary 
(generally 200 m). 



Figure 3 Echogram showing schools of spawning hoki on a transect across Pegam Canyon at 
0900 NZST on 7 September 2002. 

Figure 4: Echogram showing "plume" marks in Pegasus Canyon at 2345 NZST on 8 September 
2002. Single hoki targets are also visible associated with the plumes. 



Figure 5: Echogram showing hoki "blobs" at  depths from 350600 m in the outer part of Pegasus 
Canyon at 1200 NZST on 9 September 2002. Pelagic layers (not bolo3 at 250-320 m and bottom 
non-hoki marks at  depths greater than 700 mare also present. 

Figure 6: Echogram showing boki marks in Conway Trough at 0010 NZST on 7 September 2002. 
S i e  targets are also visible to the right of the schools. 



F i i  7: Echogram showing hoki bottom mix mark adjacent to a hoki school during Tow 6 in 
Pegasus Canyon at 0930 NZST on 5 September 2002. 

Figure 8: Echogram showing spiny dogflh layer at 300-350 m above hoki schools during Tow 24 
in Pegasus Canyon at 0900 NZST on 10 September 2002. 



Snapshot 1 / /  

Figure 9: Spatial distribution of hoki acoustic backscatter plotted in 10 ping (-100 m) b i i  for 
Snapshots 1 and 2 in Pegasus Canyon. C i d e  area is proportional to the log of the acoustic 
backscatter. Thin lines are 500 m and 1000 m depth contours. Bold line is stratum boundary 
(generally 200 m). 



Snapshot 

F i e  9 cont: Spatial distribution of hoki acoustic backscatter plotted in 10 ping (-100 m) bins 
for Snapshots 3 and 4 in Pegasus Canyon. C i d e  area is proportional to the log of the acoustic 
backscatter. Thin lines are 500 rn and 1000 m depth contours. Bold line is stratum boundary 
(generally 200 m). 



Figure 9 cont: Spatial distribution of hoki acoustic backscatter plotted in 10 ping (-100 m) bii 
for Snapshots 5 and 6 in Pegasus Canyon. C i l e  area is proportional to the log of the acoustic 
backscatter. Thin lines are 500 m and 1000 m depth contours. Bold line is stratum boundary 
(penerally 200 m). 



Conway Trough 

F i e  9 conk Spatial distribution of hoki acoustic backscatter plotted in 10 ping (-100 m) bins 
for Snapshot 7 in Pegasus Canyon and the one snapshot of Conway Trough. Circle area is 
proportional to the log of the acoustic backscatter. Thin lines are 500 m and 1000 m depth 
contours. Bold Line is stratum boundary (generally 200 m). 



Cook Strait males (m = 1366) 

Pegasus Canyon females (f = 973) 

i Cook Strait females (f = 2141) 

Length (cm) 

Figure 10: Scaled length frequencies of male and female hoki caught in commercial tows in 
Pegasus Canyon during the acoustic survey in September 2002. Data are compared to scaled 
length frequencies of hoki caught in research tows during the acoustic survey of Cook Strait in 
July-August 2002 (from O'Driscoll 2003). m (male) and f (female) values refer to numbers of fish 
measured. 



2-Sep 4-Sep 6-Sep 8-Sep 10-&p 12-~ep 

Date 

Figure 11: Estimated hoki biomass by snapshot in Pegasus Canyon over the 2002 survey period. 
The estimated biomass for Conway Trough is shown as a square. 



Appendix 1 : Description of gonad development d for staging male and female hoki 

Research gonad stage 

Immature 

Resling 

Ripening 

Ripc: 

Running-ripe 

Partially spent 

7 Spent 

Males 

Testes small and translucent, 
threadlike or narrow membranes. 

Testes are thin and flabby; 
white or transparent 

Testes are f m  and well 
developed, but no milt is 
present. 

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

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

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

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

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 d i  but eggs are not 
extruded when body is 
squ- 

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 fmm 
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. 


