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EXECUTIVE SUMMARY 

O'DriscoU, RL.; Grimes, PJ.; Hanchet, SM.; Dunford, A. (2005). Acoustic estimates of southern 
blue whiting from the Campbell Island Rise, AugustSeptember 2004. 

New Zealand Fisheries AssessrnentReport 2OOS/4l. 35 p. 

This report summarises the results of the seventh acoustic survey of southern blue whiting (SBW) on 
the Campbell Island Rise. Two snapshots of the main acoustic survey area were carried out during the 
pre-spawning and spawning period h m  30 August to 17 September 2004. Three ''fleet strata'' were 
also surveyed, encompassing areas of commercial fishing. A total of 25 trawls (17 bottom trawls and 
8 midwater trawls) were carried out during the survey for mark identification, and to collect data on 
species composition, length frequency and spawning state of SBW. 

During the first snapshof pre-spawning adult SBW were detected on the northeastern (stratum 8) and 
southern grounds (stratum 7S), with highest densities in the south. A similar adult distribution pattern 
was observed during the second snapshof but high densities of fish were also detected north and east 
of the survey area (strata 8E and 10). The noaheastem aggregation began spawning during snapshot 2 
on about 12 September. Immature SBW were widely distributed h m  360 to 450 m depth in strata 4, 
5, and 7N. Very few juvenile SBW marks were observed. 

Biomass estimates were calculated for adult, immature, and juvenile SBW using the target strength 
(TS) to fork-length (FL) relationship of TS = 21.8 l o g l a  - 72.8, length frequency information from 
commercial and research trawls, and a sound absorption coefficient of 8 dB h-' (which is the method 
used in previous SBW acoustic surveys). A high proportion of the adult biomass in 2004 was outside 
the usual acoustic survey area. The Middle Depth Working Group decided to use two acoustic 
biomass estimates for stock assessment: a best estimate from all strata (including strata 8.8& and 10, 
which were outside the core area), and an estimate based on core strata only (strata 2-7) as a 
sensitivity. The all strata estimate of adult SBW biomass was 98 483 t (c.v. 39%) and the core 
estimate was 39 096 t (c.v. 36%). All juvenile and immahue marks were within the core strata. The 
average biomass estimate from the two snapshots was 12 977 t (c.v. 16%) for immature SBW and 
1481 t (c.v. 6996) for juveniles. 

These categories were decomposed to provide estimates of agel, 2.3, and 4+ fish. The best estimate 
of age 4 and older fish (including strata 8,8E, and 10) was 56 197 f which was '37% of the estimate 
from the previous acoustic survey in 2002 and the lowest since 1994. The estimates of 2 and 3 year 
olds were the second highest in the acoustic time series (after the very strong 1991 yearclass), 
suggesting the 2001 and 2002 yearclasses are above average. The estimate of 1 year olds (2003 year 
class) was average. 



1. INTRODUCTION 

Southern blue whiting (Micromesktius australis) is the basis of one of New Zealand's largest volume 
fisheries, with landings averaging 30 000 t in the last six years (Annala et al. 2004). Southern blue 
whiting (SBW) occur in SubAntarctic waters, with known spawning grounds on the Bounty 
Platform, F'ukaki Rise, Auckland Islands Sheif, and Campbell Island Rise. Fish from the four 
spawning grounds are treated as separate stocks for stock assessment (Hanchet 1998). The largest 
stock spawns on the Campbell Island Rise, with a TACC for this area of 25 000 for the 2004 season. 

Spawning occurs on the Bounty Platform from mid August to early September and 3 4  weeks later in 
the other areas (Hanchet 1998). During spawning, SBW typically form large midwater aggregations. 
Commercial and research fishing on spawhing SBW aggregations results in very clean catches of SBW. 
The occurrence of singlespecies spawning aggregations allows accurate biomass estimation using 
acoustics. 

A programme to estimate SBW spawning stock biomass on each fishing ground using acoustics began 
in 1993. The Bounty Platform, Pukaki Rise, and Campbell Island Rise were each surveyed annually 
between 1993 and 1995 (e.g., Hanchet & Ingerson 1996). After the first three annual surveys ir was 
decided to survey these areas less regularly. The Campbell grounds were surveyed in 1998,2000, and 
most recently in 2002 (Hanchet et al. 2003). The results of these acoustic surveys have been an 
important input into SBW stock assessments for the last decade (e.g., Hanchet 20(n, 2005). providing a 
fishery-independent index of spawning SBW biomass on the major spawning grounds. An acoustic 
survey of the main SBW spawning aggregations on the Campbell Island Rise was also carried out from 
the commercial vessel Aoraki in 2003 (O'DriscoU & Hanchet 2004). but abundance estimates from this 
survey are not currently used for stock assessment (Hanchet ZOOS). 

The main aim of the acoustic surveys for SBW has been to develop a time series of abundance indices 
of recruited fish (i.e., fish that have recruited into the commercial fishery) for stock assessment 
modelling. Because the commercial fishery targets mainly the dense spawning aggregations, the 
recruited f s h  are mostly sexually mature. In addition to the spawning fish, pre-recruit fish ( i t u r e  
1.2, and 3 year olds) are also found in the survey area. 

This report summarises the data collected during the seventh research acoustic survey of SBW on the 
Campbell Island Rise in AugustSeptember 2004 and presents biomass estimates (Objective 1 of 
Minishy of Fisheries Research Project SBW2003102). Results of experimental work on SBW target 
strength (Objective 2) will be reported separately. 

2. METHODS 

Various acoustic survey designs for SBW stocks were investigated by Durm & Hanchet (1998) and 
Dunn et al. (2001). These two simulation studies showed that optimal survey design would use 
proportional sampling, where the underlying distribution of the fish is already known and the 
sampling effort is proportional to the fish density. In the absence of this information, they concluded 
that two-phase sampling strategies should be used, with up to 20% of transects assigned to the second 
phase. Information on the distribution of the fish at the time of the survey is available £tom the 
location of the fleet andlor the results of the first acoustic snapshot of the area. During recent surveys 
of the Campbell Island Rise, information from both sources has been used to redefine the survey shata 
and the associated sampling effort for snapshot 2 (e.g., Hanchet & Grimes 2001, Hanchet et al. 2003). 

The success of this twc-phase survey design in estimating adult SBW abundance on the Campbell Island 
Rise has been mixed. M g  the 1998 and 2000 surveys the design was very successful and resulted in 



biomass estimates with c.v.s of less than 20% (Hanchet et al. 2000b. Hanchet & Grimes 2001). 
However, the survey canied out in 2002 using the same design failed to meet the target C.V. (Hanchet 
et al. 2003). The main reason for the high C.V. in 2002 was that most of the backscatter in each 
snapshot came froma single transect. Hanchet et al. (2003) recommended the following modifications 
to the survey design to overcome this problem in the future. 

7 7:: 

Where appropriate, the main aggregation should be repeatedly sampled using several 
snapshots (as in 1998). 

0 Real time estimates of transect densities should be calculated on board the ship at the time of 
the survey. 
Shatum 7 should be subdivided into two separate strata for snapshot 1. 
Future surveys continue to start in late August to allow for an early start of the spawning 
season on the Campbell grounds. 

In 2004, we again used a twephase survey design, but incorporated the modifications recommended 
bv Hanchet et al. (2003). The initial stratification for snapshot 1 (Figure 1) was based on that used in 
pkvious surveys i f  the-area (Hanchet & Grimes 2001, &chet i t  2.2003) with two changes. In the 
past three surveys, the southern spawning aggregation had been confined to a small area in the 
southernmost part of stratum 7, so we split this stratum into two (at 53O S), as recommended by 
Hanchet et al. (2003). The eastern boundary of the survey area was also extended with the addition of 
a new stratum 8 because spawning aggregations were observed to the east of stratum 7 in U)02 and . 2 ., 

2003 (Hanchet et al. 2003, O'Driscoll & Hanchet 2004). 
.. . 

We aimed to carry out two snapshots of the Campbell Island Rise. To achieve an overall target C.V. of 
30% (as specified by Wish) required individual snapshot c.v.s of about 40%. Optimal allocation of 
transects to strata was determined by examining the location of historical fishing effort and acoustic 
survey results. The proposed phase 1 transect allocation for snapshot 1 in 2004 nable 1) was similar 
to the allocation used for the last three surveys, but gave a slightly higher weighting to strata 4 and 7s. 
which were the most consistent areas of high SBW density in recent years. 

Up to six transects were set aside for phase 2 in snapshot 1. Approximate transect density estimates 
were examined in real time during the survey, and phase 2 transects were allocated to strata with the 
densest marks. To minimise problems of fish movement between phases, and to avoid excessive 
steaming time, the phase 2 transects were carried out whilst phase 1 was still in progress. During the 
first mapshot, the densest marks in the northern area were seen in stratum 8, and so an additional 
three phase 2 transects were allocated there. A dense aggregation was also detected on two transects 
in the southem area (stratum 7s). Rather than add additional phase 2 transects in this stratum in 
snapshot 1, we revised the sbratification (see below), and immediately began snapshot 2. 

The stratification and allocation of transects in snapshot 2 (Figure 1, Table 1) was adapted to reflect 
both the fish distribution in snapshot 1 and the reported positions of the fishing fleet 2). In the 
southern area, the northern boundary of stratum 7s was shifted south from 53" 00' to 53" 12' S to 
better reflect the distribution of fish. Eight short (13 n. mile) north-south transects were allocated to 
the revised stratum 7s  in snapshot 2. The other changes to the stratitication for snapshot 2 were in 
stratum 8 (see Figure 1). The original stratum was divided into two (8N and 8s) by a line at 52' 12' S. 
A new stratum (8E) was also added to the east of stratum 8N because of repoas that there were 
vessels fishing out to 172' E 2). Because we did not survey stratum 8E in snapshot 1, we 
carried out two snapshots of this stratum during snapshot 2. There were dense marks on one of the 
three transects in stratum 6N, and so an additional two phase 2 transects were added to this stratum in 
snapshot 2 (see Table 1). 

Addition of phase 2 transects may not be sufficient to reduce c.v.s below target levels (as was the case 
in 2002). To reduce the possibiity of this occurring again in 2004, we aimed to carry out additional 



acoustic snapshots of the main aggregation(s) from the industry vessel Aoraki fitted with a Simrad 
ES-60 echosounder and hull-mounted mducer ,  using the approach hided successfully in 2003 
(O'Driscoll& Hanchet 2004). Unfortunately, due to a tragic fatal accident involving one of the crew 
shofly after the vessel arrived on the fishing grounds, no acoustic data were collected from Aoraki. 
Instead, we surveyed three additional "fleet strata" from Tangaroa during snapshot 2 on 14-16 
September (see Figure 1). The first (stratum 8F) was around the main area of comme~cial fishing on 
the noaheastem aggregation (within strata 8E and 8N) and consisted of eight 8 n. mile north-south 
transects across the main tow-paths of the fleet (based on our observations on radar on 13-14 
September). The second fleet stratum (stratum 9) was to the north of the main survey area at about 51" 
30' S 171" 30' E (p~gure 1). TImx. New Zealand vessels reported fishing in this area from about 4-8 
September @~lgure 2). The third fleet stratum (stratum 10) was a very small area adjacent to stratum 
3s. 

2.2 Acoustic data collection 

All tmsects were carried out using NIFIA's CREST 38 kHz towed body acoustic system (Coombs et al. 
2003) deployed fium Tangarw. Only one towbody flowbody 2) was used during the survey. The 
acoustic system was calibrated during the survey in Perseverance Harbour at Campbell Island on 10 
September. A deep calibration of Towbody 2 was also canied out before this swey in July 2M4. Details 
of the acoustic system and its calibration are provided in Appendix 1. 

Transect locations were randomly generated (using NIWA's "rhan'' program), and were carried out at 
right angles to the depth contouts (ie., from shallow to deep or vice versa). The minimum distance 
between transect midpoints varied between strata. and was calculated as follows: 

where m is minimum distance, L is length of stratum, and n is number of mnxcts. At times the direction 
of transects was altered to allow the survey to continue despite poor weather conditions. 

The swey area extended from the 300 rn depth contour in the west to its eastern boundary, which varied 
in depth from about 480 to 600 m. Transects were nm at speeds of 8-10 knots with the acoustic towbody 
deployed 50-100 m below the surface. There is no evidence for a strong die1 variation in SBW 
backscatter on the Campbell grounds (Hanchet et aL 2000a), so tnuwcts were canied out during day and 
night. Acoustic data collection was intempted between mnxcts for markidentification trawls. 

2.3 Trawling 

Trawling was cauied out for mark identification and to collect biological data Midwater marks were 
targeted with one of two pelagic trawls: the NIWA 119 hoki midwater trawl (headline height, 40 m; 
codend mesh, 40 mm), or the new mesopelagic trawl purchased in 2003 (headline height, 18.5 m; 
codend mesh, 10 mm). Bottom marks were targeted using the orange roughy wing trawl (also called 
the 'ratcatcher'; headline height, 3.5 m; codend mesh, 32 mm). 

Most target identification work was focused at: 
1. establishing species mix proportions away from dominant heavy marks, which are easily identified 

as SBW, 
2. distinguishing less dense adults marks from pre-recruit marks in areas where they occur in similar 

depths, 
3. identifying the size and age composition of SBW in the less dense pre-recruit marks including 1,2, 

and immature 3 year old fish; 



4. separating the small schooling midwater fish such as the common lantemfish (Lmnpanyctodes 
hectoris) and pealside (Maurolicu~ muellen] from the moderately dense schools of pre-recruit 
SBW when they are in the shallower part of their depth range and close to the bottom; 

5. obtaining a sample of adult SBW in areas which were not beiig fished by the commercial fleet. 

Tmwling was carried out only between 1200 and 2400 NZST to reduce staffing costs. Acoustic 
recordings were made of a l l  trawls using the 12 kHz and 38 kHz hull-mounted CREST acoustic 
system, but these data were not analysed quantitatively. 

For each trawl all items in the catch were so& into species and weighed on Seaway motion- 
compensating electronic scalas 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 SBW and 50-200 of other important species fiom every tow was measured. In most tows 
the sex and macroscopic gonad stage of all SBW in the length sample were also determined. More 
detailed biological data were collected on a subsample of up to 20 SBW per trawl, and included fish 
length, weight, sex, gonad stage, gonad weight, and occasional observations on stomach fullness and 
contents, and prey condition. Otoliths were also collected h m  up to 20 SBW per trawl to augment 
those collected by the scientific observer programme. 

Estimated SBW length kquencies were constructed by scaling length fkquencies from individual tows 
by the SBW catch in the tow. 

2.4 Target strength data collection 

In situ target strength (TS) data were collected from pre-spawning SBW in the southem aggregation 
(stratum 7s) on 7-8 September. The towbody was lowed as close as possible to the aggregation and 12 
hours of acoustic data were collected hrnU:W to 11:00 NZST. 

The aim was to collect multiple acoustic pings from each SBW target to determine the oriatation 
(swimming angle) of individual fish. This informath would help to resolve differences between in situ 
and swimbladder model estimates of SBW TS (Dunford 2003). To maximise the number of pings 
obtained from each SBW, the vessel speed was as slow as possible. However, weather conditions dmhg 
the TS exgeriment were not ideal (%35 hots of wind and a 2 m swell), and it was not possible to drift 
slowly over the aggregation as originally planned because the towbody pitched too much. Instead, we 
steamed slowly over the marks at speeds of 2.5-4 hots, nmning with the weather. 

The size and species composition of the marks was confirmed by midwater trawling before and after the 
acoustic data collection. 

2.5 Other data collection 

A Seabird SM-37 Microcat CI'D datalogger (serial number 2958) was mounted to the headline of the net 
during most bottom trawls to collect temperature and salinity data, which were then used to estimate the 
acoustic absorption coefficient during the survey (Appendix 2). 

2.6 Commercial catch data 

Additional information on the smies composition, size, and spawning state of adult SBW in the survey 
area was obtained from commercial catch data collected by scientific observers. Data from the 2004 
fishery were extracted from the Ministry of F~heries Observer database in December 2005. Scaled 
length frequency distributiom were calculated as the weighted (by catch) average of individual length 



samples. Data on female gonad stage (using the five stage system given by Hanchet (1998)) were 
summarised by date. 

2.7 Acoustic data analysis 

Acoustic data collected during the survey were analysed using standard echo-integration methods 
(MacLennan & Simmonds 1992). as implemented in NIWA's Echo Sounder Package wl?2) 
software (McNeiU2001). 

Echograms were visually examined, and the bottom determined by a comb'mation of an in-built 
bottom tracking algorithm and manual editing. Regions were then defined corresponding to different 
acoustic mark types. Following the approach used in previous years, SBW acoustic marks in the 2004 
survey were initially classified into adult (recruited fish), immature (mainly 2 year olds), and juvenile 
(1 year olds). Marks were classified subjectively, based on their appearance on the echogram (shape, 
structure, depth, strength, etc.), and using information from research trawls. Hanchet et al. (2002) 
provided representative examples of the different mark types. 

Backscatter from regions identified as SBW was then integrated to produce an estimate of acoustic 
density (ma). Acoustic density was output in two ways. F - t ,  average acoustic dens'ity over each 
transect was calculated. These values were used in biomass estimation (see Section 28). Second, 
acoustic backscatter was integrated over 10-ping b i i  (vertical slices) to produce a series of acoustic 
densities for each transect (typically 1GU-700 values per transect). These data had a high spatial 
resolution, with each value (10 pings) conesponding to about 100 m along a transect, and were used 
to produce plots showing the spatial distribution of acoustic density (see Section 3.3). 

2.8 Biomass estimation 

Acoustic density estimates were conveaed to SBW biomass using the d o ,  r, of mean weight to 
mean backscanering cross-section (linear equivalent of target strength) for each category (adult, 
immature, and juvenile fish). The ratios for juvenile and immature categories were calculated h m  the 
scaled length kquency distributions of SBW from research trawls by T a n g m  during the survey. 
The ratio for adults was calculated using the length 6requency distribution of the commercial catch 
fiom observer data. There were differences in the size distribution of fish caught by commercial 
vessels fiom the northem and southem aggregations (see Section 3.4) so two adult ratios were 
calculated based on trawls north and south of 53' S. 

Acoustic target strength was derived using the target strength to fork length flS-FL) relationship used 
in previous SBW acoustic surveys (e.g., Hanchet et al. 2003). This is the TS-FL relationship used for 
blue whiting in the northern hemisphere given by Monstad et al. (1992): 

where TS is in decibels and FL is in cenfimetres. 

Results fiom recent New Zealand swimbladder modelling studies and SBW in situ data suggest that 
this relationship is not appropriate for SBW (Dunford 2003). A preliminary estimate of a new TS-FL 
relationship was proposed by Dunford (2003). which has a steeper slope and gives a higher target 
strength: 



The TS-FL relationship used in previous years (Equation 1) was retained in the current analysis 
because the Middle Depth Working Group in 2004 did not accept the new relationship proposed by 
Dunford (2003) @quation 2). Because the abundance indices are used only in a relative sense in 
modelling, a change in the intercept would not affect the relative indices (although it would affect the 
acoustic 4). However, if there were a different slope this would affect the use of the indices even in a 
relative sense. 

SBW weight, w (in grams), was determined using the combined length-weight relationship for 
spawning SBW fromHanchet (1991): 

Mean weight and mean backscattering 6s-section (linear equivalent of TS) for each category 
(northern adult, southern adult, immature, and juvenile) were obtained by transforming the scaled 
length frequency distxibution for both sexes c o m b i i  by Equations 3 and 1 respectively, and then 
calculating the means of the transformed diseibutions. 

Biomass estimates and variances were calculated from transect density estimates using the formulae 
of Jolly & Hampton (1990). The mean SBW strahun density for each category was multiplied by the 
stratum area to obtain biomass estimates for each stratum, which were then summed over all strata to 
produce an estimate for the snapshot. The two snapshots were averaged to produce the survey 
estimate. The sampling precision (c.v.) of the mean biomass estimate from the survey combined the 
variance from each snapshot, assuming that each snapshot was independent Note that the sampling 
precision will greatly underestimate the overall survey variability, which also includes uncertainty in 
acoustic deadzone, TS, calibration, and mark identification (Rose et al. 2000). 

Biomass estimates in adult immature, and juvenile categories were then decomposed to provide 
estimates of 1.2.3, and age 4+ fish using the length frequency data together with the age-length key 
derived from commercial and research tows on the Campbell Island Rise in 2004 following W h e t  
et al. (UXXFc). 

3. RESULTS 

3.1 Data collection 

A total of % acoustic transects was canied out during the two snapshots of the Campbll Island Rise and 
an additional 17 transeas were completed in the three fleet strata (Table 1). Tmrguroa arrived on the 
Campbell Island grounds before most of the commercial fishing fleet. The first acoustic snapshot was 
completed between 30 August and 6 September. The second snapshot started immediately after 
snapshot 1 on 7 September and finished on 17 September, but was interrupted to carry out a target 
strength experiment on the southern aggregation and to calibrate the acoustic equipment in 
Perseverance Harbour on Campbell Island. The loss of all of the final day on the survey grounds (18 
September) because of bad weather meant that it was not possible to complete all trans& in strata 2 and 
3N in snapshot 2 (Table 1). The CRESTacoustic systemperformed very well and no survey time was lost 
due to hardwme or software faults. 

There were 25 trawls to identify targets and collect biological samples (Table 2 3). Tow length 
rauged from 0.16 n. miles when targeting dense marks, to a maximum of 2.0 n. miles when targeting less 
dense ma& or background layers (Table 2). The total trawl catch was 11 418 kg. Trawls caught a wide 
range of species, but the total catch was dominated by southern blue whiting (69% of total catch, see 
Table 2). The next most abundant species were javelinfish (9%), ling (6%). pale ghost shark (4%). and 
silverside (3%). 



Thiaeen acoustic tiles were recorded during 12 horn of in situ target strength (TS) data collection. There 
were up to three clear modes in the TS data (at about -3Z4Z and -50) on the CREST display and the 
relative height of the modes varied between files. Midwater trawling (with bottom contact) before (tow 
12) and after (tow 13) the TS experiment caught 700 and 900 kg of pre-spawning SBW respectively, with 
little bycatch (see Table 2). Them was a broad length frequency distribution with two modes at about 32 
cm and44 cm. These data will be analysed to help refme the length-TS relationship for SBW. 

F h  CTD protiles were. obtained in conjunction with bottom trawls, and these were. used to estimate 
the absorption coefficient during the survey (see Appendix 2). The water column was unsWed with 
s&e temperatures ranging between 7.1 and 7 3  OC. 

3.2 Mark identification 

Marks types were generally similar to those described for SBW on the Campbell Island Rise by Hanchet 
et al. (2002). 

As in previous years, most ofthe adult marks were easy to identify by their ~ c e  and lccation in the 
water columa Marks in both the soutbem (stratum 7s) and nortbeastem (stratum 8) areas during snapshot 
1 were characteristic of pmspawning adult SBW (Figure 4). Spawning began during snapshot 2 about 14 
September (see Section 3.4). Ma& in shata 8F and 10 on 15-16 September were characteristic of 
spawning SBW (Figure 5). with night-time marks obsaved within U10 m of the surface (in 525 m water 
depth). Trawls on pre-spawning adult SBW marks were made in stratum 8 (tow 6). strahrm 7 s  (tows 9- 
13), and shatum 8E (tows 20 and 21). 

Most mark identification work focused on the less dense pre-rentlit SBW marks and other light 'fuzz' 
marks seen in the survey area. Juvenile (1 year old) SBW were caught mainly in 300-360 m in stratum 2 
(tows 1 and 25). Immahue 2 year old SBW (with a mixture of 1.3, and 4 year olds) were caught in 360- 
450 m in strata4 and 5 (tows 2,7,8,15, and 22). 

Several trawls were targeted at marks that were not SBW. As in earlier surveys (Hanchet et al. 2002), 
dense marks in shallow water were found to contain mainly silvaside (tow 14). S e v d  'background' 
trawls were made in 400-500 m. These generally yielded low catches of SBW (tows 3.16, and 17). In 
several transects (particularly in strata 7 and 8) a continuous thin layer of fish marks was seen on the 
bottom in water deeper than 500 m. This layer consisted mainly of javelinfish, pale ghost shark, and ling 
(tows 5, 18, and 19). 

Mesopelagic fish were common throughout the survey area During the day, the marks usually appeared 
as a band of small schools 20-150 m above the sea-bed. At night, this band of marks rose to form a layer 
within 100-300 m of the surface. We canied out two trawls (tows 23 and 24) on these marks using the 
mesopelagic hawL These tows caught mainly myctophids h m  the genera Lmnpmrycfodes and 
Protomyctophwn. as well as smallernumbers of other myctophids and pearlsides (Mmtrolicus rmstmlis). 

In summary, the size dishibutions from the research trawls were used to assign the main SEW marks seen 
during the survey into the foUowing categories. 

Characteristic moderately dense marks in 3W360 m depth were the juvenile SBW category (1 
year old). 
Characteristic light marks in 360450 m depth were the immature SBW category (mainly 2 year 
old). 

a Dense marks in water deeper than 450 m were the adult SBW category. 

No species decomposition of acoustic backscatter was attempted because of the small number of trawls 
and uncertainty associated with the relative catchabilities of different species. All backscatter from SBW 



marks was assumed to be h m  SBW, which was consistent with mark identification in previous years 
(Hanchet et al2003). This approach will lead to a positive bi i ,  particularly in the estimates of juvenile 
and immature SBW because the trawls targeted at juvenile and immature marks caught a high proportion 
of other species (see Table 2). In previous surveys, even trawls on dense juvenile marks caught as little as 
60% SBW (Hanchet et al. 2002). Further bawling on juvenile and immature SBW mark types with a 
variety of gears is required in future surveys to help improve estimates of species composition. 

I 3.3 Distribution of SBW backscatter 

Expanding symbol plots show the spatial distribution of adulf imma- and juvenile SBW along each 
hamect during the two acoustic snapshots of the main survey area figures 6-8) and the distribution of 
adult SBW in the fleet stntta @gure 9). No immature or juveniles marks wen? observed in the fleet strata. 
Note that there were two snapshots of stratum 8E during snapshot 2 (see Table 1). but for analysis and 
plotting the fust snapshot of stratum 8E was treated as pm of snapshot 1. 

During the h t  snapshot the main adult marks in the northem area were seen in stratum 8 (see Figure 6). 
A Russian vessel arrived on 2 September, as we were.finishing the phase 2 transects, and started fishing 
this aggregation. Several dher vessels (including A o d ]  arrived after we left the area and qorted that 
there were also SBW marks north and east of the stratum 8 boundary (see F i  2). No adult marks were 
seen in strata 5 and 6, but a dense aggregation was detected on two hause& in the southem area (shatum 
7s). Three Japanese vessels arrived and began fishing on the southem aggregation on 6 September. 

The location of the southern aggregation was similar in snapshot 2 Fuh were observed on five inner 
hamects, but not on the outer transects, suggesting that the southem aggregation was fully encompassed 
within the revised stratum 7s  boundaries (see Figure 6). Few adult SBW marks were found in stratum 8S, 
but there were scattered adult marks over a relatively wide area in strata 8N and 8E during snapshot 2. 
During our survey of this area on 13-15 September, a fleet of up to 10 vessels was fishing in stratum 8E 
There were also dellse marks on one of the three transects in stratum 6N and three commercial vessels 
were present when we surveyed this area on 12 September. 

Adult SBW marks were observed along five of the eight transects in the fleet stratum8F mlgure 9). Three 
New Zealand vessels reported fishing in shatum 9 h m  about 4 to 8 September (see figure 2). However, 
we did not observe any SBW marks when we canied out three short transects on 15 September. Dense 
spawning marks were observed in stratum 10 on 16 September. Initially only three vessels were 6shing 
on these marks, but the entire fleet mved to this area before we had completed our six transects and 
stayed until 20 September (see Hgure 2). 

Immure SBW marks were found in both snapshots in strata 4.5. and 7N (see F m  7). Some of the 
marks in stratum4 during snapshot 2 were moderately dense. In contrast, very few juvenile (1 year old) 

% 
SBW marks were seen during the survey (see Hgure 8). 

I a 

3.4 SBW size and maturity 

Length, sex, and gonad stage were determined for 4109 SBW during the survey. The scaled length 
frerluencies from research tows on adult, immature, and juvenile marks are shown in Hgure 10 and 
compared to the scaled length &quency distribution of the commercial catch h m  observer data. There 
was a high propoItion of males fiom 30 to 34 cm (2001 and 2002 yearclases), and of females fiom 34 to 
37 cm (mainly 2001 yearclass) in the research catch h m  adult aggregations. The commercial fleet also 
caught a high propdon of small fish during the spawning f i shq  in 2004, particularly south of 53" S. 
The average size of fish caught commercially from the notthem aggregation (scaled mean length for both 
sexes combined = 40.3 cm) was 3.5 cm larger than fish caught in the south (- length = 36.8 cm) 

. .. 



(Table 3). Most immature fish in research tows were from27 to 35 cm, with almost all juveniles less than 
25 cm (Figure 10). 

The timing of spawning in 2004 was similar to that in 2003 and later than in 2002. The threshold of 10% 
running ripe females was first reached in research tows on 12 September @gure 11) and in 
commercial tows on 14 September mgure 12). Fish examined before 12 September had not already 
spawned because ovaries were still large and contained no residual owlated eggs. RuMing ripe males 
were also observed in research tows from 12 September (see Figure 11). Inferences about spawning 
season based on research data must be treated with caution because of the small number of tows and 
also because much of the fishing was outside the main spawning aggregations. Data from observers 
on commercial vessels provide better information on the timing of spawning. There were two 
spawning events in 2004, with a high proportion of &g ripe females recorded between 14 and 18 
September and then again fmm 27 to 30 September (l3gure 12). 

3.5 SBW blomass estimates 

The values of r for each SBW category based on the length frequency distributions in Figure 10 were 
2954 kg ~2 for adults north of 53" S, 2727 kg m2 for adults south of 53" S, 2199 kg m'Z for immature 
fish, and 1653 kg ~' for juveniles (Table 3). 

SBW biomass estimates by snapshot and stratum calculated using 'standard methods' (Momtad et al. 
(1992) TS, sound absorption coefficient of 8.0 dB Ian-', and no towbody motion correction) are given in 
Table 4. The estimates in Table 4 are comparable with those from previous SBW acoustic surveys on the 
Campbell IslandRise (e.g., Hanchet et al. 2003). 

The adult biomass estimate was 66 048 t (c.v. 40%) in snapshot 1 and 46 284 t (c.v. 34%) in snapshot 
2. A high proportion of the adult biomass in 2004 was outside the usual acoustic survey area. The 
average adult biomass in core acoustic strata (strata 2-7) was 39 096 t (c.v. 36%). which was only 
27% of the estimate of 164 300 t (c.v. 70%) from the previous survey in 2002 (Hanchet et al. 2003). 
Including strata 8 and 8 8  which were surveyed in both snapshots in 2004, increased the adult 
biomass estimate to 56 166 t (c.v. 28%). 

The fleet stratum 8F was within the extended survey area (see figure 1) and the biomass estimate for 
this stratum of 6836 t was similar to the two snapshot estimates for 8E of 3835 and 8656 t. Therefore, 
it was not necessary to include this fleet stratum in the biomass estimate. However, there wes 
signifcant adult biomass of 42 317 t (c.v. 83%) during snapshot 2 in fleet stratum 10, which was 
outside the survey area (see Figure 1). Commercial vessels also reported SBW aggregations outside 
the survey area during snapshot 1 in the area of fleet stratum 9 (see Figure 2). We did not observe 
adult marks in this area during snapshot 2 (see Figure 9) and it is possible that the fish had moved 
west into strata 10 and 6N. Adding the single estimate for stratum 10 to the average biomass from the 
two acoustic snapshots increased the adult biomass estimate to 98 483 t (c.v. 39%). Treatment of fish 
outside the survey area is discussed in more detail in Section 4.2. 

Biomass estimates for immature SBW in snapshots 1 and 2 were 11 720 t (c.v. 24%) and 14 233 t 
(c.v. 21%) respectively. Biomass estimates for juvenile SBW were 1371 t (c.v. 74%) and 1592 t (c.v. 
65%). All jwenile and immature marks were within the core strata (skata 2-7). The average biomass 
estimate fromthe two snapshots was 12 977 t (c.v. 16%) for immature SBW and 1481 t (c.v. 69%) for 
juveniles (Table 4). 

The effect on biomass of increasing the s o d  absorption from 8.0 to 9.39 dB km' (which was the value 
calculated from CTD casts in Appendix 2), and also of implementing a correction for towbody motion is 
shown in Table 5. Changing the absorption increased biomass estimates by 9-33%. The maguitude of the 
change was dependent on the average depth of the SBW marks. there was a larger effect when mark 



were deeper. Implementing the towbody motion correction further increased biomass by 515%. The 
magnitude of the change due to motion correction was related to mark depth (larger effect with increasing 
depth) and weather and sea conditions (larger effect in poor weather when there was greater towbody 
motion). 

The decomposed biomass estimates by age class are shown in Table 6. The UX)4 biomass estimates for 
age 1,2,3, and 4+ SBW (including strata 8,8E, and 10) were 1512 t, 17 327 t, 34 527 t, and 56 197 t 
respectively. No estimates of C.V. were available for estimates of biomass by age. A statistical method to 
calculate c.v.s for decomposed biomass estimates is cmntly b e i i  investigated. 

4. DISCUSSION 

4.1 Timing of the survey 

The timing was shifted forwards by about a week in 2002 to try to ensure that the fish were surveyed 
before and during spawning (Hanchet et al. 2003). and this earlier timing was retained in 2004. 
Spawning began on about 14 September, midway through snapshot 2. Thus, the survey timing in 
relation to the spawning season was consistent with previous surveys (Figure 12). 

4.2 Variability between snapshots 

Biomass estimates were relatively consistent behveen the two snapshots (see Table 4). There was a 
dmp in adult biomass in stratum 7S from 39 793 t in snapshot 1 to 22 759 t in snapshot 2. This was 
largely due to the refinement of the stratum boundaries for the second snapshot, which decreased the 
stratum area and reduced the C.V. from 61% to 43%. Adult SBW marks were observed in the northern 
part of strahlm 8 in snapshot 1, but few fish were observed in stratum 8N in snapshot 2. It seems 
likely that at least some of the fish in this area moved west, where they were detected in stratum 6N in 
snapshot 2. S i a r l y ,  there were vessels fishing northeast of stratum 8 during snapshot 1 (see Figures 
1 and 2). but we did not observe marks in stratum 9 during snapshot 2. These fish may also have 
moved west into stratum 10. 

There was only one snapshot of the spawning aggregation in stratum 10. In hindsight, this was 
unfortunate as the biomass estimate from this stratum was high (42 317 t) despite the very small 
stratum area (124 ha). In the initial survey design, we intended that aggregations such as that in 
shatum 10 would be surveyed repeatedly h m  a commercial vessel. The loss of the Aoraki due to 
unforeseeable circumstances early in the survey period meant that this was not possible, and the C.V. 
for the adult biomass estimate including stratum 10 exceeded the msh target of 30% (see Table 4). 

4.3 Treatment of fish outside the SUNey area 

As in 2002 (Hanchet et al. 2003) and 2003 (O'Driscoll & Hanchet 2004). SBW aggregations were 
observed east of the core survey area (strata 2-7) in 2004. Stratum 8 was added-before the 2004 
survey in an attempt to encompass the eastern aggregation, and this was extended with the addition of 
stratum 8E during the survey. Fish were also observed east of stratum 3S in stratum 10. 

There are two possibiities regarding the observed distribution of fish outside the core area: (1) the 
northern aggregation had moved further east and was spawning outside the survey area; (2) the fish 
which previously had spawned in.the nbrthem area had been depleted and the fish observed outside of 
the core area represent a new unsurveyed part of the population. Under hypothesis 1, the biomass 
estimate used in the assessment model should include all fish surveyed because it implies that the 
proportion of the surveyed population within the core area has changed. Hypothesis 2 implies that the 



proportion of the total biomass within the core area has remained unchanged and that the biomass 
estimate used in the assessment model should include only those fish surveyed in the core area. 

Hanchet (2005) examined recent commercial catchieffort and length frequency data from 1997-2004 
to assess which hypothesis was more likely. This analysis showed that the distribution of the fishery 
has clearly changed since 2002, with the fleet fishing further east in 200204. SBW caught from the 
eastern aggregation (outside of the core area) had a similar size distribution to those caught in the 
north within the core area. If the northern aggregation had experienced high exploitation while the 
eastern aggregation had experienced little or no exploitation, the size or age structures of the two 
aggregations should differ. Since this was not the case, the results provided support for hypothesis 1, 
but did not rule out hypothesis 2 (Hanchet 2005). 

The Middle Depth Working Group agreed that two estimates of biomass from the 2004 survey should 
be carried forward for assessment of the Campbell SBW stock: the estimate including strata 8, 8E, 
and 10 as the base w e ;  and the estimate for the core acoustic strata only (strata 2-7) as a sensitivity. 
Hanchet (2005) presents the stock assessment results. 

4.4 Comparison between years 

The time series of decomposed biomass estimates at age for the Campbell Island grounds are 
summarked in Table 7. The best estimate of age 4+ fish in 2004 (including strata 8,8E, and 10) was 
56 197 t, which was only 37% of the estimate from the previous acoustic survey in 2002 and the 
lowest since 1994. If only core strata were considemi, the estimate of age 4+ fish (17 283 t) was only 
12% of the 2002 estimate. The best estimates of 2 and 3 year olds were the second highest in the 
acoustic t h e  series (after the very strong 1991 year-class), suggesting the 2001 and 2002 yearclasses 
are above average. The estimate of 1 year olds (2003 year class) was average. 
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Table 1: Summarg of tramffts canied out during the 2004 acoustic survey of the Campbell Island Rise. 
Stratum boundaries are shown in Figme 1. Number of additional phase 2 tranreets are shown in ~ t h e ~ g .  

Snapshot 1 (30 Aug - 6 Sep) 
Shtum Area Transecls 

(lrm2) 

2 3 154 5 
3N 2 342 3 
3s 1013 4 
4 2 690 5 
5 3 W  4 
6N 1 150 3 
6s 3025 3 
7N 1899 4 
7s 2 273 5 
8 2 888 3 (3) 

Snapshot 2 (7-17 Sep) Fleet strata (14-16 Sep) 
Stratum Area Trausects Stratum Area TraasectF 

Total 42 54 17 

*TWO slapshots of stratum 8E, each with 5 hmxcti, we+c canicd out on 13-14 Septemba during mpshot 2. 



Table 2: Trawl station details and catch of the maln species durlng the 2004 amustic survey of the Campbell Island Rise. Tow positions are plotted in Figure 3. Trawl 
type: BT, bottom; MW, midwater; MP, mesopelagic Species: SBW, southern blue whiting; JAV, Jave-h; LLN, Ung; GSP, pale ghost shark; SSI, silverside; 
CAS, oblique banded rattall; HAK, hake. 

Gear Mark 
Tow Date type Stratum We 
1 30-Aug-04 BT 2 Juvenile 

Immature 
Background 
Background 
Background 
Adult 
Immature 
Immature 
Adult 
Adult 
Adult 
Adult 
Adult 
Silvmide 
Immature 
Background 
Background 
Background 
Background 
Adult 
Adult 
Immature 
Mesopelagic 
Mesopelagic 
Juvenile 

Start Start Max tow Tow length Catch ( k a  
latitude longitude depfb (rn) (n. mile) SBW JAV LIN GSP SSI CAS HAK Total 

*Ne t  window burst. 



Table 3: Estimates of the ratio, r, used to convert SBW backscatter to biomass (see Section 2.8 for details). 
Values are derived from the scaled length hquency distributiom in Elgum 10. Dierent ratios were wed for 
adult marks north and south of 53" S. a icr the amustic badrsealtering cwffident 

c a % J r ~  Data some No. of Mean length Mean weight Mean a MeanTS r 
trawls ( 4  (kg) (m2) (dB) (kgd? 

Adult (north) Commercial 110 40.3 0504 0.000171 -37.7 2 954 
Adult (south) Commercial 9 36.8 0382 0.000140 -385 2 727 
Immature Research 5 30.5 0.200 O.OW091 -40.4 2 199 
Juvenile Research 2 227 0.079 0,000048 -43.2 1653 

Table 4: Biomass estimates (t) and cv. by stratum and snapshot of juvenile, immature, and adult SBW, 
for the CampbeU Island Rise in 2004. The italieised entries in snapshot 2 were obtained from snapshot 1 
because only one trsnseet was completed in each of these strata in snapshot 2. 

Juvenile 
Stratum Area Biomass (t) . C.V. 

(Irrn2) (%) 
Snapshot 1 
2 3 154 1371 74 
3N 2 342 0 
3s 1013 0 
4 2 690 0 
5 3 029 0 
6N 1 150 0 
65 3025 0 
7N. 1 899 0 
7s 2 273 0 
8 2 888 0 
8E* 1739 0 
Total 25 202 1 371 74 

Snapshot 2 
2 3 154 
3N 2 342 
3s 1013 
4 2 690 
5 3 029 
6N 1 150 
6s 3025 
7N 2 980 
7s  1 192 
8N 1436 
8s 1452 
8E 1739 
Total 25 202 

Fleet 
10 124 
8F 584 
9 290 

Mean estimate 
Strata 2-7 
Strata 2-8E 
Add stratum 10 

Immature 
Biomass (t) C.V. 

Adult 
Biomass (t) C.V. 

* Both snapshots of stratum 8E were carried out during snapshot 2 but for this analysis the fist snapshot of s h a m  
8E was treated as part of snapshot 1 



Table 5: Effect of using the sound absorption coeflicient calculated from the survey (see Appendix 2), and 
then the towbody motion correction, on biomass estimates (t) by snapshot of juvenile, immature, and 
adult SBW. 'Standard' values are from Table 4, but exclude strata 2 and 3N for snapshot 2. 

Biomass (t) 
Snapshot CategOrY Standard New absorption Add motion co~ection 
1 Adult 66 048 88 114 101 059 

Immature 
Juvenile 

2 Adult 
Immature 
Juvenile 

Fleet stratum 10 Adult 

Table 6: Decomposed biomass estimates (t) by stratum and snapshot of 1,2,3, and 4 year oldand over 
SBW for the Campbell Island Rise in 2004. The italicised entries were obtained from the previous 
snapshot 

SlIatum 
Snapshot 1 
2 
3N 
3 s  
4 
5 
6N 
6 s  
7 N  
7 s  
8 
8E* 
Total 

Snapshot 2 
2 
3N 
3 s  
4 
5 
6N 
6s 
7 N  
7 s  
8N 
8s 
8E 
Total 

Fleet 
10 

Mean estimate 
Strata 2-7 
Strata 2-8E 
Add stratum 10 

* Both snapshots of stratum 8E were carried out during snapshot 2 but for this analysis the first snapshot of s h a m  
8E was treated as part of snapshot 1 

20 



Table 7: Decomposed biomass sthates (t) by survey and age p u p  for the Campbell Island Rise. Values 
in parentheses for 2002 and 2004 include biomass from strata outside the core amustic m e y  area (LC?., 
stratum 8F in 2002, and strata 8,8E, and 10 in 2004). All other values are for the core area (strata 2-7). 

Age 1 Age 2 Age 3 Age 4+ 



Snapshot 1 - 30 Aug - 6 Sep A( 

r1 2 - 7-1 7 Sep 

Figure 1: Stratum boundaries for snapshots 1 and 2 of the 2004 acoustic survey of the Campbell Island Rise. 
Fleet strata (dashed Unes) were surveyed from 14-16 September during snapshot 2. Crosses show the start 
positions of commercial trawls carried out during the period of the snapshot (see Figure 2). Note that each 
cross may represent more than one tow. Thin Lines are 250,500, and 750 rn depth contours 



-- I 30 Aug - 5 Sep I 16-20 Sep I 

21-24 Sep 

Figure 2: Start positions of commercial trawk carried out on the Campbell Island Rise during the 2004 SBW 
season. Note that each cross may represent more than one tow. Snapshot 1 stratum boundaries are shown for 
reference Acoustic snapshot 1 was from 30 August to 6 September, and snapshot 2 was from 7 to 17 
September (see Figure 1). 



Snapshot 2 A( 

F i  3: Catch rates of trawls during snapshots 1 and 2 of the 2004 acoustic survey of the Campbell Island 
Rise. Circle area is proportional to the log of the trawl catch. M&mum circle size is 4 700 kg. Thin Lines are 
250,500, and 750 m depth contours. 



Figure 4: Dense adult daytime pre-spawning mark dose to the bottom surveyed in stratum 7 s  
on 7 September 2004. Towbody depth was about 50 m 

Figure 5: Very dense adult nightime spawning mark surveyed in stratum 10 on 16 September 2004. 
Towbody depth was about 50 m. 



' Snapshot 1 - Adults A( 

Figure 6: Spatial distribution of acoustic backscatter from adult SBW plotted in 10 ping (-100 m) bins for 
snapshots 1 and 2. Symbol size is proportional to the log of the acoustic hackscatter. Both snapshots of 
stratum 8E were canied out during snapshot 2, but for plotting and analysis the first snapshot of stratum 8E 
was treated as part of snapshot 1. 



' Snapshot 1 - Immature 2, ( 

/snapshot 2 - Immature h" 

F i e  7: Spatial distribution of acoustic backscatter from immature SBW plotted la 10 ping (-100 m) 
bins for snapshots 1 and 2. Symbol size is proportional to the log of the acoustic backscatter. Both 
snapshob of stratum 8E were carried out during snapshot 2, but for plotting and ady& the first snapshot 
of stratum 8E was treated as part of snapshot 1. 



' Snapshot 1 -Juvenile A( 

'snapshot 2 - Juvenile 1 ( 

F i e  8: Spatial distribution of acoustic backscatter from juvede SBW plotted in 10 ping (-100 m) bins 
for snapshots 1 and 2. Symbol size is proportional to the log of the awustic backscatter. Both snapshots of 
stratum 8E were carried out during snapshot 2, but for plotting and analysis the first snapshot of stratum 8E 
was treated as part of snapshot 1. 

28 



/ Fleet strata - Adults 

- 51 5 n 

Figure 9: Spatial distribution of acoustic backscatter from adult SBW plotted in 10 ping (-100 m) bins for 
fleet strata Lower panel is an enlargement of stratum 10. Symbol size is proportional to the log of the 



Research trawls 

Juvenile Male 

5 

a 

20 
Immature Male 

15 

- 20 E North Adult Male 9 15 

20 
15 Soum Adult Male 

Juvenile Female 

5 
0 

15 20 25 30 35 40 45 50 55 

Immature Female 

n 

20 
North Adult Female 

15 
10 
5 
0 -I - 

1 5 2 0 2 5 3 0 3 5 4 0 4 5 5 0 5 5  

South Adult Female 

commercial trawls 

- 
20 

south Male 15 South Female $ 15 

20 20 

F i i  10: Catch-weighted length frequenq dislributions for southern blue whiting caught in researeh trawls 
by Tangmoa from juvenile, immature, and adult marks north and south of 53's and from commercial tows 
north and south of 53" S during the spawning fishery. Research data were osed in the amustic survey a d y d s  
for decomposing juvenile and immature marks and commercial data were used for adult marks. 
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31 - ~ u g  5-Sep 10-Sep 15-Sep 20-Sep 
Date 

F w  11: Percentage of ripe (dotted line) and Nnnlng ripe (solid line) SBW by date from rereareh h a w k  
Immature (stage 1) fish were excluded when calculating percentages 
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F i i  12: Survey timing (thick line above x a&) in relation to the timing of spawning for the amustie survey 
time-series for SBW on the Campbell Island R k  Percentage of running ripe females is h m  observer 
data. 



Appendix 1: Acoustic equipment used for abundance estimation 

This appendix describes the system used to collect acoustic data during the 2004 Campbell Island 
Rise SBW survey. Features of the general system are covered as well as details ofthe specific system. 

Data for abundance estimation were collected with W A ' s  Computerised Research Echo Sounder 
Technology (CREST) (Coombs et al. 2003). 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 60 lcHz and the data from these are complex demodulated, filtered, and 
decimated. The filter was a 100 tap, linearphase fmite impulse response digital filter. For the 
abundance survey work this had a bandwidth of 1.6 kHz and the data were decimated to 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 transminer was a switching type with a nominal power output of 2 kW mu. It will operate over a 
wide range of frequencies (12200 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. 

One towed CREST system was used on all transects in this survey. This system consisted of a split- 
beam 38 kHz CREST echosounder connected to a towed S m d  split-beam transducer via about 
2000 m of Rochester type 301301 tow cable. The towed body was a 3 m long flat-nosed, torpedo- 
shaped, 'heavy weight' design. Digital data from the receiver were sent to a control computer where 
they were combined with position and transect infonmation and stored. 

Calibration followed the standard procedures set out by Foots et al. (1987). Calibrations were canied out 
during the survey in Perseverance Harbour at Campbell Island (shallow calibration) and at sea in July 
2004, during an orange mughy acoustic survey (deep calibration). Calibration data are provided in Table 
Al.1. 

Table Al.1: Calibration data for the 38 k& CREST system used for the 2004 SBW survey. VI. is the in- 
circuit voltage at the h e u c e r  terminals for a m e t  of d t  backscattering cross-settion at unit raage. 
G is the voltage gain of the receiver at a range of 1 m with the system ~onfigored lor echo-integration (LU) 
Log R'). 

Transducer model 
Transducer serial no. 
3 dB beamwidths (') 
Effective beam angle (x) 
Operating frequency &Hz) 
Transmit interval (s) 
Transmitter pulse length (ms) 
Effective pulse length (ms) 
Filter bandwidth (kHz) 
Initial sample rate @Hz) 
Decimated sample rate &Hz) 

Absorption (dB km-')* 

Towed body 2 
ES38DD 

28327 
7.0 X 6.9 

0.0083 
38.156 

2.00 
1.00 
0.78 

1.5 
60 
4 

1366 
14 491 

8.0 & 9.39 

* See Appendix 2 



Appendix 2: Calculation of sound absorption coefficients 

As sound travels through water, accustic energy is lost due to absorption and spreading. This effect must 
be taken into account when estimating fish abundance (e.g., h k ~ k I n a n  & S i d s  1992). The 
absorption of sound by seawater is related to the depth, temperature, and chemical composition (related to 
salinity) of the water. Previously, there were two sets of equatioos available to calculate absorptim for 
SBW surveys, the standard procedure has been to use an absorption of 8.0 dB kuil, which was based on 
the formula of Fisher & S i m m o ~  (1977) h m  laboratory measurements of artificial seawater. Most 
recent fiheries acoustic work has used the alternative sound absorption formula of Francois & Garrison 
(1982.. 1982b). which was based on in situ measurements. This formula gives higher estimates of 
absorption. The Fmcois & Gauim (1982a. 1982b) formula was not adopted by NIFVAbecause the data 
on which the equations were based did not include measmments at 38 kHz (Cwmbs & Cordue 1995, 
Doonan et al. 2003). 

h a n  et al. (2003) reviewed the absorption of sound in seawater, focusing on the kquencies used in 
fisheries acoustics and oublished a new formula based on a statistical reanalysis of exMm data. This 
new formula has been adopted for surveys of New Zealand deepwater fish -species and 0'hisfoll & 
McMillan (2004) used the new absorption to update the time series of acoustic estimates for Cook Strait 
hoki. 

In this report we calculated sound absorption for the Campbell Island Rise survey rueas from 0 data 
using the formula of Doonan et al. (2003). 

Calculation of sound absorption 

F i n  ClB casts were cauied out as part of the 2004 survey. We estimated average sound absqtion 
for each tempemhe, salinity, and depth m6le. Estimates of sound absorption by area are given in Table 
Al. We use2 the average &qtion e s b  of 9.39 dB lad1 as a sensitivity when e&ting SBW 
biomass (see Section 3.5). 

Table Al: %timates of aeorrstle absomtion for the Campbell Island R h  amustie survey areas Ln UW)4. 

Trawl stlton 

average 

Max. depth of 
C& (4 

305 
394 
437 
476 
512 
507 
425 
375 
55 1 
261 
411. 
481 
487 
5 17 
224 

424 

Mean temperature 
("c) 
7.14 
7.11 
7.15 
7.14 
7.14 
7.20 
7.18 
7.19 
7.35 
7.18 
7.16 
7.17 
7.17 
7.19 
7.23 

Mean absorption 
(dB imi') 

9.50 
9.37 
9.41 
9.34 
9.32 
9.30 
9.41 
9.44 
9.27 
953 
9.39 
9.33 
9.32 
9.31 
9.60 



Appendix 3: Description of gonad development used for staging SBW 

Research gonad stage Males Females 

1 Immature Testes thin translucent ribbons, Ovaries traosluanf white 
almost undetectable. and small (about 2 cm). No 

eggs present 

2 Resting 

3 Maturing 

4 Mature 

Testes partially lobed, 
but stiU threadlike. 

T a m  multilobed, opaque 
to white with no 
milt exmdable. 

Testes with large creamy 
white lobes. Ody small 
amount of milt extndable. 

Milt easily exidable and 
freuunning when premed. 

6 Partially spent Tstes brownish at edges, 
bloodshot and thin. Some 
milt exeuded with pressure. 

7 spent Testes usually brownish, thin 
and straggly with no 
extrudable milt 

Ovaries elongate and pale 
in colout. No eggs *ble 
to naked eye. 

Ovaries creamy white and 
firm with opaque eggs. 

At least one clear hyaline 
egg visible through ovary 
waU. Ovary considerably 
enlarged and speckled. 

Clear (ovulated) eggs W y  
extrudable eitha tium vent or 
cut ovary. At least 10% ofthe 
eggs in the ovary should be 
in this stage. 

Ovary bloodshot and partially 
deflated. V~teUogenic, hyaline, 
and some ovulated eggs 
prsca 

ovary bloody, flaccid. and 
dark redpurple. Ovary wall 
often thickacd. A few 
residual opaque or owlated 
Eggs may be 

Ovary bloodshot and partially 
deflated. Mainly ViteUogenic 
eggs, but a few ovulated 
eggs also present 


